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I INTRODUCTION

The pollution by man of the atmosphere, which has now become a
problem In many countries, has increasingly attracted the atiention of
the World Health Organization which has sponsored several meetings of
experts, conferences and seminars to study this aspect of the pollution
of the environment.

Oreat efforts have also been made, during the past fifteen years, by
various governmenis and agencies concerned, including the World Health
organization, to define the air polilution problem and its effeots, to
develop methods for measurements of pollutants and devise means _fnr control.
The alr pollution problem is, nevertheless, on the increase everywhere,
Indeed, if technical progress and economic expansion are the very characteris-
tics of our modern society, they have at the same time produced by-products
- many of them unwanted or unexpected - resulting in various forms of
environmental pollution ineluding air pollution, the impact of which is
now felt by millions of people, |

It is realized that the pollution of the air is not severe in all
areas of ‘the Eastern Medlterranean Region. However the need for more
informetion on this problem and 1ts effects on men and its environment
has been recognized; also the need for informetion, to be made available
to the countries of this Reglon, on means of technologloal control and in
partiocular on means for prevention, These toplcs were reviewed at the
Seminar repor'ted on here and several papers dealt in detaill with the various
effeots of air pollution and the important aspects of pollution abatemnt
and oontrol includ;lng legislation and health education, The usefulness of
the subsequent technical discussions, summrized in this document, ‘were
underlined by many participants. The hope was expressed that WHO's
asslstance to Member States in the fleld of air pollution would continue
and expand,.

- This. Semina.r was the first one in this field organized in this Region
by the Reglonal Office for the Eastern Mediterranean of the World Health

Orsanizs,tion.
II THE PURPOSE QF THE SEMINAR

The purpose of this wmeeting was to exchange information on the air
pollution problems of thils Region, to direct attention to the increasing
need for prevention and to provide guidance, nctably as regards air
mondtoring programmes, for countries now undergoing rapid industrialization
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and urbanization likely to face problems of air pollution now or in the
near future, The Seminar was also designed to provide an opportunity for
the participants to exchange experience, to discuss specific problems and
to make appropriate recommendations which would assist in defining action
towards sir pollution control,

It was gratifylng to see that the responsible depariments of govern-
ments of thls Reglon are already {inding it desirable to assess the current
and potential air pollubion situation and that efforts for prevention have
been or are beginnming to be made, based on the premise that no one should
use the atmosphere inconsiderately as & receptacle for wastes which may
affect the health, comfort or property of people. Emphasis is being placed
at the same time on the need for proper planning and for setting out of
priorities based on precise data to be established by systematic air pol-
lution surveys, the scope of which was discussed at the Seminar, and also
the need for training of personnel - including professionals and technicians
of adequate number and quality without which no programme, however well
plenned, can ever be implemented.

ITT ORGANIZATION

This Seminar on Air Poliution, convened by the Regional Office for the
Eastern Mediterranean of the World Health (Organization, was organized with
the assistance of the Government of Iran, the host country. It was held
in Teheran from 21 to 29 April 1969, Participants from nine countries
attended the meeting, namely from Cyprus, Iran, Irag, Kuwait, Lebanon,
Pakistan, Southern Yemen, Sudan and the United Arab Republic. In addition
two countries from the European Region of the World Health Organization,
Rumenia and TUTkey,atﬁended the Seminar, The list of participants,
consultants and staff is glven in Amnex T.

The Seminar was opened by H.Es Dr. M. Shehgholi, Minister of Publlec
Health, Yran, who introduced the problem of air pollution, mentioning
WHO's assistance in this field to his country and welcoming the partici-
pantss Dre A.H. Taba, WHO Hegional Director, Bastern Mediterranean Region,
addressed the Seminar on behalf of the World Health Organization and then
Dr. N.F. Izmerov, Assistant Director-(eneral , WHO, Geneva, and Dr. M, Saleh,
ex=Minister of Public Health and ex-Chancellor of Teheran Unlversity addres-
sed the meeting,
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After the opening geremony, the following officers were elected 3

H.Ee Mr. M. Assar Chairman
Under-Secdretary of State, Planning and Programmes,
Ministry of Public Heelth, Teheran, Iran

Dr. Z. Rahman Vice=Chairman
beputy Secretary and Deputy Director-General of Health,

Ministry of Health, Educatlion and Social Welfare,

Islamebad, Pakistan

Dre AchsA. Amer Vice-Chairman
Director, Industrial Health Department,

Ministry of Public Health, Cairo, United Arab Republic

Dre Y. Osman , Rapporteur
- Chief, Occupatiocnal Health Tivision,
Ministry of Eealth, Knartoun, Sudan

Some gereral statements and a broad outline of the subject of the
Seminar were presented by Mr. L.J. Lovelace, WHO Secretariat, who then intro-
duced the WHO Temporary Advisers, Professor M, Katz, Dr. H.Cs. Wohlers and
Professor Pede Lewbher.

The WHD experts prescnted a serles of papers on specific aspects of the
air pollution problem, which were discussed in Plenary Seesions, as summarized
under Part I,

The methods of the Seminar involved the preparation and presentation
of twenty-two papers followed by discussions between the partieipants and
the lecburers, Considerable interest was shown by the participants who
appreciated the rmasterly presentation made of the various topics by the WHO
Temporary Advisérs,

Some basic documents were sent to the participants for their advance
information prior to the meeting, and an outline of the papers was handed
to them before the start of the Seminar.  Background material on air pol-
lution was also ¢On display during the Seminar and was distributed afterwards,
as requested, to persons interesteds . The list of these doecuments is shown
in Annex IV
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The programme of the Seminar covered all the aspects of alr polluticn
from the exposition of the problem and its effects on man's health, on
vegetation and property, to air pollutlion emission inventories, alr pol-
lution monitoring and control programmes, including organization, training
and legislation, The air poliution provlems in the Eastern Mediterranean
Reglon were also reviewed and statements were made by participants concern-
ing the situation in their respective countries. A field trip was organized
to Palasht School, Varamin Plain, for demonstration of apparatus and analyses
of alir pollutants, ‘The agenda and list of baslc documents are given in
Amnexes IT and IIT.

The work and activities of WHC in the field of air pollution was disc-
cussed, and is summarized under Part II,

v THE AIR POLLUTION PROBLEM

In the presentation of the problem of alr pollution and its effects,
which was covered in six lectures, a review was made of the situation in
various countries as would apply to this Region.

The effects of pollutants on man's health were presented by
Professor Lawther in his lecture which aroused the greatest interest
and was followed by lively discussions, the summary of which is given
under Part II.

The effects of air pollution on vegetation and of meteorological condi-
tions on the dispersion of pollutants were the subject of two most interest-
ing and highly technical presentations by Professor Katz, while the kinds
and amounts of pcllutants found in the atmosphere, including those emitted
from various sources, and the other effects of alr pollution were taken up
in three presentations of great interest by Dr, Wohlers, The text of the
papers presented and the following discussions are also recorded under
Part TI.

In the presentation of these subjects, thought-provoking ideas were
expounded by the WHO Consultants and general views expressed among which the
following may be briefly mentioned,

Air pollution is a most complex problem, and the emlssions of so many
different pollutants into the air, their transport through the atmosphere
and their effects directly or indirectly upon man and his environment do
require studies and activities involving a number of different disciplines.
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In faet, no single discipline, including ecology and epldemiology can alone
appraise the complexity of the air pollution phenomena, VYet the numerous
facets of this muiltidisciplinary problem may not all be accessible to &
satisfactory scientific exploration,

It was noted that air pollution is not’ a new problem of man's technolo=
giecal advances, but a problem as old as humenity, The advent of fire for
cooking and heating purposes could be considered as men's first experience
with air pollution, Yet in early times man could move to a new location
whenever his environmental problems, including air pollution, became intol=
erable, Today, 1t is not possible to move cities, and man is discharging
pollutants at & rate excesding the capacity of natural regeneration of the
alr., Man has therefore to find a form of coexistence with nature; he must
and, fortunately, can solve the alr pollution problem. The higher the air
quality desired, the grenter of course will be the cost of control. It has
been emphagized that the lack of control causes more monetary losses to the
public than does the cost of control,

It was stated that meteoroclogy pleys an important part in air pollution
control, Alr pollution eplscdes may and usually do occur when winds do not
blow; under these conditions the dispersion of pollutants is minimal,

Buman deaths have pcourred when these weather conditions existed concurrent-
Xy for several days or more. Attempts have been made to use dispersion
equations to prepare mathematical medels for urban areas, - The recent use
of computers has greatly facllitated the more aceurate development of dis-
persion formulae., They should nowy Serve as an irmportant indicator for the
removal of pollutants not belng considered as a specific method of control.

A review was made of the dynamics of wind motion whieh included dis-
cussions on the pressure gradient force, the horlzontal deflecting force-
due .to earthts rotation, the effect of wind friction, and the varlation of
wind velocity gredient with height. The thermodynamic aignificance of
changes in lapse rate was reviewed; this covered the dry adiabatic, super-
diabatic, and natural lapse rates.

Atmospheric diffusion of matter was reviewed, account being taken
notably of the behaviour of smoke plumes, of the measurement of atmospheric
disturbance, of the .Gaussian distribution of -airborme material and of the
statistical treatment of lateral and vertical distributions of concentrations
of pollutants,

With regard to the effects of alr pollution on men's health, 1t was
recognized that alr pollution dees affect those individuals with respiratory
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illnesses, but it was pointed out that the effects of city air on healthy
perscns sre still being debated throughout the worlds Research on the
effect of air pollution to human heslth should, preferably, be conducted
on human populations rather than on animals and studies should be carried
out on individuals who are exposed to sufficiently high pollutant levels
as they perform their daily tasks,

It was noted that the effect of air pollution on human health is
complicated because man does not breathe pure air plus a single pollutant,
say sulphur dioxide. Man breathes alr that may contain a mixture of all
of the elements and compounds known and hitherto unknown to mans Synergistic
or antagonistic effects of all or even of combinations of possible pollutants

are not known; perhaps these effects will never be known for those in good
health or in bad health,

From this standpoint of human health, the complexity of the response
of man to alr pollution precludes a definition of air quality for health
purposes which should be acceptable to all scientists involved, TFor
visibility reduction and for vegetation, definite air quality standards
are however possible.

It was finally stressed thet air pollution should be controlled to the
maximum extent possible, using most modern technlcal processes and equipment,
In fact equipment 1s avallable now tc control almost all air pollution
problems at a cost which will not affect the economy of a country but will
actually save economic losses from the detrimental effects of air polluticn.

Developing countries in particular should take advantage of advances
in air pollution control in other countries and prevent the discharge of
pollutants from all sources in their citiess The prevention of pollutant
emissions now will definitely be less costly than the control of air pol-
lution at a later time,

VI AIR POLLUTTION PROELEMS IN EMR COUNTRIES

The increasing importance of air pollution has already been considered
at several meetings of WHO Expert Committees, and WHC is assisting already,
as part of iis duties toward Member States, in the assessment of their air
pollution problems and in teking appropriate measures where necessary for
control or prevention,

Mention was made that during the past five years requests for WHO
assistance had been recelved from vaerious EMR countries, as a result of
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which a number of surveys were indertaken. ‘The problems of air pollution
were in general not severe as they were most often localized and as such did
not affeet great sections of the population. The information provided by
the surveys was then reviewed.

The situation as regards motor vehleles was discussed first and atten-
tion focussed on the fact that some of the larger cities of this Reglon,
such as Teheran, were likely to face air pollution problems in the future
with the increasing number of vehicles, Photochemical smog formation was,
at times, noted in that citys The problems of pollution from industrial
sources ineludlng cement factories, brick factories and refineries were
discussed., The particular prcblem of mmniclipal solid wastes disposal and
its implications in relation to the increase of general air pollution over
urban areas was considered as well as the specilal problens of dustfall from
sandstorms,

Following the exposé of the situation in this Regloi, es per documents
avaellable at the Regicnal Qffice for the Bastern Mediterranean Reglon, the
participants submitted up-to-date deseriptions of the alr pollution problems
in their respective countries.

VII MONTTORING AND MEASUREMENT OF  AIR POLLUTICN

Fleld survey techmlques .and related problems of sampling and measure-
ment of alr pollution were discussed in a series of six papers: Dr. Wohlers
discussed the methodology rfor conducting cdour surveys in the field and
source emission inventories., The kinds of equipment avallable for measuring
specific air pollutents were described by Professor Katz, while the eriteria
for evaluating ambient air quality in relation to public health were dis-
cussed by Professor Lawther,

It wes noted, amongst other points of interest, that in most humans the
sense of smell is well developed,-and that adverse conditions of amblent air
quality are frequently detected by changes in odour before other physical
and chemical effects are noticed., Because of 1ts intrinsic relation to the
specific chemical compounds in the air, changes in odour are assoclated with
chemioal changes, particularly oxldation, of these compounds. This fact is
most important in making odour .curveys in the field, The use of the "odour
triangle" technigue for making odour surveys in the field was described in
detall, and the complicated problem of multiple emlssion sources and the need
for taking into account meteoroclogical factors was stressed, The conecept
of threshold odour unit was then revicweds It.was noted that gas samples
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can be removed from stack flows of known volumetric rate by suitabie
dilution techniques and the discharge in terms of "odour units" deter-
mined. Detalls on the azbove are alsc given in Part IT.

Another aspect of any air pollution control programme is the air
pollutant emission inventory which, it was stressed, is a necessary part
of the activity of all ailr pollution agencies, The development of an
inventory must include loecation of all sources of emission on a map,
identification of the types of discharges, and complete measurements of
the quantities and intensities of the particular constituents of interest,
This information is used for subsequent establishment of proper locations
for alr sampling stations and for determining the anelyses which will be
required to assess the air pollution problem in the commmity, Perlodie
revision of the inventory is an aid to evaluating the progress of the
control agency in the abatement of air pollution,

Many other points were discussed, as shown In Part IT of this report,
and also the following: it was explained that messurements of flow rates
and concentrations of individual chemlcal compounds in gaseous and particu-
late emissions from pollubtlion socurces are required in order that alr pol-
lution surveys mey be evaluated guantitatively. Professor Katz discussed
some of the routine and special problems of sampling and analyzing stack
flows &s well as ambient air, and he briefly desceribed the various types
of equipment which have been developed soc far,.

The pressing need for standard analytical procedures and for standards
of air measuring eguipment was stressed by Professor Katz. He reported
that a task committee in the United States is currently compiling a manual
of "standard methods" for air pollution testings The importance of this
effort was emphasized by the many questions and extended discussion from
the floor regarding the testing for even such common pollutants as S0o
and €0« Professor Lawther noted some of the special requirements involved
in measuring the health effects of various pollutants; in particular he
described the survey techniques employed by his own research group in the
United Kingdom.

It was noted that eriteria of alr quality in respect of human health
represent the bounds within which air pollution must be held to prevent
undesirable physioclogical reaction, Theze and current research needs were
disoussed and 1llustrated by Professor Lawther, Ailr quality standards
formulated on the basis of known criteria and emlssion standards that may
be applied to sources of pellution to meet desired alir quality standards
were considered by Dr. Wohlers.
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VIII WHO ACTIVITY IN THE FIELD CF ATIR PQLLUTION

The work of WHO in this field since 1955 was reviewed and summarized.
WHO supports studies to develop methods of deteotion and measurement of
concentration of air pollutants; +takes part in developing suitable methods
for air quality and epidemiological surveys in connection with various air
pollution problems; encourages studies on guldes to acceptable alr quality
and stimulates intermational collaboration in this field; supports studiles
on control devices or cantrol measures for those pollutants for which
adequate control does not yet exlsi, as well as encourages research into
all aspects of air pollution,

As part of its research programme, at the end of 1967 WHO established.
an Internatlonal Reference Centre on Alr Pollutiocn, and a number of reglonal
and natlonal reference centres and collaborating laboratories are now being
designated Yo form together a world network of institutions, The functions
of the Intermational Reference Centre is to advise on research results
regarding the health effects of air pollution, on the organization of air
pollution surveys, on the identification and measurement of air pollutants-
and on contrel methods, It will provide eonsultant services on research
and technical problems, it will carry out research on behalf of WHO, co=
ordinate research and evaluate the results obtained by collaborating labo-
ratories and national institutions, and advise WHD on new research needs,

In addition, training of persomnel in the prevention and control of
air pollution is . already being provided by WHO, but increased support is
essential both for existing institutions and for the oreation of new ones,
wherever needed.

IX  ORGANIZATION OF MONITORING PROGRAMMES

Three papers were devoted to the planning and administration of air
pollution control programmes, Implementation of such programmes reguires
that ambient air and emlssion sources be monitored in order that progress
of the control measures may be ascertained.

Professor Lawther discussed the plamming of an alr monitoring programme,
He stressed the need for giving adequate thought to the reasons for monitor-
ing pollution and for organizing the field and laboratory work in such a way
that the desired oblectives would be achieved, The tendency for making
sueh programmes ummecessarily comprehensive, thereby taxing the often limited
resources of money, facilities and personnel, should be avoided.
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This concept was further developed by Dr. Wohlers in the discussion
on the kinds of activities carried out by govermmental air pollution
control programmes. Each country has i%s own organizational requirements
and philosophy and must develop its programme with the framework of its
existing legal structure, The experience of developed countries may,
however, serve as a gulde for the purpose of writing legislation to permit
effective enforcement of adopted standards of air pollution, The enforoe-
ment activity requires adequate information on the status of air pollution
and this is obtained from the type of planned monitoring programme outlined
by Professor Lawther,

It was noted that air pollution legislation tends to present a con-
fused state of affairs, as it invelves concurrently air quality criteria,
air quality standards, emission standards and finally enforcement. These
terms, 1ndeed, are all simple in definition, but are often confusing in
practice,

When the monitoring programme is badly planned or when the basis of
control and enforcement fails to conform impartially to scientifiecally
sound standards 77 evaluation, problems of legal validity srise, This
aspect waz discussed and means were suggested by which these problems may
be eliminated, Summaries of the aboe dlscussions are presented in Part ITe.

In addition, it was pointed out that the budget for govermmental
air pollution control agencles 1s, in general, minimal, except in a very
few areas, A minimum budget means a2 minimum number of personnel and hence
minimal air pollution control enforcement. The public has not as yet
realized that each sum of money spent on air pollution contrel means almost
a geometrical return in the reduction of losses from air pollution effects.

An air pollution agenecy, it was emphasized, should have capable per-
sormel in the many technical fields. Air pollution is concerned among
others with engineering, chemistry, biology, meteorology, statistics,
legislation, business, econcmices, sociology, publie relations, etc, Re-
search into air pollution problems of concern to the agency would add more
to the already long list of disciplines,

Ideally a division or a section of & control agency should incorporate
comparable disciplines in a manner most suitable to the commmity. A
technical division and an engineering division would be the simplest orga-
nizational basis of an agency; modifications can take place from this
arrangement,
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If the agency does not have the needed personnel, excellent use can
be made of existing talents within the commmnity. Industrial personnel,
consultants, retired personnel and college students could be asked to
assist on specific projects.

The participants, many of whom represented administrative and enforce-
ment agencles in thelr respective governments, showed by their questions and
discussion that the points covered by the lecturers were indeed real prob-
lems, There was particular interest in the assistance which the World
Health Organization might be able to give EMR countries in the organization
of air pollution survey and ccntrol programmes and in the training of person-
nel.

X CONCLUDING OBSERVATIONS AND RECOMMENDATIONS

The concluding discussion coutered on subjects of common interest to
the participants and rpecially ca air pollution programmes to be carried
out in countries of this Region which are undergoing rapid incdustrialization
and urbanization and likely to face problems of air pollution now or in the
near future. Alsco the participants of countries where air pollution
activities have already started placed enmphasis on the necessity to take
further action towards econtrol of air pollution problems.

Note was taken of the usefulness of WHO-sponsored seminars, such as
the present Seminar in Teheran, in bringing together professionals concermed
with air pollution and making it possible for them to exchange information.
Appreciation was also expressed of the assistance that has been provided in
this field by the Regional 0ffice for the Eastern Mediterranean Region of
WHQ,.

It. was wmanimously agreed and recommended that @

a, The recognition of the problem in the Eastern Mediterransan Region
countries necessitates that appropriate air pollution surveys be
undertaken in order to identify causes of pollutlon and to assess
problems where they exist in view to eventually taking appropriate
measures for prevention or control,.

be Detailed recommendations on how to ecarry out such surveys and how to
collect air pcllution data are needed and that assistance from the
World Health Organization in this regard, as a follow-up of the Semi-
nar's recommendations, would be valuable,
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Emphasis must be placed on the prevention of pollution, as prevention
of alir pollution is less costly than subsequent control and as moneys
thus spent are repaid many-fold in savings from the deteriorating
effect upen man, his well-being and his property; that prevention of
air pollutant emissions should be initiated now, as equipment for the
abatement of pollution is available,

Co~operation between physical and social scientists and technicians

in govermment, industry, universities, and the public must be developed,
and that the attempt should be made to prevent air pollution by co-
operation and persuasion; if the method is not successful, legal steps
should be taken to prevent air pollution emissions.

Assistance from international agencies may be needed regarding the
setting up of air pollution laboratories, in particular as regards
the equipment required and also laboratory development.

It is important that where serious air pollution exists clinical data
are carefully collected by proper methods so that clinical effects may
be investigated by the use of follow-up studies,.

Experimental work on the effects of air pollutants musi be properly
designed, special attention being given to the need for double biind
aross-over trials and strict assessment of results,

That proper public transport~systems be planned in developing cities
to alleviate the problems caused by motor vehicles.

That training of air pollution personnel represents an essential aspect
of an air pollution programne and that continuous efforts to that end
by the Govermments are required, possibly through training courses in
air pollution control and the award of individual fellowships.

That WHO and other competent organizations should continue their
endeavours to achieve uniformity in measurements and in the reporting
of data on sir pollution.



PART IT

TEXTS QF THE WHO TEMPORARY ADVISERS' PRESENTATIONS

AND

STATEMENTS BY THE PARTICIPANTS
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1, EFFECTS OF POLLUTANTS CON MAN'S HEALTH
(DRAMATIC EPISODES)

by

%
Prof. P.J. Lawther
WHO Temporary Adviser

The talk was illustrated by slides, The positive correlation between
air pollution and mortality and morbidity was demonstrated by using special
techniques in large populations. The relationship between exacerbations
of existing illness and air pollution was demonstrated by the use of a simple
dlary technique using bronchitic patients, The more severe the patient’s
illness, the more easily were the correlations seen, though in individual
cases the response was not invariable,

In order to try to understand the mechanism by which these changes
occurred, normal anatomy and physiclogy was discussed and current theories
concerning the development of chronic bronchitis and emphysema demonstrated.
Iaboratory experiments in which different methods of measuring changes in
airway resistance following inhalation-of mixtures of gases and particles
were described and the failure to demonstrate any consistent effects on in-
halation of realistic concentrations of sulphur dioxide was noted as being
of great importance, In cone subjeet who was insensitive to 30 ppm 802,
there was, however, a positive correlation between daily measurements of air-
way resistance and pollution (using smoke and S0p as indicators) following a
two-mile walk and this was Interpreted as evidence that there was in London
air a substance other than SOp which was capable of increasing resistance to
air-flow,

The decline in smoke following the implementation of the Clean Air Act
in the United Kingdom was produclng an opportunity to follow this correlation
between pollution and disease and death. Studiles with diaries repeated over
the years and continuous cbservations of mortality and morbidity indices was,
happily, indicating that the effects of pollution were decreasing markely.

*
Director, MRC Air Pcllution Research Unit, Professor of Environmental
Medicine, St. Bartholomew's Hospital , Medical College; London



EM/ES /Lik WHO EMRO
page 14

Summary of Discussions

In the discussion which followed, the question was asked whether other
methods of measuring ventilatory functions could be used. The merits of
the light spirometer were emphasized,

Professor Kotz asked if the use of a subject resistant to sulphur
dioxide was appropriate in the "London Bridge walk" experiment but it was
pointed ocut that the experiment was deslgned not to demonstrate the ineffica-~
cy of SO0» but the presence of a complex broncho-constrictor, The effects
of exercise were mentioned.

Other participants discussed other gases, and the value of the study
of industrial populations exposed to pollutants was emphasized. Professor
Katz mentioned Bell's survey of sputum productions near a smelter and the
various technical difficulties invelved in this sort of work were discussed
briefly.
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2, KINDS AND AMOUNTS OF POLLUTANTS IN THE ATMOSPHERE

by

*
Dre. HsC. Wohlers
WHO Temporary Adviser

The World Health Organization defines alr pollution as the presence
in ambient atmosphere of substances put there by the activities of man in
a concentration sufficient to interfere directly or indirectly with his
comfort, safety or health, or with the full use and enjoyment of his proper-
ty. In general, 1t does not refer 4o the atmospheriec pollution incident
to employment in areas where workers are employed, nor is 1t concerned with
air-borne agents of commmicable diseases, nor with overt of covert acts of
walr.

The definition clearly implies that air pollution is a people’s
problem e

A People cause air pollution,

B. ©People pay for air pollution effects,

C. People pay for air pollution control, and most important,
D. People decide on the quality of eir they wish to breathe.

The alr resources management concept involves the five "E's" of air
pollution -~ emission, exchange, effect, environment, and enforcement, as
shown in Figure l. Obviously, if there were no emissions, there will be -
no air pollution. Once the emissions are put into the air, they must be
exchanged by the wind to a location where an effect is exerted upon some
receptors be it a man, animal, vegetation, or inert material. TIn addition
to the direct effect of air pollutants, there is an indirect effect of air
pollution on the environment, l.e. how does man physically and mentally
react to a murky atmosphere? Finally, the enforcement of air pollution can
be controlled to the extent desired by the populace,

*
Professor of Environmental Sclence, Department of Environmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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Figure 1

The Blending of the five "E's"
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One can describe two major types of air pollution mixtures. The
first is the London type of air pollution and the second is the Los Angeles
type. The major difference between these two types of alr pollution
mixtures 1s the fuel used for combustion purposes. (Coal and oil are the
primary fuels used in London; natural gas is the primary fuel used in
Los Angeles. In London, the atmosphere has & reducing effect on the re-
agents, while the Los Angeles air pollution mixture has an oxidizing effect
on chemical resgents. Interestingly, the London type of air pollution
mixture is most severe in the months of December, January, and February
when temperatures are relatively low, humidities relatively high, and wind
speeds almost zero, On the other hand, the Los Angeles air pollution
mixture occurs most severely during August and September, usually occurring
during midday with temperatures in the range of 80°- 90°, relative humidity
less than 75%, and wind speeds of the order of five miles per hour, It is
not meant to 1mply that all air poullution problems can be designated by
elther ore or the other of these types. Meany locations may be experiencing
beth the London and Los Angeles types of air pollution mixtures simultaneously,
The only known way of reducing the effects of these types of air pollution
1s to prevent air pollutant emissions to the atmosphere,

The atmosphere welghs approximetely 5x1015 tons. Approximately 95%
of this weight is located in the troposphere (0-8 miles high), It is instruc-
tive to realize that the nitrogen content of the atmosphere 1s equivalent to
780 900 parts per million by volume (ppm) or 78.0%. When we speek of air
pollution, we are dealing in concentrations as low as 0.0l ppm or in some
cases less than one part per billion (ppb).

In the United States during 1966, 26 million tons of sulphur dioxide
were emitted; of this weight, 12 million tons were emitted by electric
generating plants and 9 million tons were emitted by industrial operations.
For oxides of nitrogen, 13 million tons were emitted yearly, with 6 million
tons from motor vehicles, 2 million tons from industry, and 3 miliion tons
from electric generating plants, As regaerds organic compounds, 19 million
tons were emitted yearly of which 12 million tons came from the automobile
and 4 million tons from industrial operations., When one considers carbon
monoxide, it is surprising to reallze that 72 million tons were emitted
during the year; of this tonnage, 66 million tons were emitted from the
automobile and minor amounts from other sources. Finally, the weight of
particulates discharged yearly into the alr amounted to 12 million tons,
of which 6 million tons are attributed to industry and 3 million tons attri-
buted to electric generating plants, Thus, out of the total of 142 millien
tons of pollutants discharged yearly, there are three major contributing
sources ~~ motor vehicles, industrial operations, and electric generating
plants,
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Pollutant levels in the Unilted States cities resulting from these
emissions are as follows : sulphur dioxide, 0.02 to 0.13 ppm as a yearly
average, nitrogen oxides 0400 to 0.16 ppm, carbon monoxide 4 to 17 ppm,
oxidant 0,02 to 0.03 ppm, hydrocarbons 23 ppm as C, and particulate matter
60 to 155 micrograms per cubic meter. These yearly average concentrations
are for the cities of Chicago, Cineinnati, Denver, St. Louis, Philadelphia,
San Francisco and Washington D.C.

In addition to the mejor emissions noted above, there are many sources
of minor pollutants which are normally not considered, As shown in
Table 1, rubber from automobile tyres amounts to 4.3 tons per day per one
million population. Salt spray in areas close to the ocean amounted to
140 tons per day per 1000 square mliles. In addition to minor components,
one should not forget radioactive materials in the atmosphere; strontium-90,
strontium-131, and cesium-137 are consldered the three most important elements
in that the half-life ranges from 3.1 days to approximately 30 years,

Table 1

Estimated Emission of Minor Pollutants - USA, 1965

Tons /day Tons/day
Source per per
109 population 103 miles?
Rubber (tyres) k3 -
Perfumes 0.5 -
Ground dust 430,0 -
Cigarette smoke Fal -
Cosmic dust - 0.02
HQS - natural - 0.07
Salt (ocean) - 140,00*
Vegetation decay - 110.00
Aerosol cans Selt -
Cigar smoke 0.6 -
Leather {shoes) 0.8 -
Moth balls 0.1 -

Within 200 mlles of coast,
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Takle 2 is a summary of pollutant emissions con a world-wide basis,
It is instructive to know that based on 146 million tons of sulphur dioxide
emitted throughout the world, the atmospherie background concentration
level for sulplmur dioxicde approximates 0,2 parts per billion and the cal~-
culated atmospheric residsnce time approximates 4 days,

important item in Tabie 2 1s thot emissions of carbon &l xitle:

Perhaps the mest
far over-

shadow that cf any othsr pollutant from either man~mzde or natural sources,

Surmery Toble on Pollutant Emissions - world-wide

Tons Calculated
Conta~ | Estimated E~lcsions | Atwmospheric | Atmospheric Major
minant Moz Rackground Residence Jources

Made Natural Ievels Time

& - }

St’.‘)2 1463:.106 None 0.2 ppb L days Coal, oil
6

H2S 3x10 100x10 0.2 ppb 2 days Volcenoss, swampﬁ
co EEOLIOG llx106 0.1 ppm <<:3 years | Autos

6 6
NO/NO2 52x1.0 5G0<L0 1 ppb 5 days Cerbustion
NH3 4x106 5 900xlo6 6-20 ppb 2 days Waste treatment

6 A

N20 ¥cae 1 0COx10 0.25 ppm 1-3 yenrs | Biologlcal

6 | ’ :
Hydro- 88x10 4803106 CH#:l.S ppm | 16 years Combustion
carbons nen Ciiy (CHy)

<1 ppb

10 12

002 1.2x10 10 320 ppm L years Combustion
-1 i
Total 1,310 0 10 2 - - -
(co,) {co,)
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In summary, an Air Pollution Credo is shown in Figure 2, The most

Important item in the Credo is that the success of an air pollution
control programme depends upon the co-operation of publiec, industrial, and
governmental groups,

1.

2a

9.

Figure 2

Air Pollution Credo

The air quality has deteriorated in most areas, principally as a
result of people crowding together in urban areas,

The decrease in air quality has an adverse effect on health, vegetation,
animals, material objects and man's well-being,

Air quality improvement should be rational and not emotional,
Air pollution control should be eveoked when the need is demonstrated.

Practical and economical tools are available to resolve almost any air
pellution problem,

The cost of air pollution control 1s dependent upon the degree of
control desired by the public.

The success of an air pollution control programme depends upon co-
operation of public, industrial and governmental groups.

Improvement in air guality is a never-ending job.

A strong investment in research i1s continuslly required.

Summary of Discussions

Dr, Wohlers wes asked whether air pollution effects from automobile

tyre wear arise from rubber particles or from degrade by-products. He
replied that much of this appears as fine particulates of rubber which can
be air-borne and constitute a form of alr pollution,

The question of allergistic response to air pollutants was raised and

whether this was a natural phenomenon or might be conditioned by economic
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standards of living. Dr, Wohlers noted that in general the lower income
groups live closer to the sources of air pollution and that pecple living
in"dirty" air seemed to be sick more frequently. He sald that the data
given in his telk was for urban rather than rural areas.

The desirability of using zoning to keep potential pollution sources
remote from iiving areas was brought up, Dr. Wohlers noted that this would
be separately discussed, but that in general prevention was a more sound
approach than expensive emlssion control. Comments from participants
indicated agreement with this principle.

Dust from unpaved roads and street sweeping practices in certain Middle
East countries also constitute sources of -air pollution and point up the
need to consider local customs as a factor in air pollution control.
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3« EFFECTS OF POCLLUTANTS ON VEGETATION
by

%*
Professor M. Xatz
WHO Temporary Adviser

Summary

Rgrieultural erops, ornamental plants and trees may be injured by
gaseous or particulate air pollutants. During the early history of the
metal smelting industry, extensive areas of land were completely denuded
of vegetation by the emission of sulphur dioxide from low stacks or from
"heap" roasting operations. The uncontrolled discharge of dust and fumes
containing arsenic, lead, copper and zinc resulted in the deposition of
these toxic metals on forage crops used as food for livestock, causing fatal
ef'fects.

Sensitive species of vegetatlon may be employed as biological dindica-
tors to assess the nature and magnitude of an air pollution problem, Many
gases are much more toxie to plants than to animsls or man at equivalent
concentrations. Leaves of plants exposed to air pollutants during the
growing season will accumilate and concentrate these substances. Consequent~
ly, the nature of substances such as sulphur dioxide, fluorides, sulphuric
acid, toxic metals, cement and alkall dust, etc., mey be identified and their
rates of accumilation demonstrated by chemicsl analysis of leaf samples at
regular intervals during the growing season.

Patterns of injury

The injurious effects of pollutants on vegetation may be classified
as: (a) acute injury involving collapse of leaf tissue and development of
necrotic areas of damage, (b) chlorotic or chronic injury accompaniesd by
loss of chlorophyll, (c) growth alterations, inecluding stunting of growth,
early abscission of leaves and fruit, and other abnormalities., The affected
leaves may develop distinctive colour patterns.

*
Professor, Department. of Civil Engineeringl Syracuse University,! Syracuse,
Mew York, USA
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Pactors influencing Susceptibility to Air Peollutants

Many internal and external factors determine the response of plants
to a specific air pollutant, Some of these may be listed as follows:

1. Genetic factors that govern variations in susceptibllity between
species and variability in response within different varieties
of the same species;

2. Concentration of the pollutant and duration of exposure;

%e Environmental factors such as light intensity and duration,
temperaturz, relative humidity and carbon dioxlde concentration
(in greenhouses);

4,  Soil factors such as amount of moisture in the soil, fertility
of the soil;

5. Stage of growth of the leaves and of the plant.

In general, plants are more sensitive to injury by an air pollutant In
daylight than in darkness, during the active period of the growing season
and under conditions of high relative humidity and optimum soil moisture.
The greatest sensitivity is manifested by newly metured leaves. Older
leaves rand very young leaves are more resistants Resistance also increases
repidly under conditions of moisture stress (near wilting point), low rela-
tive humidity and low temperature.

Sulphur Dioxide

This gas may injure sensitive plants such as cotton, barley and aslfalfa
in concentraticns of cbout 2,9 mg/m> for one hour or 1 mg/m’ for 8 hours.
However coneentrations of less than 0.3 mg/hj may be present throughout the
period of growth of & crep of alfalfa without causing injury. Sulphur
dioxide at a concentration greater than about 1,2 mg/m> will commence to
inhibit photosynthesis and short exposures to higher concentrations exert
an Irerees’ g inhibitory effect, Such fumigations at higher concentrations
disrupt the diurnal movement of the stomata, instituting closure in daylight.
Other effects of high concentration involve transformation of the chlorophyll
to rhooorphrtin by replacement of the magnesium in the nucleus with acidice
hydrogen, Prolonged fumigations of sensitive plants with S0p in concentra-
tions greater than about 0.3 mg/'m3 may cause chlorotic injury due to the
sccumulation of this gas in the leaves, mainly as sulphate.
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Hydrogen Fluoride and Volatile Fluorides

The toxicity of hydrogen fluoride to sensitlve species of green
plants is about two orders of magnitude greater than that of S0s., As
little as 1 microgramymﬁ of HF may be toxic to certain varieties of gladio-
lus, corn, apricot, Italian prune, peach, grape and pine, Discolorations
indicative of necrotic areas may appear on the tips, margins or intercostal
portions of leaves, similar to those caused by SOo. Species that are
resistant to HF include cotton, alfalfa, tomato and cabbage (species that
are sensitive to 802)., Plants accumulate sirborme fluorides in the leaves
and concentrate them throughout the growth period, Forage crops fed to
animals may ceuse fluorosis of the teeth and long bones of the legs, neces~
sitating eventual destruction of the exposed livestocks, The maximum
alloweble accumilation of fluoride in forage crops is about 35 milligrams
per kilogram of dry weight,

Other effects of fluorides in plants consist of inhibition of photo-
synthesis, interference with activity of enzyme systems and premature ripen-
ing of fruite The latter effect on fruit often results in serious economic
damage involving "soft suture" or rotting of the injured parts,

Qzone, Oxidants and Photochemical Pollutants

There are characteristic differences in the leaf damege caused by ozone
as compared with photochemical oxidants such as peroxyacetyl nitrate (PAN),
that are present in "smog" of the Los Angeles type. Ozone produces dark,
stippled markings or spots on the upper surfaces of leaves, Such damage
may occur to some varieties of tobacco affer exposure to about 0.l mg/'m3 for
4 hours; or to pinto beans with 0.2 ;mg/m3 for about 4 hours,

Photochemical oxidants or PAN cause the silvering, bronzing or glazing
of the lower surfaces of leaves of many plant specles, including sugar beet,
celery and lettuce. Sensitive plants may be injured by about 0,27 mg/nr - of
PAN after 4 to 8 hours exposure. Oxidants inhiblt photosynthesis, promote
thé abscission of leaves and suppress growbh,

Ethylene

This hydrocarbon 1s present in the exhaust gas of motor vehicles and
produces characteristic signs of injury to many plants, Ethylene damage
consists of epinasty of leaves and shoots; the stimulation of abseission
oells causing loss of leaves and flowers; and interference with normal
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hormone activity which leads to -abnormel floral and plant development,
Such injury mey be caused to tomatc plants after several hours of exposure
to 0.12 mg/mj, or to marigolds after exposure to 0,06 mg/mB. Orehid

flowers are highly sensitive to- ethylene and the sepals are injured by
exposure to as little as 6 micrograms/mE.

Partioculate and Aerosol Pollutants

Aerosol pollutants may be highly toxic to green plants. Sulphuric
acld mlst causes a "pock mark" type of injury when deposited on the upper
surface of leaves, particularly in the presence of high relative humidity
or foge. Plants injured in this manner have been found in the vieinity of
strong sources of sulphur dioxide and 803.

Particulate matter and smoke are significant pollutants in many urban
areas. Such particles are deposited on the leaves of plants, accumilate
in the guard cells and stemata, interfere with photosynthesis and retard
growth, Eventually, the susceptible species of vegetation disappear through
excessive mortality, premature senescence end defoliation.

Dust from cement kilns, when deposited on leaves, is absorbed in the
presence of moisture and eventually kills the palisade and parenchyma cells,
Other types of dust may act simdlarly, As a result, the yleld of agricultural
crops in the affected erea is reduced and growth of trees is retarded. The
exposed vegetaticn is rendered more susceptible to infection by fungi.

Finally, green plants absorld, accumulate and concentrate radicactive

pollutants which then enter into the food chain of all species of snimal
life, including men.

Summary of Piscussions

The difference in the damaging effects of gases on the upper and lower
surfaces of leaves was commented upon and Prof. Katz was asked about the
causes of the difference, Prof, Katz pointed ocut that the manner in which
the gas affects the cells of the leaf is selective in its action. For
example, ozone injures the palisade cells of the upper part of a dicotyledo-
nous leaf, whereas oxidants, such as peroxyacetyl nitrate, destroy the guard
cells of the stomata and the spongy parenchyma of the lower surface.
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A question was asked about the effect of inorganic dust from cement
works and whether such dust has any pollution effects on plants and
vegetation to which the lecturer answered that it has a very definite
effect. Particulate pollutants in the form of lime dust from cement
kilns may kill the palisade and parenchyma cells. The dust is deposited
mainly on the upper surface of deciduous species but it can cover the enti-
re surface of coniferous leaves, As a result, yleld of agricultural crops
is reduced and pgrowth of trees is retarded,

In reply to a question about the actlon as a catalyst of suspended
partioulates in the air causing increasing effect of S0,, the lecturer
stated that in the presence of sunlight and moisture, S02 is oxidized into
803 and then forms sulphuric acid. This reaction is accelerated by the
catalytic action of metal oxides and salts in the suspended particulate
matter,

Regarding the manmer of uptake of hydrogen fluoride and whether it is
done through the leaves or the root system of plants and the effective
fluoride concentration in this action, Prof. Xatz explained that the up-
take is directly from the air., Plants have a mechanism whereby the In-
take of excessive amounts of fluoride from the soil through the roots is
prevented, As little 251 microgram/m} of fluoride in air mey be harmful.

In answer to a question concerning the time necessary to convert SO,
to 80y, the WHO adviser noted that in favourable circumstances it will be
about 1% per hour; thus a concentration of 1 mg/m3, about 10 micrograms/m3,
will be oxidized per hour. The oxidation takes place through the agency
of sunlight and in particular ultraviolet light. An active S0p molecule
is created and enters into the oxidation processs Irradiation in daylight
produces a sufficient number of active SOy molecules to continue the re-
action during some of the night hours.

Another question related to the toxicity of fluorine compounds dis-
charged from factories like fertilizmer and sluminium menufacturing plants,
and to the selection of vegetable plants that could be grown, for example,
in America to be used for food. The reply was that forage crops must be
analysed by fluorine content before being fed %o animels, If the content
is greater than 35 milligrams per kKilogram of dry feed, the forage should
not be used unless it 1s mixed with other feed of low fluoride content to
reduce the total fluoride below the 1imit mentioned.

The question of the effect of radicactivity on plants was ralsed and
the following facts were stressed. Plants act as accumilators of radio-
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active materials. There is much concern over the effects of radiocactive
icdine, strontium and cesium being deposited on or near the wvegetation and
accumilated therein, Plants are fed to cows and radiocactive iodine appears
in the milk, Harmful effects will appear in the fresh milk drinkers, In
such situations fluid milk may be dangerous. Hence, powdered milk might

be used instead, after sufficient radiocactive decay has teken place to
render it harmiess.

A litigation case in Egypt was noted regarding a sult by banana
farmers cultivating near a sulphuric ecid plant. The wind currents ap-
parently caused & one-month exposure of the banana leaf to the supposed
pollutant effect, The case aroused some disoussion, and the usefulness
of chemiocal analyses of leaf samples from the nearby cotton plantation in
conjunction with the banana leaves was further stressed.
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4, OTHER EFFECTS OF AIR POLLUTION
(Visibility Decrease, Soiling, Corrosion, and Neighbourhood Decay)

by

*
Dr. H.C. Wohlers
WHO Temporary Adviser

In Figure 35, the air pollution loss syndrome is depilcted, If we
negiect human and animal health, we arrive at monetary losses from air
pollution within the United States amounting to approximately 30 billion
dollers per year, A curve showlng the comparison of air pollution losses,
not only in the United States but also in Great Britain and France, is
shown in Figure I,

Visibility interference may be best understood by considering the
effects of a dirty automobile windshield upon the vigibility of the driver,
The dirt on a windshield i3 not very bothersome when driving in the shade
or at night when there are nco on-coming automobiles. However, when strong
light from the sun or vehicular head-lights strike the dirty windshield,
the visibility of the driver is impaired. There is almost no light
obscuration; I1mpairment of visibility 1s caused by the intense secattering
of the on~coming light because of the dirt (small particles) on the wind-
shield. The dirty windshield simulates a polluted commmity atmosphere
where maximum visibility reduction occurs, on the unit weight basis, when
the perticles approximate 0.1 to 0.3 microns in diameter, Visibility may
be correlated as a function of particulate matter in the atmosphere, At
a particulate concentration of 100 mierograms per cubic meter, visibllity
approximates 12 miles; at a particulate concentration of 600 micrograms
per cublc meter, visibility approximates 1.5 miles,

As regards the corrosion of metals, sufficient evidence has been
presented to indicate that as the suplhur dioxide concentration in the
atmosphere inereases, the rate of corresicn of most metal also increases.

In the United States, cities with the highest population, and thus the
highest sulphur dioxide emissions, have the highest rate of corrosion of
metal specimens, An exemption fo this statement is that in areas where
natural gas (very low sulphur content} is the prime fuel, the rate of corro-
sion is minimel, In addition to sulphur dioxide and other acidic gases,
the rate of corrosion depends upon temperature, and relative humidity,.

¥ Professor of Environmental Science, Department of Environmental Engineering
and Science, Drexel Tnstitute of Technology, Philadelphia
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Figure 3
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Building stone is atbtacked by sulphur dioxide and acidic gases at a
rapid rate. Dolomitie stone is attacked very rapidly because the carbona-
tes react rapidly to form calcium sulphite which is eventually oxidized to
caleium sulphate, The caleium sulphate} as well as the calcium bicarbonate
which is also formed, dissolve more rapidiy from the stone than the original
dolomite., On the other hand, the grains gneiss and sandstone are cemented
without carbonates and hence are relatively resistent to acidic gases in
the atmosphere. Although in the latter case the stone itself may be resis-
tent to mcidic gases In the atmosphere, the cement used hetween stones is
not resistent and the acidic gases can react on the cement,

Fabrics are affected by gases in the atmosphere, particularly sulphur
dioxide, oxides of nitrogen, and ozone, Experiments have shown that when
cotton fabric is exposed to sulphur dicxide, the breaking strength of the -
fabric is drastically reduced over a pericd of 3 to 6 months, Further the
rate of loss of the breaking strength of the fabric decreases as the concen-
tration of sulphur dioxide increases. Oxides and nitrogen and oxidant
levels adversely affect the colour dyes in cotton fabrics,

Paper and leather goods adsorbe sulphur dioxide almost at & linear rate
to many hundreds parts per million. Analysis of leather and paper anslysed
from 1.5 to 5% sulphuric acid, In another study, the leather safety belt
of window washers analysed 6 to 7% sulphuric acid. In fact, a window
cleaner fell in the line of duby, claiming that the alr pollution had weakened
the safety leather straps, and sued the company for the fall.

Rubber cracks under stress by ozone in the atmosphere, Both the
nurber of cracks and the depth of cracks increase with lncreasing oxidant
concentrations, Silver contact points of relays are alsc badly affected
by atmospheric concentratlons of organic compounds. In the presence of
organic compounds, a resistent crust is formed on the silver contact, in-
creasing the resistence across the contact points eventually causing failure.

Externmal house palnt of the lead base type may darken or blacken within
a length of minutes if the concentration of hydrogen sulphite approximates
0.1 parts per million and the conditions are optimum for such colour change,
A study has shown that the freguency of exterior house painting varies with
the concentration of suspended particulate matter in the air, As the con-
centration of the particulate matter increases, the frequency of repainting
homes also increasesa
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All these effects of air poliutants on inert materials result in a
loss of money to individuals and hence to the countries involved, Tt has
been estimated that these costs fr the United States could bhe as high as
30 billion dollars a year, If only a small fraction of this money was
spent on alr pollution control, there would be a net saving In air pollution
losses by the public.

Summary of Discussions

It was stated from the floor that some of the worst conditions of poor
vigibility (l.e. less than 3 metres) oceur in natural fogs in which the
water droplets are commonly between S0 and 100 microns in diameter,

Dr. Wolders noted that for a given aerosol mass per unit volume meximum
visibility reduction occurred when the particles were in the 0,1 4o 0.3
micron dlameter range.

For larger aerosol particles (i.e. above 10 microns) settling times
can be estimated from Stokes Law but asctual conditlons of wind speed and
turbulence would modify these; below the l0-mlcron size settling was
usually negligible (reference was made to WHD Monograph Series No., 46 for
details).

The effects of reduced atmospheric visibility on automoblle driving and
aceident rates was discussed. It was noted from the floor that in Britain,
studies by the Road Research Laboratory suggest & psychologlcal loss of
speed sense and road orilentation by drivers under severe visibility condi-
tions; this condition frequently resulted in an apparently unconscious
speeding~up, as well as a more or less random crossing of lanes, with a
large increase in accident incidences,

Regarding the feasibility of a standard of visibility index, Dr. Wohlers
noted that under ldeal conditions in clean air, visibility could be in the
order of 50 miles. He said that at least one State in the U.S.A, had
established that any condition in which the visibility was less than 3 miles,
when the relative humidity was below 70%, indlcated a situation requiring
improvement,

It was stated from the floor that in Rumania, a good correlation weas
found between air pollution and problems of arcing elecirical transmission
lines due to reduced dlalectric strength of alr, Dr. Wohlers noted that
similar problems have occurred in the United States, This was more of a



WHO EMRO EM/ES/144
page 33

rroblem, he sald, in dry areas of infrequent rainfall where there were
long periocds for accumulations of alr pollutants on insulators to build
up. These pollutants act as an electrolyte when rains finally ocecur,
Frequent rains were more apt to keep the insulators clean so that this
rroblem does not then oceur.
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5. EFFECTS OF METEOROCLOGICAL AND TOPOGRAPHICAL, CONDITIONS
ON DISPERSION OF POLLUTANTS

by

*
Prof, M. Katz
WHC Temporary Adviser

Introduction

Meteorologlcel processes that participate in the transport, dilution
and removal of air pollutants discharged as waste products to the atmo~
sphere are: stirring and diffusion; fallout, rainout and washout; and
atmospheric chemical and photochemical resmctions promoted by solar radia-
tion, Atmospheric motions, that diffuse gases and aerosol particles and
result In the transfer of momentum, heat and water vapour, occur in most
cases on a scale that is much larger than molecular diffusion., The
transport of matter and properties take place In the form of exchanging
parcels of air called eddies. These consist of random motions that may
be treated statistically on the basis of the turbulent diffusion theory.
On the other hand, non~-random motions, called stirring, may lead to an
increase in the average gradient in a given region, which is subsequently
reduced by diffusion of turbulent mixing.

Relation of Temperature and Wind Structure
to Atmospheric Stability

Temperature structure: Rate of decrease of temperature with height or
lapse rate exerts a marked influence on atmospheric stability,

Dry adiabatic lapse rate, af = approxX. 1°c per 100 metres of altitude
dz
Saturation adiabatic lepse rate is approxe 1°C per 103 to 104 metres
for saturated air.

Superadiabatic lapse rate - The temperature decreases with height at
8 rate greater than the adisbatic rate. In this case verticel motions

*
Professor, Dedertment of 'Cilvil Dngineering, Syracuse,University, Syracuse,
New York, USA
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upward and downward are accelerated and the atmosphere is unstable, If
the environmental lapse rate is less than the adlabatioc or 1f it shows an
inerease in temperature with height, the atmosphere becomes stable or
represents inversicn conditions. Vertical motions are resisted, In-
version is denoted by a "negative" lapse rate,

Lapse rate exhibits a typical diurnal variation in the lower atmosphere,
with clear skies and weak winds. Strong inversions at night may be pre-
vented by stirring due to sirong winds aloft, or by the presence of clouds
or precipitation.

Potential temperature, %E'g, aT , p vhere T is the dry adlabatic lapse rate.
Z dz

e T 45 negative, a parcel of air is in unstable equilibrium,
For similar wind conditions, instability is more frequent and of greater
degree In daytime than et night, and on clear days then on ¢loudy days,

Formation of nocturral inversions may he accompanied by fog if the moist
gir cools below its dew point, Durdng conditions of ailr stagnation, fog and
aceumulation of pollutants, there 15 a marked decrease in solar radiation in
the lower atmosphere,

Wind structure: In the lower atmosphere, up to heights of several
hundred metres above ground, the wind speed "u" varies wilth height, "z",

according to & power law ufuj = (2/27)°; where "p" lies between 0 and 1.
If the environmental lapse rate is adiabatic and terrain is level, with low

surface cover, the value of "p" is approximately 1/7.

In the lowest few hundred metres above ground, the wind speed exhibits
a diurnal variation with a mexirum in the early afternoon, and a minimum in
the hours after midnight. Wind speed is generally higher in winter than
In summer, with a tendency towards maximum wind speeds in spring.

The vector forces which determine the speed and direction of the wind
are the pressure gradient force, the horizontal deflecting force (Coriolis
force), centrifugal force and frictional or shearing stress forces. Wind
speed increases and changes its direction with height. At some height above
the friction layer, the wind speed attains the "geostrophic wind" which blows
in a direction parallel to the isobars with a speed inversely proportional
to the isobar spacing. The gradient wind takXes into account the curvature
of the isobars:,
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Atmospheric turbulence or eddies may be classified as mechanical
(shearing stress) or thermal (convection)s Mechanical eddies prevail
on windy nights with neutral advection. Thermal eddiss prevail on sunny
days with light winds,. FEddies or gustiness types have been classified
in accordance with observed wind direction fluectuations of an anemometer,
The horizontal component of turbulence exceeds the vertical component
and this excess increases when averages are taken over greater time
intervals,

Topogravhy

The topography by virtue of the combined effects of surfece friction,
drainage and radiation modifies the temperature and wind profiles., ILocal
effects of topography are sea-land breezes, mountain-valley winds, fohn
winds, etc.

Large Scale Wind and Tenperature Changes

Most changes in weather elements such as wind, precipitation and
stability, ete, are due to the Primary, Secondary and Tertiary circulations,

Applications to Air Pollution Problems

Meteorological factors and conditions must be assessed in relation to
the following 3

les TLocation of air sampling stations and meteorological stations,
2. Analysis of pollutants - particulate and gaseous; concentration and
frequency distribution in relation to wind roses of speed and direction,

and of atmospheric stabllity or lapse rates,

Non~-turbulent dispersal and scavenging - rainout, fallout and washout
of pollutants,

3. Mathematical models of urban air pollution,

/__‘___,.7 Heating, power, steam
Fuels ,
T Transportation

Ea Inventory of sources —» Domestic fuel use

Tndustrial scurces
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d. Concentration levels of particulate and gaseous pollutants

at sampling stations

es Construction of pollution level contours of urban area and

adjacent areas on maps

f. Relation of average and maximum levels of pollutants, frequency
distribution, etc., to ambient air quality standards for designated

areas

g+ Applicaticn of plume rise and diffusion theory to stack emissions
and esvimated ground concentrations under various prevailing
meteorological conditions for strong point sources and for weaker

line sources or area sources

Sutton Diffusion Equation

Concentration z = o = 2 gm =
TRoyCz u X 0
21 1
Distance X max. =B |55
2
cz
MiRe CONCe 2 = 0 = .29 C2
2
TTe u He ¢y

Gaussian form of Sutton Eguation (Pasquill - Meade)

2
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o o u
v 2z z

G - He
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2

y

o and o are starderd deviations of the horizontal and vertical concen~-

tratioh distributions.

D
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Tn the above equations, "Qn"' is the mass rate of emission of the pol~
lutant, "u" is the wind speed, "C " and "C " are virtual diffusion coeffi-
clents in the crosswind and vertital directions , "™x" is the distance from
source downwind, "y" is the distance crosswind, "n® is a stability parameter
which varies between O and 0.5 and"™d'is the effective height of emission.
Consistent units must be used. '

Factors in Alr Resource Management

Air resource management deals with & system consisting of a variety of
sources and mass emission rates, a wide range of pollutants, a high degree
of variability in the transport and dilutlon or diffusion capacity of the
atmosphere, chemical and photochemical interaction of atmospheric waste
products and differing effects on receptors that consist of living or inani-
mate material, Mmagememt decisions may curtall or suppress emission sources
end protect or remove receptors, But the weather is the most d&iffieult
portion of the system to conirol, except by scientiflc weather forecasting.

The atmosphere 1s a finite natursl resource for the waste disposal of
gaseous and particulate pollutants. Although, in & strict sense, the atmo-
sphere cannot be controlled, it can be regarded as a replenishable resource
as long as a suitable equilibrium is maintained between the input of pol-
lutents and natural air cleaning processes that promote thelr removal by
precipitation, chemical reaction, deposition and absorption by land, water,
vegetation and other receptors. Accumlation of pollutants occurs whenever
this equilibrium ceases to be maintained and the resulis may sometimes lead
to air pollution disasters and other highly adverse gituations,

The primary objective of alr rescurce management is to exploit the
natural capacity of the atmosphere to transpert and dilute the waste products
of population and industry; without the risks attending the deterioration
of the quality of the atmosphere that might lead to economlc losses to proper-
iy of harmful effects on vegetation and health, 'The meteorclogical component
of an air resource maAnagement system must meet the following fundamental re-
quirements :

1. Establishment of the limits for atmospheric transport and dis-
persion of pollutants in a given urban and industrial areas, or’
air resource region,

2e The utilization of the variabilities 1n space and time of atmo-
spheric transfer and diffusion properties to the best advantage
for design and control of sources and for protection of receptors.
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J« A practical definition of the meteorclogical input into the mana-
gement system that will enable it to maintain the established air
quality criteria and standards.

‘e Role of Mathematical Models in Alr Hesource Management

Mathematical model sipmlation of the source - atmosphere system iz use-
ful to assure the following management decisions: (a) specification of
source distributions, (b) control of source rates of emlssion. Two approaches
to mathematical models may be employed @

1. History of air pollution sources (inventory),ambient air quality
measurements and meteoroclogical data may be employed to construct
statistical models of the alir pollution system.

2, A physical model may be constructed from a knowledge of the proces-
ses of atmospheric transport and diffusion and an understanding of
the time and space distributions of emission sources and resultent
Influences on air gquality.

Both, statistical and physical methods may be employed concurrently in
order to combine the predicted variables of this prediction system.

Statistical Models of the Air Pollution System

Independent variables are source strengths and distributions, location
and bullding or chimmey heights, wind speed and direction, lapse rates,
precipitation, cloudiness, visibility, intensity of sunlight and atmospheric
stability classes, etc.

Dependent variables include measurements of pollutant concentration
levels, their distribution and frequency in space and time, elc.

The--solutions reveal predictive relations between these variables and
the exposure history and effects on receptors.

Summary of Discussionsg

See page 40. Combined with discussions of Lecture No. 6.
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6e CALCULATING DISPERSION OF PCLLUTANTS FROM STACKS
by

*
Prof, Ma Katz
WHO Temporary Adviser

Mathematical equations have developed to calculate downwind concen-
trations of stack discharges under a variety of meteorological conditlons.
The dlffusion equations are most helpful for an estimation of ground level
concentrations. 7The equations cannot he used to determine precise calcula-
tions,

The earliest work on this area was done by Sutton based upon a Gaussian
model, Subsequent dispersion equations were developed by Pasquill, Bosanquet,
Holland, and many others, Each equation should be carefully evaluated for
the specific problem,

A comparison of dispersion estimates with actual measurements of gas
concentrations should be made, After such date are obtained, a revision
of emplrical constants in the disperslion equation will improve the accuracy
of the caleulated concentration,

Summary of Discussions of 5 and 6 above

In answer to a gquestlon concerning the proper height of stacks for
dust-emitting industries such as cement works, Prof. Kotz stated that, as
with other types of industries, stack deslgn must be on the pasis of effective
plume height and calculated ground level conecentrations downwind, coupled
with specifications for proposed air pollution control equipment., All
meteorologicael, climatic and topographic information should be considered
and the design should be related to local air poliution regulations, Speci-
fications for a proposed stack should be submitted to authorities for approval.

Asked whether short stacks would contaminate a smaller ground area and,
therefore, be preferable to high stacks, Prof. Xatz noted that his was a

* Professor; Depirtment of Civil Ingineering, Syrecuse University, Syracusee,
New York, USA
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fallacy and that short stacks would result in very high pollutant concen-
trations. Also, since installed dust-collecting equipment has a limited
efficiency, finer dust would still be emitted and would behave as a gas,
Adequate stack height was needed to insure that ground level concentra-
tions will not exceed acceptable values. In general particulate levels
should be less than 100 to 150 micrograms per cuble metre, An industry
may extend its property line to include areas having greater than 100 to
150 wmicrograms per cubic metre, but the visible effects of dirty plumes
may still be objectionable and subject to regulation,

Because atmospheric stability and wind speed will vary, no rule of
thumb can be used for calculeting the distance of maximum ground level
concentration as a simple mulitiple of stack height. 7This must be determined

for a range of wlnd speeds and possible stack heights according to the best
avajlable dispersion theory.

Developing countries would be well advised to survey the meteorological
conditions end. other perbinent background data for use in pollution prevention
planning prior to developing and industrial area., This type of approach for
predicting ground conczuirations under given conditions, whether based on
statisticél models or on physical models, 1s quite sophisticated and requires
the advice of experts.

It a,meteorol¢§ioa} study of an area is made , the known properties of _
dispersicn phenomena can be applied since the basic principles are applicable
anywhere.
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Te NATURE AND AMOUNTS OF POLLUTANTS EMIPTED FROM
VARIOUS SOURCES (STATIONARY AND MOBILE)

by

#*
Dr. H,C. Wohlers
WHC Temporary Adviser

The source distribution for selected air pollutants for the Undted
States in 1965 is shown in Table 3. As noted in an earlier report, three

categories of Industry, transportaticn, and electric generating plants,
account for 80 to X% of the weight of ailr pollutants emitted in the United
States,

Table 3

Source Distribution for Selected Air Pollutants - USA -~ 1965

Percent of Total

Oxides of| Carbon Partic- {Oxides of | Organic

Nitrogen | Monoxlide | ulates Sulphur |Conpounds
Industry 20 s 50 28 25
Refuse 1 2 5 1 7
Transportation 40 92 15 2 65
Power Plants 30 1 20 45
Space Heating 10 3 10 15 3
Total Emissions

106 tonsfyear 8 65 12 23 15

* Professor of Environmental Sclence, Department of Environmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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Figure 5 shows the relationship between population and sulphur dioxide
emissions and concentrations, For sulphur dioxide, there is a direct cor-
relation between emissions and population to approximately an urban area of
6 million people, emliting of the order of 2500 tons per day of sulphur
dioxides Also shown on Figure 5 is the variation between population and
suiphur dioxide levels on a yearly basis. For a population of 5 million
people, the sulphwr dioxide yearly concentration approximates 0.1 part per
miliions The information shown in Figure 5 has been duplicated for oxides
of nitrogen, carbon monoxide, and organic compounds with high correlation
coefficientss, No correlation was found between particulate emissions and
population, although a relationship is available for particulate concentra-
tion and population.

The study of sulphur dioxide between the years 1950 and the year 2000
may be used as an indication of future air quality, It has been estimated
that if the present emission trends continue without air pollution eontrol
measures, the emission of sulphur dioxide in the United States will be more
than double by the year 2000. It may be assumed that if emissions double,
the sulphur dioxide levels will also double, If reasonably good progress
is made towards the control of sulphur dioxide, the air concentrations will
be approximately 25% greater.in the year 2000 than they were in the year
1965, If maximum posslble progress is made in the eontrol of sulphur
dloxide to the atmosphere, the emission of sulphur dioxide in the year 2000
will be less than that in 1965, and hence the sulphur dioxide lewel will be
less than that in 1965,

0f the mobile sources of alr pollution, the automoblle is by far the
greatest contributor, The emissions from automoblles are particularly
significant in those areas which are bothered by photochemical air pollution.
The automeobile glves off large concentrations of organic compounds and oxides
of nitrogen which react in the atmosphere to form photochemical air pollution.
It has been determined that of the weight of fuel supplied to the intermal
combustion engine, 6.5% is discharged in the exhaust, 2.1% is discharged
from the crankcase, and 1.5% comes from the cerburettor and fuel tank, The
exhaust contains the‘highest levels of organic compounds which are most
rhotochemically active. ‘The emission of organic compounds, oxides of
nitrogen and cerbon monoxide vary with the type of driving, englne cycle,
speed of the vehicle, as well as between automatic and manual transmissions.
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Devices are available to control all sources of emission from the
automobile, For the organic compounds which pass the piston ring on
the power stroke (crankcase emissions), the gases are vented to the
carburettor where they are again burned. For exhaust emissions, four
types of control devices have been suggested, a direct flame after-
burner, a catalytic unit, an air injection system, and the Clean Air Kit,
The air injectlion system consists of an alr pump attached to the fan-belt
which forces ailr at the exhaust porte, burning the exhaust gases to
carbon dioxide and water; the Clean Air Kit is an improved tuning of the
engine by modifying the carburettor and the distributor so that the
exhaust levels are below those required by regulation.

In the United States, the diesel engine is not as serious an air
pollution contributor as that of the gasoline engine; only 1 to 5% of
the total vehicular fuel is diesel. In the United States, diesel exhaust
is an odour nuisance. Diesel exhaust could be irportant in areas where
large quantities of diesel fuel are used, Because of the high air to
fuel ratio in the diesel engine, carbon monoxide emissions from the diesel
engine are lower than those of the gasoline engine, organlc compound
emissions are lower, but oxides of nitrogen emissions are higher on a per -
gallon consumed basis.

Standards have been devised by the United States for automobile
emissions, as shown in Table 4, The concentration of carben monoxide in
the automobile exhaust camnot exceed 1.5% by volume and hydrocarbon
emissions cannot exceed 275 parts per million. In the upper half of the
table, the emission limits are expressed in grams per vehicle mile in
contrast to a volume unit, The 1968 standard for carbon monoxide is 33
grams per vehicle mile and the proposed standard for 1970 is 23 grams per
vehicle mile, By comparison, the hydrocarbon standard for 1968 is 3,2
grams per vehicle mile and the proposed 1970 standard is 2,2 grams.per
vehicle mile,

Emissions from statlonary sources may be found in numercus publica-
tions by the National Alr Pollution Control Administration.
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Table 4

1068-1070 Federal Motor Vehiale
Exhaust Emission Standards

Grams per Vehicle Mile
Pollutant Typical 1968 Proposed
Uncontrolled Standard 1970
Vehicle , Standard
Carbon meonoxide T1.0 3540 23.0
Hydroearbons T 3.2 2.2

1968 Federal Motor Vehlcle Standards

Engine Displacement Carbon Monoxide Hydrocarbons
oubic inches % ppm vol,
<5O * *

50 - 100 2.3 410
101 - 140 2,0 350
=140 1.5 275

>*
Unrestricted

Summary of Discussions

There was conslderable discussion In relation to sutomobile emlssions
and thelr control. Dr. Wohlers noted that Public Health Service studles
in the United States over the pasi few years have not shown any dangerous
levels of lead in the atmosphere but that studies on this are continuing,
He said ethyl bromlide was used in petrol as a scavenger for lead (from
tetraethyl lead, an anti-knock agent), This forms volatile lead bromide
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which is blown out in the exhaust, After-burners of various types have
been developed for exhaust control but these are currently more expensive
than other methods of exhaust control; prices of $ 50 for catalytic units,
good for about 12 000 miles of service, to about $ 150 for direct flame
after-burners,; good for the life of the car, were noted. Because of the
wide-range of exhaust flow rate, absorbent units did not appear to be
feasible.

As a substitute for internal combustion engines, Dr. Wohlers said
that electric motors and steam powered engines hold the best promise.
Turbine power units have been developed and these are an improvement over
pilston-type engines in respect to air pollution.

Concerning diesel engines, Dr, Wohlers said the maln problem here is
odour, though perhaps one can also expect more nitrogen oxides and less
C¢0 than from engines using gasoline.
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8, SOME EP1DEMIOLOGICAL THOUGHTS ON AIR POLLUTICN
by
Dre Engelbert W, FPritschi

WHO Professor of Sanitary Englneering
Panlavi University, Shiraz, Iran

Introduction

Among the many research projects which are presently under investiga-
tion, the field of biomedical research has gained thz strengesh impetus in
recent years, Efforts are directed toward conquering the diseases which
alter man's normal ccurse of existence, Although diseases have been with
wen since his existence it was not until the past century that he developed
the tools and technigues to discover the eticlogy and thus control many of
these diseases, There are stlll, however, many diseases whose origin
cannot be readlily determined and hence it is difficult to find the proper
means for the study of these diseases, Many of these discases are, wn-
questionably, the result of the vast advancement of scientifiec technology.

While the epidemlologlical aspscis of most commmnicable dlseases have
been studied with varying degrees of success for mony years, the epldemio-
logy of the non-contagious dlseases have focussed the greatest attention
on the public in the last two decades, Many investigators believe that
the alr pollutlion problem is responsible, to a great extent, for the
increase of non~contaglous epidermies that have occurred in many areas of
the world, Unfortunately the scarch for adegquate proof of the correlation
of disease to 2ir pollution has been greatly hindered beczuse (1) no single
source could be demonstrated as the only cause of the adverse effect, im-
mediate or delayed, (2) in most eases air pollution epldemics were recog-
nized some time after they hed occurred, and (3) no exact disease pattern
could be demonstrated in any of the previous episodes, Hence, the study
of alr pollution epicemics includes a nurber of variebles, in addition to
human factors, that may result in a completely different conception of the
term epidemiology. Perhaps only one certainty exists at the present, and
that is much worlk and effort need to be accomplished for the demenstration
of this complex "ecause - effect" relationship,
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The Problem

In the "classical™ approach of studying epidemics, it hes been
customary to accept the causative role of the mechanisms of bacterial
infeetion. Even if a patient shows symptoms having litile resemblance
to the "classical' reaction, the diagnosis may be defended with the
wnderstanding that the pathologic conditions produced by any infective
process are, among other things, a function of the host tissue, as well
az the activities of the agent and thus an induced risk of error is
recognized,

There are no ready-made recipes to be followed 1n the study of air
pollution, nor is there general agreement among scientists upon the
application of "Koch's postulates" to this problem. But to clearly
establish the fact that an air pollution epidemic is or has been present
the following conditions must be met :

1, There is, or has been, recognized a number of cases of
respiratory illness clearly in excess of normal expectation,

2e The nunber of excess cases demonstrate symptoms of & toxie
effect,

3+ A pollutant capable of causing thils respiratory toxic effect
is, or has been present.

h, All of the cases admitted are, or have been, exposed to this
pocllutant, and

5. There are no other sources which cause, or could have caused,
this epldemic.

In addition the "toxie effect" must be characterized by the manifesta-
tion of symptoms that can be diagnosed by the elinician, The cccuirence
of a toxic pollutant then must be demonstrated by the quantitative and
gqualitative examination of the air, The interpretation that can be drawn
from this study, whether or not a toxic pollutant exists, will also depend
‘upon the association of time and place, Purthermore, the absence of any
other causative agent must be c¢learly ascertained and the effect of the pol-
lutant must be clearly demonstrated. In many cases, air pollution has been
accused of being the cause merely because of the increased prevalence of
nonspeclfic illnesses reported which may be entirely due to the variation
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in severity occurring all the time. Therefore, the most important factors
that must be determined are (1) there must be 2 "population at risk", and
(2)- there must be an "excessive exposure”., But in order to define "excess-
ive exposure" there must be a sufficient concentration of a toxicant pre-
vailing for a certain time pericd in a certain areca and an unquestionsble
toxic effect must occur within this certain time' period. If this condi-
tion can be, or is, met then the validity of evidence for the clarification
of this problem is clearly established.

The Pregent Status of the Epidemiological Aspects

Unfortunately, the above statement in its present form may be too
rigid to be generally accepiable to the sclentist because the above condi-
tions ere not exactly met nor are they applicable to the normal urban
environment, In all known air pollution disasters no single pollutant
ever could be demonstrated as the causative agent. The cause-effect’”
relationship has been demonstrated mainly in the older age groups and in
those persons already suffering from respiratory or cardiovascular disease,
Furthermore, in some episodes a "quick" as well as a "slow" consequence
was observed; and hence would ald to the puzzle of this complex problem.
In addition, the various types of pollution and the varjables existing from
one region to another region greatly hinder any recognition of an epidemio-
logic pattern.

The exlstence of en air pollution epidemic was recognized but too late
in most of the known eplsodes, A review of the "London Epidemic" showed
clearly a sudden increase in the mortality rate in excess of normal expecta-
tion; even though these rates are recognized, albeit belatedly, it is
difficult to retrospectively analyse the situation and, hence to find a
conclusive cause-effect relationship. The other difficulty with retro-
spectlive studles arises in the determination of whether there was & specifice
or a nonspecific chronic disease present and to what extent persopmal atmo-
spheric. "pollution” i,e., "cigarette smoking" contributed to the disease,

In spite of these disadvantages, 1t is evident that the retrospective study
plays & vital role in epidemic investigations because (1) they provide data
that may be useful for future studies, (2) the mode of ocourrence may be
determined more readily, (3) some responsible factors may be detected that
have not been detected’ previously, and (4) some loglcal patterns are exist-
ing and their recognition will ensble the prevention of some future epidemics
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Toxicolegical studies have played an important part in the determina-
tion of the effects of pollutants upon labcratory animals, Of the many
studies that are presently under investigation, studies of the toxic effect
of pesticides, radicnuclides in the air, and the exhaust from moving
vehicles have gained the strongest impetus in recent years. The threat
of these pollutants to the environment has been recognized and, thus, may
be the possible reason for this intensified research. There are, however,
limitations in the evaluation of the results obtained from these laboratory
studies, These limitations are (1) the experiments are performed in a
"econtrolled enviromment", and (2) the very same toxicants may not produce
the same symptoms in animlas as in man. The differences in anatomical
structures and in metabolism of the variocus species used in investigations
play an importent role in the determination of the toxic effect of some
pollutants,. The use of primates in the study of the possible effects of
pollutants has gained much attention in recent years. The close evolu~
tionary relaticnship of these animals to man, and the fact that these
animals adapt well to the outdoors, may result in studies that simulate
more closely the conditions to which the population is at risk.

Possible Future Trends in Epidemiological Studies

The need for further Intensified field and laboratory studies of the
many problems brought about by air pollution is apparent. These studies
are not only justified by reason of humen health, but also by the economic
loss that is associated with this problem and for pure aesthetic reasons.
In many instances unusually strict control measures are imposed upon the
sources of pollution, even though the limitations of the atmosphere in
coping with the ordinary emissions are not well recognized for lack of
knowledge. These control measures forced the industries and the communi-
ties to accept an additional financial burden without really demonstrating
a reduction in the harmful effect to man and his environment. This may be
a reasonable approach to the problem but, needless to say, it alsc causes
a great deal of frustration and, usually, leads to fruitless discussions.
The latter being mainly due to the inability of trapping all wastes from
all sources or because the process 1s uneconomical, This may lead to the
assumption that this type of "nonspecific" control does not satisfy the
requirement and hence the "calculated risk" can be demonstrated again.

The epldemiologists studying the patterns of infectlous diseases have
recognized some fundamental approaches for some time, Some of these

approaches are the intensive elinical study of the disease process, the
demenstration of the agent and its culture, the study of the population at
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risk under different degrees of exposure, and to support their findings
with laboratory experiments., The study of environmental pollution
epidemics has not, unfortunately, developed this classical approach,

The reason for this slow develcpment may be found in the relatively young
problem and also in the complexity.of this type of study. The methods
usually employed in this type of epidemiological study were confined to

the determination of simple incidence and point prevalence of some diseases
and to the calculation of specific mortality and morbidity rates. ‘These
methods are basic, to say the least, for lititle is known about the person,
the place, and the time. Furthermore, little information can be retrieved
sbout the environmental factors that may be, In part, responsible for the
elinical symptoms or for the possible reason of Exitus. It is evident
that the approach to this type of study must be executed on & broad scale
in order to effeciively determine the magnitude of the problem; needless
to say this is not an easy venture,

The primary problem mey be the inability to recognize the disease
entity and thus the possible cause-effect relationship. This indicates
that, regardless of the diagnostic procedures used, any inference drawn
will automatically be received recessive, depending upon the motives of
the individual, Consequently, the investigator should rely for his
indices on those disecases that are suspected to bear a relationship to the
prevailing atmospheric conditions. To do thls the atmospherlic conditions
must be analyzed with respect to the type and magnitude of air pollution,
and to meteorclogical patterns, This analysis may prove to be difficult
for there are many varisbles that must be taken into consideration. But
if and when these two conditions are met, then the causal relationship of
sgent-disease may be established, provided that the responsible "reservoir"
of the agent can be found. This might be very diffiecult to prove for
there are many different materials found in air. Unless the mode of
transmission can be clearly demonstrated, which is peculiar to one agent,
it is unlikely that the presence of air contaminants can be shown as the
primary cause and not merely as being & possible contributing factor.

To better understand some of the aspects of the epidemiology of air-
borne outbreeks, it appears necessary to refine and to expand the data
on incidence and point prevalence, This does not, necessarlly, réquire
a sophisticated method for a statistical analysis of the data, but should
be directed more toward comparing different sample populations which are
exposed to different levels of the environmental conditions. The degree
of susceptibility of an individual to air pollution should alsoc be estab-
lished with particular emphasis to the specific age groups, the socio-
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economic level, the geographic location, and his habitats, Ancther factor
that must be included into this data is the type of work the individual
performss This may lead to a better understanding of the clinical find-

ings.

As mentioned previously, in most known episodes the most affected
people were the elderly or those persons with chronic respiratory or with
cardiovascular symptoms. Consequently, the determination of the age-
specific attack rate will result in the best index of the problem, parti-
cularly when compared to other population sanples. The soclo-economic
level of the sample may be of greatest interest to the study because it
may reveal several important factors. These factors may include the type
of housing, the degree of susceptibility within one group, the nutritional
level of the sample or of the population, and the living pattern of the
individual in the sample. The geographic location of the sample i1s
important because (1) wnusual topographic features will determine the
greatest possible variation in the amount of exposure, and (2) the meteoro-
logical conditions vary greatly from one place to another.

Carefully planned and executed lasboratory studies will greatly enhance
the success of any field study. The present status of laboratory investi-
gations is not overwhelmingly optimistic; the problem though is not an
easy one. DMore investigations must be performed with animals that resemble
more the patho-~physiologlcal patterns of humans, and more studies must be
conducted under more natural environmental conditions. With a gain in
sclentific knowledge from these laboratery investigations a better under-
standing of the epidemiological aspects in air p@llution will be achieved
and new and better tests will be developed for a more precise dlagnosis of
the discase,

Conclusion

It is appreciated that the study of the epidemiological aspects of
"airborne contaminants" 1s not an easy venture nor is it an inexpensive
che, The solution to this problem has not been answered satisfactorily
even though some progress has been made in recent years. Bubt the need for
further study of this complex problem is apparent, not only by those few
idealistic investigators who are dedicated to science and to this society,
but every individuael can and must help, if only for the sake of his own
comfort, Filnally, it is hoped that this statement of the problem may
help in securing the concern and the thoughts of the individual for an
emphatice support to a "reasonable" solution of this paramount problem.
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Summary of Discussions

Prof. Lawther said that Dr, Fritschi’s definition of epidemioclogical
work should be enlarged to embrace long-term studies of disease among the
people as well, He agreed that many air pollution effects will be
successfully handled only on an epidemiclogical basis and he noted a need
to standardized questionnaires on symptom complexes. He felt that cohort
analyses would also be valuable 1n air pollution studies, It was not
always necessery, he saild, that a specific toxlec chemical be identified
but that non-specific factors can also be used. Dr, Fritschi, in reply,
was of the opinion that the study of long-term effects among industrisl
workers was more properly related to industrial hypiene,

Prof. Katz noted that the Costa Rica air pollution episode was the
only cone in which a specific cause-effect relation was clearly demonstrated,
In acute cases, he felt, it is sufficient if one can show that an cccurrence
of air pollution coincides with a rise in the number of deaths. It is
more important, he felt, to measure the day to day effects of air pollution,
using not oniy epidemiological studies but all aspects of toxleology and
related diseciplines as well,

Dr. Fritschi noted the early study of John Snow in 1849 in the case
of the Broad Street purp in London and cited this as a classical epidemio-
logical study in sanitation. Prof. Lawther agreed with this and commented
that John Snow had spotted cholera cases, noted their relation to the use
of the pump and broke the cause-effect chain by pulling the handle off the
pump - "this is what we should do in air pollution", he said.
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9. AIR POLLUTION PROELEMS IN EMR COUNTRIES
by

Mre LeJe Lovelace
Regional Adviser on Envircnmental Health
WHO FEastern Mediterranean Regional Office

Introduction

The interest of the World Health Organization in air pollution prob-
lems both at the international level and, in particular, in the Eastern
Mediterranean Region stems from its duties to assist Member States in
taking appropriate measures for the protection of health and the control
of the environment, .This interest is underlined by the responsibilities -
asslgned to the Environmental Pollution Unit of WHO, the functions of
which, in respect to ealr pollution are as follows (WHO Document EH/68.1):

"To collect and disseminate information on the inereasingly com-

plex problem of air pollution, with special rqference to the
situation and trends in industrial areas and large towns, and
facilitate exchange of information. To provide technical guldance
on the prevention of air pollution and encourage the training of
qualified personnel. To advise on alr pollutlion control measures
by technological and other means, such as administrative regula-
tions and urban planning, and stimulate relevant work in this field."

In accordance with the recommendations of the first WHO Expert Com-
mittee on Alr Pollution, particularly in respect to the collection of.
information on sources of pollution and their control, and of further
meetings ineluding the second WHO Expert Committee on Air Pollution, which
upheld and elaborated upon the conclusionsof the first one, the interest
of a number of countries of this Region was arocused and requests for WHO
assistance were made to the Regional Office, with a view to surveying air
pollution prohlems snd submitting eppropriate recommendations for control
and in some cases simply for prevention. WHC was glad. to co-operate and
agreed to their request with the result that a mumber of WHO consultants
have vislited at least six countrles of the Region to carry out air pol-
lution studies, Their reports have been published and some of them have
been distributed to the participants,
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It is realized that a complete survey of alr pollution problems in
the Middle East camnot be made at once. This will take time; but from
the WHO reports already published and from the reports of WHO project
englneers, information has been gathered from which it appears that the
air pollution problems in this Region are, in general, not severe. 'They
may be related more specially to the following:

Motor Vehicles

Motor vehleles are one of the maln sources of air pollution and of
complaint in many parts of the world. They discharge into the air tons
of pollutants, whilch interfere with cur comfort and can be detrimental %o
our health. It is worth indicating in this respect that in 1966 in the
United 8tates motor vehicles discharged into the atmosphere 66 million tons
of carbon monoxide and 12 million tons of hydrocarbons. As is well known,
carbon monoxide can be gulte toxic and hydrocarbons are very important in
the formaticn of photochemieal oxidants,

In the same context, it 1s of interest to note that, acecording to a
study made in California, about T0% of the emission of hydrocarbons from
motor cars come from the carburettor and the tank, and are lost through
evaporation.

This study verifies that an improperly controlled vehicle will waste,
as unburnt or partly burnt fuel, one gallon out of every ten gallons put
into the tank, This may be unbelievable but it is a faet. This amounted
in Teheran in 1964 to a loss through evaporation of about 28 million litres
of petrol, 'This quantity has, of course, now greatly increased and may
well have reached in 1968 60 million litres, The lmportance of controlling
emissions from cars, even if it be only from the economic standpoint, is
therefore obvious.

In general, air pollutants emissions from motor vehicles represent a
problem in many countries, especially in the highly industrialized cities
of Europe and America., In most of the Middle East countries, however, the
situation does not appear to be sericus. This is reflected in the WHO doccu~
ments mentioned above, The information provided in this respect is summa-
rized below:

Situation in Cyprus

In Cyprus, which was visited by a WHO consultant in 1967, the records
show that the total number of vehieles licensed in 1965 was about 70 000
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ineluding 4 000 of the diesel type. The estimated consumption of fuel was
approximately 120 000 tons/annum which represents an equivalent sulphur
dioxide release to the air of about 2 000 tons/snnum, This has indeed
very little significance. In fact, the total release of S0, for 1966 for
all the fuel from petroleum products used in the whole islan% was not more
than 12 000 tons/annum, for a totel fuel consumption of about 350 000 tons,
which is low, The conclusion of the survey is that there was no particu-
lar problem in relation to motor vehicles, The growth of traffie in
Cyprus is typlcal of a developing country in which people appear to have
inereasing means and increasing standards of living. Scme advice was
however given regarding the operation and maintenance of diesel vehicles,
as they are likely to give off black smoke, which may, at times, be very
obJectionable,

Syria and Jordan

From WHO fleld staff reports it was learnt that in Syria and Jordan
the further import of diesel vehicles has been prohibited by law. In
Amman records show that in 1967 there were 4 600 diesel vehicles out of a
total of 19 00C licensed vehicles, The liquid fuel consumed is produced
at the Jordan Petroleum Refinery and the total production for the country
was 393 000 tons for 1967 or about as much as is used in Cyprus, There
is really no serious alr pollution problem to report here.  However, com-
plaints about diesel vehicles exhaust have been reported, and it is assumed
that this was one of the main reasons for prohibiting thelr further importa~
tion,

Tn Syria the total amount of petroleum consumed in 1968 is given as
1,58 million tons epproximately, ineluding 800 0CO tons or slightly more
than half for gas oil. Information is not available at the Regional Office
conceérning the problem of diesel vehicles in Syria but it may be assumed
that complaints could have been recelved in this respect, resulting in the
present prohibition of the lmport of diesel cars,

It should be pointed out in connection with pollutant emissions from
motor vehicles that both petrol and diesel-vehieles do not emit nitrogen
and sulphur oxides to & great extents From WHO Document WHO/AP/6T.28 on
the Public Health Aspects of Air Poliution from Diesel Vehleles it may be
_seen that "the sulphur content of petrol is sufficiently small to be ignored
but diesel engine fuels commonly contain sulphur compounds equivalent to a
sulplur content of the order of half of one per cent. Even so¢, the amount
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of 802 emitted under normal operation is usually regarded as sufficiently
small to be discounted as an air pollutant except, possibly, in cirecum-
stances where ventilation may be inadequate,®

Teheran - Tpan

The situation in Teheran was studied by Mr. Schueneman (reference WHO
@ocument EM/ES/B2) who provides relevant recommendations for the abatement
and eventual control of the dlesel vehicle probliem.

As at July 1965 there was already in this capital city about 7 500
diesel buges and cars cut of a total of 77 000 vehicles. Approximately
375 Q00 m of gas oil were used in the city for an equivalent SOp release
to the air of over 6 000 tons per year, the total release of SOp for general
fuel consumption in Teheran being 47 000 tons, This is relatively, not
very much, but what matters most, as pointed out by Mr, Ireland (reference
WHO @ocument EM/ES/O4) is not the emission of sulphur diocxide, but the
concentration reaching the lungs and it will be interesting to have the
results of the monitoring programme for this gas, ‘The total mass emlssion
is not high, at present, compared with many modern cities, but it may
inerease with increasing industrialization unless natural ges becomes
avajlable in large quantities.

The problem of diesel engines as related to air pellution is discussed
in WHO document WHO/AP/67.28, This document stresses that there is no
Justification for the attacks so fregquently made against the diesel engine
on the grounds of its supposed effects on health. It is true thaet smoke,
although harmless, is accompanied by the formation of carbon monoxide and,
in this respect, the continuous emissions of thick black smoke by an engine,
labouring at the limit of its power, is both harmful and unnecessary, However
if a diesel engine ineluding its fuel pump is well regulated and maintalned
and the vehicle is well driven this is not likely to occur, As pointed
out in the document, the very dense smoke should be blamed not on the engine
but on the misuse of 1t

On the other hand, it rmust be mentioned that carbon monoxide emissions
which are so dangerous in heavy traffic, come mainly from petrol-driven
vehicles, and hardly at ell from diesels. Tn 1966 there was ten times as
mich carbon monoxide emission in the United States frrom automobiles than
from all the other sources combined, Tt will be recalled that carbon
monoxide 1s very toxic and will kill at high concentration. At about 100 ppm,
a concentration of which was found occasionally during observations in heavy
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traffic in Oxford Circus, London, and in Detroit, meost people experience
dizziness, headache, and other forms of COp poiscning. The "seriocus level"
of earbon monoxide, in the ambient air, adopted in the United States is

30 ppm for 8 hours or 120 ppm for 1 hour, the "serious level" being defined
as the level at which there will be alteration of bodily function.

The Smog Problem

Photochemical "smog" 1s another type of air pollution problem to
which reference should be made in connection with motor vehicles, It
resulis from the reaction of nitrogen oxlides and hydrocarbons in the pre-
sence of sunlight, Smog can severely damage crops, reduce visibility,
irritate micous membranes and reduce resistance to respiratory diseases.

It has been cobserved in a number of citles in the world and particularly in
Los Angeles where hydrocarbon emissions are very great, Seventy per cent
of them come from the 3 1/2 million cars circulating in the city.

ILittle information is at present available at the Reglonel Office
concerning photochemical smog in this Reglona It is thought that this
type of air pollution may only occur in a few eities, possibly in Cairo or
in Teheran where, as reported in WHO document (reference EM/ES/82), the
general air pollution by nitrogen oxides and hydrocarbons might have,
already in 1965, reached levels high enough to cause photochemical smoge

Industrial Sources

The present information available regarding air pollution from indus-
tries in this Region is confined to the situation in Lebanon, Xuwait, Cyprus
and the City of Teheran

The problems appraised were often localized, as for example the Herl
Cement Factory in Lebanon. As such they did not affect a great section of
the population. However, in other cases the pollutants from the stationary
sources were lmportant enough to call for strong recommendations on the part
of the consultants towards their abatement and control. Such was the case
in Kuwait for the Chemical Fertilizer Company. A brief account is given
below of some of the main sources studied.

The Cement Industry

Both in Lebanon and Teheran, there are a number of cement factoriles
which were the cause of complaints from the population, especlally in Lebanon,
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It will he recalled that the manufacture of cement is a dust-forming
operation and that the complete elimination of dust is practically impos-
sible. The most serious preblem from a technological standpoint involves
dust separation from the hot kiln gases.

In all the countries involved in the study, cne of the main problems
was, in effect, the lack of dust arrestors in the kilns resulting in im-
portant emissions of dust. The consultants have reported observing very
dense plumes of dust being emitted from kiins, Without exception no tests
were made to determine the dust lcad in the waste gases, The dust problem
remains important and it 1s suspected that dust concentration is often above
the recommended amount of 450 mg/m’. It must be added that cement 1tself
may also create a nuisance even greater than the dust from the kiln gases
and every effort should be made to restrict cement dust from being blown
about. However, it is satisfying to note that in all the countries visited,
the packing and cement clinker grinding sections were fitted with bag filters
which are very effective.

The other problem was the emission of hydrogen suiphide about which
complaints were received In Lebanon and Cyprus. With the exception of the
Lebanese plants, all the cement factory kilns mentioned in the consultants'
reports were not fitted with oxygen indicators to determine the oxygen con-
Yent. _Finally, it was noted that In all cases the chimneys were not high
enough to ensure perfect dispersion of the gases, As may be recalled,
hydrogen sulphide can be toleratcd up to a concentration of 5 ppm in the
flue gases if the chimmey is high enough.

The situation described above will not necessardly be the same else-
where, but the general recommondations made by the WIIO consultants can be
useful. They concorn the nececsity of carrying out tests on waste gases
from the kilns to determine whethsr dust arrestors are required, the need
to provide bag-filters to cement-clinker and grinding sections and to meke
systematic tests for hydrogen sulphide. All new killns should be fitted
with proper indicating znd control instruments to maintain oxygen content at
the correct level of 1.5% to 2% minimum, and should have chimeys with
adequate height and with an efflux velocity not less than 15 m per second
at maximun production,.

Brick Factories

This problem is mentioned as it constitutes quite z nuisance in Baghdad
as well as in Teheran and possibly in other cities of the Middle East,
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Reports from WHO staff in Iraq state that great concern has been expressed
by the authorities regarding brick factories to the extent that it has been
decided to gradually elimihate them from the ecity's boundaries., - According.
the the WHO Engineer's report, the brick factories are very conspicuous with
their thick black smoke indicating the type and extent of the air pollution
preoblem created,

In Teheran, the situation is about the same, It has been reported
that there arewell over 200 brick factories in Teheran, Nearly all the
kilns, in which the bricks are baked, are fired with a mixture of coal and
0il which is heavy oil containing an average of 3 of sulphur. The Idlins
produce a dense black smoke during a high percentage of the time they are
fired. Some of the kilns are fired exclusively with heavy oll and air is
injected into the furmazce under pressure with the use of an alr compressor,
The proportioning of air ard o0il is sald to be controlled by hand. The
smoke problem is considered severe and the decision has been taken to
encourage owners to move the brickworks for several kilometres to the south
of the existing bricks~fields and eventually into the desert.

Ancther observation made concerms the helght of the kiln. chimmeys,
Most of them have a brick stack about 30 metres in height, a few of then
are only slightly higher than the kiln, The chimey will normally provide.
natural draught to assist combustlon and its height and diameter are deter-
mihed by the amount of draught required and the velocity of gas passing
through it., If low chimgeys are used, draught must be provided by fans.

The two WHO Consultants who studied this problem are of the opinion
that 1t is-possible to obtain & better combustion by using in the first
place either cozl without additien of cil or by using a recognized grade
of o0il, and then by applying well known principles of eombustion to the
desigﬁ and operation of the ccmbustion eguipment. In short, consideration
mist be given to proper'air-fuel ratios and proper mixing and to sufficlent
ignition temperature and sufficient time to burn all the fuel. If required,
after-burners may be used. The above will apply to the various other light
industries either in Teheran, such as the plaster works, or in some of the
other countries visitad by the WHO Consuitants,

Smoke will remin for somz time o come the public enemy number one in
the field of air pollution. Historically, the first air pollution ordinan-
ces were concerned wlth srmcke abatement, bscause of 1ts widespread cccurrence,
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Although smoke reflects man's industrisal progress, the scientist knows
that 1t also shows man's inefficilency in converting fuel resources into
useful energy. He alsc knows that technology 1s advanced encugh to solve
the smoke problem satlisfactorily. ILet 1t be hoped therefore that the
action required will be taken as soon as feasible to clean the air of such
impurities,.

Refineries

WHO has little informetion concerning the air poliution problems
created by refineries in this Region, From Baghdad it is learnt that
the usual complaint concerns the unpleasent smell coming from gases emitted
by the Daura 0il Refinery, In the immediate vicinity of the factory,
damage {0 car paint has been observed.

I% 1s realized that HoS and the sulphur oxides, including probably SO
which would change into sulphuric acid in the atmosphere, are all involved,
but no analyses of the flue gas have been made recently.

Air pollution problems related to refineries have also been reported
in Kuwait but no measurement could be taken of the important gas contaminsnts
for lack of measuring instruments.

However SOo and HoS were intermittently smelt in some areas of Ruwait,
particularly in the Shuaibah area, Ground level concentration of gases Iin
suspected areas was estimated on the basis of stack design. They were found
to be above usual concentrations (reference WHO document EM/ES/118). Note
was also taken that one of the sources of alr poliution was created by groumd
flares producing huge amounts of black smoke.

It is believed that similer air pollution problems related to refineries
will be found in varying degrees in many other countries of this oll-rich
Region, It should however be stressed that oil refineries have considerable
air pollution potential and that great care and skill should be exercised in
their design and operation.

This 1s a fleld for specialists and the petroleum industry needs many
of them, as do the governmment authorities concermed with alr pollution control,
Tt may be noted that the new Air Pollution Engineering Manual (US PHS publica-
tion 99%-AP=40) provides a number of suggested measures for reduction of air
contaminants from petroleum refineries and thoroughly discusses various waste-
gas disposal systems., ‘This book which ia in the list of background docu-
ments for this Seminar should prove very useful to air pollution control
engineers and specialists,
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It may be of interest to note that improvements in petroleum refine-
ries' technology are reducing refinery emissions considerably - waste-gas
flares for instance which are used to dispose of gases collected from smpll
leaks werc once a source of great amounts of smoke, as is at present the
case in Kuwait. Now they are mostly of the smokeless type, as air or
steam is injected into the flares to promote combustion. Also the reco-
very of sulphur, conbtained in the crude cil, 1s widely practiseds Sulphur
recovery efficiency as high as 9% has been reported.

Solid Wast~s Disporal

A special case of solid fuel burning which, from the point of view of
alr pollution control, has some importance In many c¢ities of Eurcpe and
America, is the burning of refuse by industry and specially by municipalities,
This problem may not be severe 1n the counbriles of this Reglon. However, it
should be noted that, &t present, in almost all of them refuse disposal con-
sists of open dumps and/or open incineration only. No inecinerator is appa-
rently used except in Cairo where about 10% of the solid wastes can be accom-
medated in a smell incinerator. Elghty per cent 3 d'sposed of by sanitary
landfill and 10% is trensformed into organic fertilizer.

The table below summarizes the situation in some ¢ities of the Rastern
Mediterranean Regilon of WHO:

Distonee o
it o od
City Disposal Tons/day Dirnosal Meth
Aden (P.ReSoYo) 21 ¥m approx, 20{Cpen dump, open inecineration
Baghdad (Traq) 9 end 5 km 1 650 Open dump, partial ineineration
Chittagong 11 km 170 Open dunp, loter destroyed by
(E. Pakistan) fire
Damaseus (Syria) 12 km 200 Open dump, open incineration
Khartoun (Sudan) 8 Im 230 Open durp, open incineration and
fiiling borrow pits after huming
Riyad 20 km 210 Open dump, later destroyed by
(Saudi Arszhia) fire then covered with sand
Teheran (Iren) 25 Im 950  |Open dump
Zerka {(Jordazn) 6 km 2 650 Open dump
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In the case of Baghdad and Zerka, where open dumps are relatively
close to the city and the refuse collected more important, open burning
of refuse, if practised, is likely to create a lot of nulisances, speclally
smoke which would add to the general air pollution problem of these cities.
If refuse is to be burned, properly designed incinerators should be built,
preferably of the multiple chamber type. If, on the cother hand, refuse
is disposed of by sanitary landfill, which 1s still one of the hest known
methods of s8olid wastes disposal when adequately carried out, there will
be practically nc air pollutant emission.

These questions were dlscussed in the recent WHO Short Course on the
Collection and Disposal of Solid Wastes, held in Damascus, and should be
kept in mind, specially where alr pollution is of concern, when planning
for better municipal waste disposal systems.

Dustfalls

In addition to man-made air pollution, the degree of which varies from
place to place, the countries of thls Region are in general suffering from
another great problem due to natural causes, the sandstorms, against which
very little if anything at all can ever be done, It is interesting how-
ever to mention the studles carried out in Kuwait by a WHO consultant to
determine as exactly as feasible the amount of deposited dust from sand-
stormss, (Reference WHO document F{/ES/118).

For the purpose of this study collection of dust was made for the last
twenty~two days of May 1968 and the resulis corrected for the whole month.
The dustfall collectors usced consisted of 1 litre eylindrical glass beakers,
about 2/3 filled with distilled water. A table provided in the report
shows that the average of nine stations excluding the Shualbah industrial
area and the fertilizer plant area was in the order of U400 tons per square
mile, which is very high indeed. Dustfall would of course be much higher
in the above two areas, (exactly 721.8 and 1464,0 tons respectively),
because of the additionsl pollutants from the industries. In comparison,
it may be recalled that the average dustfazll for some clties, as given in
WHO Monograph No, 46 on Air Pollution is as follows:

London: 97.1, New York: 85.8 tons per square mile, which shows how
important the dust problem is in Kuwalt.

The immediate offect of the storms is the decrease in visibility, the
effect of which is so vitsl in various ways, speclally in comnection with
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plane landings and automobile accidents. The same document shows that in
Kawait the visibility is clear, being not more than 50 km, during 18.,2% of
the year only, and less than 5 km or 3 miles during 6.2%.of the year, The
latter is the adverse level according to the Standards for Ambient Alr
Quality adopted by the California Board of Public Hpalth. This situation
is perhaps the same in Qatar and the other cities along the Gulf.

Another interesting study waes published last year in the magazine
"Atmospheric Environment"™ by the Pergamon Press and concerns the dustfall
caused in Cairo by the spring storms known as the "khamsin" storms. The
study was undertaken by Dr. Abdul Salam and Mr, Sowelim, of the National
Research Centre of Cairo. Cylindrical glass beskers, 17 cm high and 9.5 am
diameter were used for the study. The jars were changed every morning and
evening, but if a storm should pass, the Jars would be left in place until
the weather cleared, Dust ccllected should consequently represent the
dust deposited by the storm,

The results show that a very great amount of dustfall was collected.
The figures obtained in tons per hour per square mile are 0.96, 1.95 and
1l.41 for the three types of storms classified as coming respectively from
the Mediterranean Sea, North Africa Coast and Central Africa, This amount
is indeed considerable and the solution has been proposed by the authors
that the Kattara Depression, which is on the way of the khamsin storms and
appears to contribute a great deal to the amount of sand in the spring storms
of Cairo, be filled with water from the Mediterranean Sea. It is thought
that "the filled depression would be a source not of dust and sand but of
water clouds and in this way might diminish the volume of dustfall during
the spring season".

It cannot yet be known for sure whether this solution will help to a
great extent in the abatement of Cailro dustfall during the spring, but the
dustfall problem exdsts in sufficient degree not only in Egypt but in most
countries of this RHegion to justify taking more effective action by all the
authorities concenred with a view to preventing additional pollutants from
being discharged into the atmosphere, The dust-storm problem is in effect
unsolvable, and it will certainly pay very much not to add to it.

It is true that dustfalls have been occurring for centuries in the
Middle East and that the pecple have learnt to live with it, but it is like-
wise true to state that industries are now expanding everywhere in this '
Reglon, polluting the environment, and that definite steps should consequently
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be taken to control these sources of man-mede air pollution. This would
very much prevent the atmosphere from approaching the limit of its capa-
eities to absorbe contaminents and would indeed provide for the very
protection of the health of the people. To that end, the World Health
Organization will endeavour, in many ways, notably in helping {to train
gualified alr pollution persomnel, to be of service to the Member States
concerned,
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10. STATEMENT OF THE PARTTCIPANTS

Following the exposé of the situation in this Region, as per documents
available at the Regional Office for the Eastern Mediterranean, the parti-
cipants submitted up-to-date descriptions of the air pollution problems in
their respective countries. These included statements from Iran, Iraq,
Kuwait, Lebanon, Pakistan, Southern Yemen, Sudan, United Arab Republic,
Rumania and also Turkey, which is considered, geographically, as belonging
to the Eastern Mediterranean Region,

IRAN

1, The sanitary action being taken throughout the country to solve air
pollution problems 1s as followss

In accordance with the recommendations made by the "National Air
Pollution Seminar" in November 1966, sanitary protection was carried
out on air pollution from all possible sources, such as factories, work-
shops, premises, brick, lime~-gypsum kilns, etec., throughout the country,

2. The monitoring programme in Teheran is summarized below.

D The future action concerning air pollution in Teheran is as follows:

Within the flve-year and twenty-five year town plan for Teheran,
construction of':

a, Natural gas pipe

b, Underground (metro) transportation

¢. New site for heavy industries and brick factories
d. Highroads

e, Artificial forests.

The above would solve the problem of air pollution in Teheran.
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4, The future programme of air pollution control would be:

~ To extend the Teheran air monitoring programme through general studles
to individual plants,

- To extend the monitoring programme on alr pollution to other industria-
liged towns, such as Abadan, Isfahan, Tabriz, Xaraz.

Summary of Air Pollution Assessment and Control
in Teheran, 1966-1969

i, Population and areas

Teheran has an area of 240 square kilometres, 3 million population with
5.6% population growth,

2s Study on meteorclogy and topography of Teheran.
%, Major sources of air pollution:
Cement manufdcture, motor vehicles, general fuel oil combustion,
small air pollution sources, refuse collectlon and disposal, brick,

gypsum, lime manufacturing.

4, studies on air pollution:

Total suspended particulate sampling anhd analyses 204
Soiling potential of atmospherie pollutants and analyses 5o
Deposition of dust sampling and analyses 16
Sulphur dioxide sampling and titration 450
Carbon monoxide measurements 1549
Carbon dioxide measurements 153
Vehicle eount 122186

S Air quality data:

Measurements taken from 20 Merch 1967 to 20 March 1968,
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5.1 Tobal suspendsd particulate matter:

The nuber of samples taken in three stations in Teheran by three
high-volume air seamplers was 344,

Maximum conecentraticn of tobal suspended particulate matter from
20 March 1967 to 20 March 1968 in Sepah Square Sampling Station was
970 pg/m3 and minimum concentration 140 pg/m3,

5,2 Solling potential of atmospheric pollutants:

The number of samples taken in three stations by three daily
volumetric samplers was 34,

Maximum concshiration of soiling potential of atmospheric pollutants
in Teheran in Sepah Square Sampling Stations was 500 ug/'m3 and minimum
concentration 50 gg/mj

5.3 Sulphwr dicxide:

The number of samples taken in three stations by three daily
volumetric samplers was 344, 'There is a very close resemblance
between the increase of kerosene consumption and the increase of
dosage of sulphur dioxlde in Teheran., Maximum sulphur dioxide con-
centration is around 185 }.Jg/'m3 and minimum concentration 10 pg¢h5.

B.4 Carben monoxide:

1059 carbon monoxide measurements we»e made by squeeze tube carbon
monoxide detector at different times of the day (9.30, 11.30 13.30 local
standard time)., Iaxirum concentration is 100 ppm and median average
20 ppme

5«5 Dust deposit

Eight samples teken in three stations by dust-~fall jars show great
variation in depcsition of dust in different areas of Teheran., It
varies between G1~489 tons per square mile per month and 306-518 tons
per square mile psr month.
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Be6 Carbon dioxide:

The measurement of carbon dioxide in Teheran was made by the
gas~chromatographic method in the Teheran University Nuclear Centre.
Tt is measured in fifty main points of Teheran at three different
times of the day and night (8.00, 13.30, 20.00 local standard time),
The variation of 002 in the air was between 0.009 to 0.062%,

Alr pollution control in Teheran

6,1 Development of green areas
6.ls1 Teheran has got twenty-five parks and children's gardens
of an area of 3 056 000 m. The average area per inhabitant is
equal to 1 me.

6.1,2 Arboriculture

A total of 100 000 trees were planted by the Municipality
of Teheran during one year from 20 March 1968 to 20 March 1969,

Gels® Parks and squares under design

A number of seven perks and squares of an area of 50 000 m2
were designed and technical plans were prepared during the year
from 20 March 1968 to 20 March 1969,

6al.lt Parks and squares under construction

A number of forty-two parks, squares and boulevards are
under construction. Siting, design, and technical plans are
being made for twenty new parks in Teheran,

6.1.5 Development of artificial forests

The report made by the Minlstry of Natural Resources indi-
cates that the area of artificial forests in the suburbs of Greater
Teheran has been extended very greatly. Table 1 shows the area
of artificiel forests during the years 1964 to 1968,
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Table 1
Development of Forests
March 1964 50 000 m2
March 1965 950 000 m2
2
March 1966 1 560 000 m
March 1967 6 500 000 ma
2
March 1968 2% 760 000 m
March 1969 23 760 000 m°
2
plus 17 000 000 m under development:

6.1.6 To control sand movement in the arees between Abardage,
Desert and Saveh area, arboriculture plantation of 11 Q00 000
in the area between Abardage and Desert and 10 000 000 ¥ in
Saveh area, 75 km far from Teheran, has started,

6,2 Demolishing of brick, lime and gypsum kilns

The existence of brick, lime and gypsum kilns in the south and
south~east of Teheran was the main source of air polliution.

The Ministry of Public Health with the co-operation of the other
Ministries and organizations and the Munlelpality of Teheran took a
very strict step to demolish brick, lime and gypsum kilns, which were
built in prohibilted areas. The first official action started in
19 July 1966. During twenty months, the number of sixty-eight Hoffman
pbrick manufacturing kilns, 365 gypsum manufacturing kilns and 17 lime
manufacturing kilns have been demolished, after continuous official
action.

* F * X%

IRAQ

Alr pollution is not considered as a significant problem in Iraq at the
present time, but it should be regarded as a potential danger in the near
future as the numher and types of factories and the use of motor vehicles
inereases rapidly. No studies of the amowmt and types of air pollutants are
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undertaken yet, but they are mostly those that come from fuel combustion
(industries and motor vehicles) and sand storms. Most of the factories
in Baghdad arca are near or among the residential places, The possibllity
of air pollution in Baghdad City comes from brick factories, oil refineries,
cement and asbestos factories, edible oils and detergent factories, power

houses, rallway stations, motor vehlcles and other small industrial establish-
ments.

The master plan for Baghdad area will be of great help in reducing the
amount of air pollutants; the brieck factories are to be transferred gra-
dually outside the ¢lty in the industrial zone, It is also plamned that
large industries be constructed in different parts of the country., Natural
gas will bz used in the near future instead of petroleum products as a source
of power. Work started to surround all the cities with belts of trees to
ninimize the effects of sand storms.

* % ¥ X

KUWAIT

Topography and population

Kuwalt is a falrly flat country with no mountains and it lies at the
northern part of the western side of the Arablan Gulf just to the south
of the Republic of Trag and north of Saudi Arabia. The inhabitants of
Tuwalt, according to the last census, are 467 339 as compared to 206 437 in
the census of 1957. So the rate of inecrease of population in eight years
was almost double, This is due to two factors: (1) increased migration
into the country and (2) the high birth rate.

The nunber of non~-Kuwaiti inhebitants is 247 280. The working popu~
latlion amounts to 68 433 of whom 6 858 are Kuwaitis and 61 575 are non=-
Kuwaitis. In the latest manpower survey carried out in 1967 the number
of workers was found to be 184 18, of these 43 025 are Kuwaitis and
141 293 are non-Kusaitis.

General Climatological Description

Dry hot summer with frequent sand storms, and cool winters with high
relative humidity and occasionsl rains. Fops rarely occur in Kuwalt. The
average monthly temperature in summer (June through September) is around
36°C with the highest average temperature being around 4400. The average
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maximun sun radiation tempersbure reaches its peak during this season and
is of the order of 7400. Summer is the highest sun-shine season with no
precipitation. - Relative humidities are, in the mean, within 26 to 30%,
with an average meximum relative humidity of the order of 454, the lowest
being around 12%.. The rate of evaporation of water is terribly high,
reaching 24,6 mm per day in June when the sun radiation has its highest
value and the mean wind speed reaches its maximum (14 miles per hour).

Alr Pollutants in Kuwait

1, Natural dust
= 802 - HES

3, Pollen of some trees

Measured Pollution Levels

Dust fall:

2
Average 1n May 1968 = 447 .8 tons per mile
Average of nime months = 1958.3 tons per ,mile?

Gases:

Hés = Q.4 ppm

S0,, during the accident of 1966

at 6,00 p.m. = 50 ppm
next day at 8.00 a.,m. = 20 ppm

Asbestos:

100 metres away from the factory = 25 million per m3
1 km away from the factory = 18 million per m3
5 km away from the factory = 9 million per m3
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Pollenss
Enumeration of pollens In Kuwait expressed in thousands per mjc
Pollens of; Mean Velue
Prosopis Juliflora 81
Parkinsonia Aculeata 22
Calestemon Lanceolatus 33
Acacia Seyal 34
Fucalyptus (Glanca T2
Albizzia Lebbec 27
Qthers 45

Industrial Process Emissions

The most important industrial plants are:

Sand-brick factories, asbestos-cement factory, cement-brick plants,
metal works, foundries (both ferrous and non-ferrous), garages and car
repalr shops.

0il refineries, chemical fertilizer plants, drilling mud plant, ground-
flares for burning excess gases from the oil fields end refineries.

Transportation

1. The total mumber of cars rmning in Xuwait is 131 688, about 3 000
only use diesel oil, Of this total 7 496 motor-bicycles are included.

The average fuel consumption is about 4 gallons per day per car,
2. a, Traffic count - 28 000 cars per hour in the City.
ba No ecrankease emisslon control apparatus is used In cars in Kuwalt,

¢. Fuels used are:; benzene, dlesel (very little).
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Population number, Density, Distribution

The latest population number according to the last census is 467 339,
Ninety per cent are located in Kuwalt City and its suburbs. 'The largest
desert areas are very scently inhabited,

Fuel Use

Yearly consumption of liquid fuel in Kuwait - (1 000 géllons)

Year Gasolene Kerosene Gas 0il Heavy Residue 01l
1065 58 809 11 565 16 529 7.8
1966 €7 181 11 237 22 o7 5.8

This includes the commercial, residential and industrial processes.

No appreciable amounts of coal are used except small amounts used for
domestic heating amongst the poorer classes in winter using open vessels
as burners,

Almost all industrial establishments use gas oil for power gensration.

Gaseous emissions are not yet controlled by serubbers or other methods.

Refuse Disposal

le Amount of refuse produced and disposed per day is 600 tons.
2« Refuse is burnt in special durps In the desert 20 km away from the
residential areas,

* ¥ ¥ *

LEBANON

Tocal authoritlies were first aware of the existence of an alr pollution
problem in Lebanon in 1955. In recent years, it has assumed more serious
aspects owing to the fact that air pollution prevention and control in this
area have not kept pace with industrial development and increased industrial



EM/ES /114 WHO EMRO
page T6

production, population expansion and heavier traffie, and its impact on
men, animals, plants and materials is being increasingly felt with the
rise in the standard of living, It is particularly evident in the capital
eity of Beirut and the coastal plain extending from just north of Beirut
and up to the south of Trinoli, VWhile smoke, dust and sulphur oxides are
apparently predominant, other contaminants are undoubtedly contributing to
the polluted air situation., The high traffic count of Belrut, assoclated
with the existence of high buildings, narrow streets and restricted wind
movement, is responsible for the oceasional haze during day time., As to
stack emissions, industrial plants situated on the afore-mentioned coastal
plain are considered as the most apparent major contributors to continuous
pollution. '

% % ® %
PAKIST!

Background Information

Pakistan is a country with a population of abo%t 150 miliion peoples
Its climate ranges from below freezing point to 120 P, Iits geographical
topography presents hilly areas, plains, deserts and areas with abundant
water resources. The rainfall also ranges from almost nil to more than
100 inches per year,

Population Trend in the Commmunity

The rate of progress of industrialization has been remarkable. The
rapid process of industrialization assoclated with urbanization is creating
environmental problemS, At present 20% of the population is urban,

Public Imterest and Concern about Air Pollution

Recently complaints of chlorine gas and S0, were recelved by the
Department of Qccupational Health of the Provincial Government of West
Teldstan. In 1968 an investization was carried out of cement works and
3t was found out that dust and smoke from these works were having an adverse
effect on the nearby vegetation.

Morbidity records too have shovwn an increased number of respiratory
diseases presumably due to the increased number of motor vehieles emitting
smoke, and dust and smoke from the increased number of industries.
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Existing Sources of Air Pollution

At present the main sources of pollution are: motor vehicles, rail=
ways, aircrafts, industries, domestic fuels and refuse disposal. The
domestic use of fuel (soft coke, charcoal, cor-dung and kerosene} form the
major source of air pollution. However the lncreased number of industries
like chemical, paints, roofing, rubber, soap, fertilizer, metal and mineral
industries will be the potential sources in the years to come.

Current Air Pollution Control Activities

At present there are no air pollution monitoring stations set up as
the problem is not yet felt. Although the problem of air pollution is
negligible, health authorities have to be on the alert 80 as not to permit
conditions to deterlorate to such degree as may constitute & serious threat
to the commmity.

At present there is a dearth of standards for possible air pollutants
and need is felt for much more investigation of atmospherie alr polution.
There 1s alsc a great need to practice preventive work by the education of
industrialists and the general publioc, A survey must be made to determine
the nature and concentration of air pollutants, ILocal atmospheric condi-
tions will have to be studied to determine their impact on the problem of
air pollution,

* % ® ¥

SQUTHERN YEMEN
The possible sources of air pollution can be summarized as follows:
1. Mobor tehicles
2. 'The refinery
3, The power station
k, Dust storms.
There was a project to plant a green belt of palms and shrubs west and

south of the ares affected by these storms, but for unknown reasons, the
proJect was not executed,
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The above sources of alr pollution are still there, but the pollution
eaused is insignificant compared with the area of the Republie, which
appraximetes 130 000 square miles, as this ensures an excellent dilution,
However, as it 1s an expanding nation with aspirations to industrializa
tion, air pollution hazards will be tsken into consideration when the first
project is launched,

At present, there is no law or legislation to cover supervision of
industry, but it is high time to think seriously of 1t, even hefore the
first step towards industry.

x ¥ ¥ *

SUDAN

The cowmtry is aboutoa millign miles, the largest in Afrieca, It
stretches from latitude 5 N to 22 N covering a wide range of climates from
the arid to wet tropics. Almost the entire economy depends on agrioultural
production Including erops and animel products-and the industries asscclated
with them.

Air pollution does not yet constitute a particularly serious problem,
but in view of the rapid industrialization and urbanization now undergone,
it is by no means early to study the situation seriously.

Natural pollution by dust storms (haboobs) cccurs in nearly all the
ocities of the Northern Sudan during the months of April to August, the
average daily occurrence being about 5.6 a month,

The main industrial sources are cotbon ginneries and textile mills,
cotton-seed oil and soap manufacture mills, cement factories, native stacks
end agricultural pump schemes. The fuel consumption in these being mainly
diesel oll, wood and charcoal, The number of cars licensed in 1968 is
about 17 000 of which 3 500 are diesel, and they all consume about 140 000
tons of fuel, Of other transport scurces, railways and railway workshops
at Atbara require a particular mention.

A unique pollution problem facing Arome distriet in Eastern Sudan 1is
castor-bean plantations and seed-mills., This causes severe upper respira-
tory and skin allergles.

Preliminary studies have been carried out, but further surveys will have
+0 be widely done and effective control measures applied.

* % %
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UNTTED ARAB REPUBLIC

There are two types of air pollution in the United Arab Republic,
namely:

la Natural pollution
2e Pollution caused by human ectivity, mainly by industrye.

The natural polliuticn is temporary and cccurs only during the khamseen
wind activity Iin late spring and is associated with dust or sand storms.
The pollution caused by human activity can be summarized as follows:

1. The haematite crusher near Aswan,

e The soot particles of burnt bagasse from suger refineries in Upper
Egypte.

3« The cement plants, although ths danger from cement particles,
according to Gardner and others from the point of view of dust
disecase of the lungs, is trivial,

4, Air pollution cauced by means of transport, namely:

B Railway engines -~ coal locomotlves were replaced by diesel
and electric locomotives, This lessened the pollution to
a great extent.

bs Motor-car vehicles ~ till now it is a potential hagzard and
it is under investigation by the Governmenti for any future
harm.

5. Toniging radiations -~ t3ill now no problem.

6, ILocal air pollution from sporadic factories such as lead smelting,
tanneries, fertilizers producing plants, starch, glucose and dextrin
producing factories, Fach case is treated according to the con=-
dition present therein.

T« Aeroplane spray of insecticides, These are mainly used in combat-
ting the cotton-plant insects, The hazard could be nullified when
we take care of the direction of the prevailing wind.
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Leglslation and Governmental Efforts to Combat Air Pollution

1. 'Te Law No. 453 for the year 1954 and the Ministerial Order No, 128
for the year 1957 signifying two categories of industrial, commercial and
other workshops which may ceuse noise or ill-=health or mey be dangerous to

people.

2, The Iaw. of "Industrial Estates",

Pe The Presidential Lew of the "High Committee of Air Pollution” headed
by the Minister of Health,

* % *E %

RUMANTA

The sources of air pollution in Rumenis became numerous and varied, in
the last twenty years, concomitantly with rapid industrialization and urban-
ization,

The most common air pollution pollutants of urbasn areas, which interfere
direetly or indirectly with the well-being or even with the health of people,
are the followings

Sulphur dioxide, dust end other suspended matter, chlorine and its
compounds, nitrogen oxides, fluorides, lead and leed oxides, malodorocus
pollutants, ete,

The research works on the influence of ambient alr pollution on health
or on living conditions, by the epldemiological ampproach, are carried out
by the Hyglene Institutes snd the Sanitary State Inspectorates.

A new legislation on air pollution contrel is being worked out at present
aiming to increase the responsibilities of the designers of factories and of
the staff in charge of technological processes in industries,

* € % ¥

TURKEY

1, Principal locations and Sources of Air Pollutlion

Principal locations in Turkey where alr pollution presents & problem
are: Ankara, Istenbul, Murgul and Maden, Ankars, the capital of Turkey,
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and Istanbul are the places where air pollution is most likely to oceur.

In Ankara the factor of air pollution is the chimney smoke and gases coming
into the air from buildings and factories {incomplete conbustion of sub-
bituminous coal and lignite) at the rate of 7H%, and 25% due to industries
and vehlcles, According to rescarch work of the School of Public Health,
50, and smoke concentration in the air of Ankara for 2% hours is as followss

Year S0s Smoke

1964 200 micrograms/m’ 164 pg/m3
1965 24 micrograms,/m’ 170 yg/m’
1966 269 micrograms/mo 280 ypg/m>

2. Legislation

A new Bill of Law has been introduced which is prepared by the Ministry.
of Health., The Ministry of Health is working on the preparation of legisla-
tive regulations after the approval of the law by the Parliament,

3. Encouragement Measures

The new clean-air bill gives strong encouragement to all industries to
apply filters, and for the fitting of covers to vehicle exhaust pipes, It
also provides for the establichment of stationary and mobile teams to control
emissions and encourages the use of smokeless seml-coke for domestic heat-
ing, etc.
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1l. METHODS AND EQUIPMENT FOR MEASURING POLLUTANT EMISSIONS
(STACK EMISSION TESTING)

by

*
Professor M, Katz
WHO Temporary Adviser

Measurement of pollutant concentrations in the stack gas is difficult
because of high temperatures, high dust and gas concentrations, as well as
high water content, Standardized equipment and procedures have been
developed, including for example pitot tubes for the determination of
velocity pressure, stainless steel probes, alundum thimbles for collection
of particulate matter, sorption units, and flow measuring devices.

For the collecetion of particulate matter, isokinetlc sampling 1s
Necessarys The flow veloecity in the sampling probe should be identical
o that in the stack, Null type nozzles are avallahle to insure isokinetio
conditions in the probe. The lecture's outline follows:

1. Measurement of Gas Flow, Temperature and Humldlty

a., ’'The standard pltot tube
(Total or impact pressure} = (static pressure) = velocity pressure
V = 25 h

v = gas velocity, ft./sec.

h = ft. of head of gas
hw = veloclity pressure in inches of water gauge

h
h x (density of gas) = _l.‘2'i x (density of water)

2
g = gravitational acceleration, 32.2 ft./sec.

%
Professor, Departmentof Civil Angineering, Syracuse University, Syracuse,
Mew York, USA
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v = \[2x32,2x62.4xhw
12s

5 = density of gas (Lbs/C.F.) at stack temperature and pressure
conditions
Ry

be Location of pitot tube traverse points
Ciroular duct: 0,316 R, 0,548 R, 0.70T R, 0,837 R, 0.916 R
R = radius

Ce Temperature and humldity of stack gas.

2a Collection of Stack Samples

as Equipment for collection of particulate matter ~ sampling probe,
nozzle and filter media,

be Types of filter media; alundum thimbles; glass thimbles (S and 5)
or (MSA 1106~B); paper thimbles (Whatman); chemical filter papers,
(cotton, wool, nylon, orlon, asbestos, etc.).

¢. Equipment for collection of gas samples,

Abscrption Cdevices: standard or midget impinger, fritied glass
bubbler, other types of bubblers.

Temperature control baths; condensers and freeze-~out traps.

Adsorption devices; activated carbon, silica gel, alumina, eto,

ds, Meters for volume flow or flow rate measurements: calibrated
orifice; critical orifice, rotameter, wet and dry gas meters,

Es Pumps or ejectors.

Ba Isokinetic Sampling for Particulate Matter

a2, Errors due to non-isoldnetic sampling,
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bs Watson relation of validity of semple to duct and nozzle flow

conditionse
U
c _Y% | U \i/2 ]2
et {1 + ~(p) [(Uo) -1
where

¢ = concentration measured
Co = true concentration
Uy = stream velocity

U = mean gas velocity at sampling orifice

2
_4s Ug
18 np
d = diameter (mean) of particles

(ol
|

D = diameter of orifice
s = density of particles (specifie gravity)

n = viscosity of gas

c. Methods of attaining isokinetic conditions,
"Null" type nozzle; variation of the flow rate at each sampling
point to match velocity in nozzle (of constant diameter); use of

series of nozzles of different diameters.

L, Typical Calculations

Summary of Discussions

In answer to a question about maldng the stack air velocity measurement
traverse, Professor Katz sald this was done at radial locations aslong two
dlameters at right angles to each other, as specified in his ocutline.
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12, DEMONSTRATION OF APPARATUS, ANALYSIS, AND CALCULATIONS

by

*
Professcr M, Katz
WHO Temporary Adviser

The -2nalysis of pollutant condentration is difficult because of the
low concentrations involved (parts per billion) and. the presence of inter-
fering substances in the air, Sulphur dioxide has been determined by a
variety methods ranging from conductivity of a peroxide solution to the
West~Gaeke method. The conductivity method glves accurate results when
no Interfering substances are present; in the presence of contaminants,
the results may be either high or low., The West~Gaeke method (absorption
in sodium tetrochlomercurate) is specific for sulphur dioxide,

Specific methods for the sampling and analysis of pollutants are
described in the WHO Manual prepared by the author.

Summary of Ddscussions

Asked about a long~term programme of air monltoring following a ‘two-
year programme of sampling for 24-hour averages of S0p and suspended parti-
culates at flve stations in Teheran, Professor Katz said that this would be
useful to verify the adequacy of sampling station siting and to give an
indication of the major sources of alr pollution, He suggested that the
next step would be to install more sophisticated equipment for messuring
fluctuations and diuwrnal variations in contaminant concentration.

There was considerable discussion ebout methods of measuring SOp. The
HpOp method, Professor Katz said, is not specifie for SO, but it is very use-
ful in situations where other contaminants to which it 1s sensitive (NH;,
oxides of N, HCL, etce} are known to be absent or are present at least in
only small amounts, He also discussed several other methods for SCp measure-
ment and referred the participants for more detalls to the recently released
WHO Manual, on methods of alr pellution analysis which was written by him.

*
Professor, Department of Civil Engincéring, Syracuse University, Syratuse,
New York, USA
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The question of physioclogloal effect of acetylene on humans was railsed.
Professor Lawther answered this for Professor Katz, noting it is a good
anaesthetlic but that he knows of no long-term effects. Dr, Wohlers com-
mented that acetylene played no role, as does ethylene, in photochemical
smog reactions and that it was mueh less toxic than ethylene on vegetation,

Gas chromatography plus flame ion detection for hydrocerbons and other
gases appears to be sulted to cases of mixed gases, Carbon dioxide and
ecarbon monoxide can be measured by infra-red absorption, while ultra-violet
absorption may be used for oxldes of nitrogen.
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13. TUSE CF THE RINGELMANN CHART AND TRAINING OF PERSONNEL
ON VISTELE PLUME OBSERVATION

by

*
Dr. H,C, Wohlers
WHO Temporary Adviser

The Ringelmamn Smoke Chart, devised by Professor Maximilian Ringelmann
of Paris in 1890, is one of the most useful alr pollution control devices
and hence perhaps the most maligned of the air pollution control laws.

he Ringelmann Chart is a serles of six cards ranging in number from
0 to 5; card 0 is &8ll white and card 5 is all black. Cards 1 through 4
contain lines spaced at different intervals to glve a greater appearance
of darkness in-going from 1 through 4, In operation, the Ringelmann Chart
is held at arm's length while looking at a black plume. The comparison
between the darkness of the plume and the card number is an indication of
the smoke emission. Air pollution regulations normally require that the
Ringelmann number should not exceed 2 or 3 for specified time periods ranging
from two %o six minutes a day., There 1s a recent trend in the United States
to reduce the Ringelmann number from 2 or 3 to as low as 0 to 1,

The Ringelmann Chart ls based upon a relationship between plume
obscuration and optical density. There is a relationship between the
percent light absorbed and the dust content of a stacke At a light
absorption of 604 (Ringelman number 3) in a plume from a six-inch stack,
the dust approximates 1.2 grains per cuble foot; this relationship will
vary from stack to stack and is dependent upon the constaney of particle
size and. type within the stack.

In addition to the Ringelmarm Chart which is speclific for black smoke,
an added advantage accrues .if the term, "Equivalent Ringelmann", is used in
alr pollution regulations. - The Equivelent Ringelmannh is the plume opacity
which obscures an observer's view to & degree equal to or greater than that
of a number on the Ringelmarm Cheprt, The distinct advantage of the Equivelent
Ringelmenn (equivalent opaclty) is that it becomes possible to look at and
evaluate not only black smoke but smoke of any colour.

*
Professor of Environmental Science, Department of Environmental Engineering
and Science, Drexel Imstitute of Technology, Philadelphia
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In using the Ringelmanm Chart the individual should stand with his
back to the sun and observe the plume at ripht angles to the stack plume
with little or no cloud cover, Plume oprclty is read at the point of
stack discharge.

Many questions are raised concerning the use of the Ringelmann Chert or
the Equivalent Ringelmann which camnot be fully and completely technically
resolved. Seientists object to the use of the Ringelmann Chart because 1t
is a test made by vision and not by mechanical apparatus, 1In spite of all
the objections, a trained inspector can read equivalent opaclty to a cne-
quarter of a Ringelmann number. Consequently an inspector can travel over
& large area by automobile and when he sees and determines an Equivalent
Ringelmann mumber which does not satisfy the regulation, he can take immediate
action against the offender,

It 1s possible to either purchase or construct a unit which will emit
black or wiite smcke at various Ringelmann numbers so that inspectors may
be trained in the reading of Ringelmann numbers or equivalent opacity. The
grey or black unit is similar to a forced-air or fire furnace; by varying
the fuel pressure to the burner excessive oll is burnt and smoke is produceds.
The white smoke is generated by feeding diesel oill through a small spiral-
tube into an air stream, During the calibration proecedure, the men are
trained against a Ringelmann Chart for both white and black smoke., ILight
meters Inside the stack are then calibrated against the group observations.
Finally the group is retrained against the light meters,

Summary of Discusslions

Professor Lawbther commented on interfering effects of reflectance in
using Ringelmann Charts with the sun behind the observer. He was alsc
eritical of the reporicily accepted practice in the United States whereby
industrial firms with stacks emitting plumes contalning only condensed
water vapour, but which give an unfavourable equivalent Ringelmann Chart
result (i.e. one higher than the legal maximum Ringelmann number for parti-
culate-containing plumes), were assumed in violation of the assoclated
‘regulation on particle emission load until they proved otherwise. This he
sald was against a cardinal prineiple of English law that a man is innocent
until proven guilty. Dr. Wohlers commented that the emitter was in violation
of the law but that situations invelving only cbvious water vapour discharges,
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such as cooling towers, were not normally cited, He also noted that wet
plume observations were made around midday condensed water vapour plumes
were short lived due to low humidity. 1In reply to this, Professor Lawther
noted that in London humidity was frequently high throughout the day and he
also obgserved that in many places of the world the sun would be almost
directly overhead, so that at these times it would be impossible to employ
the charts according to specifications. In his opinion, he said, the
Ringelmann Chart was a most unsatisfactory device, Dr. Wohlers sald that
in spite of the apperent defects of Ringelmann Charts, it was possible to
train observers to accurately assess control plumes to within cne~guarter
of the correct Ringelmann humber, He alsc noted that a straight line
relationship was obtalned between light obscuration and the calculated and
measured grain loading of plumes,
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14, CONDUCTING ODOUR SURVEYS IN THE FIELD
by

*
Dr., H.Cs Wohlers
WHO Temporary Adviser

Although the perception of odorous contaminants cammot be precisely
described, certain basls facts about humen olfaction are known., With
knowm facts or principles, it is possible to investigate odour complaints
for air pollution control purposes,

Odour remains, however, a very intangible commedity. Cdorous conta-
minent investigations must be related to the individual problem or locality.
Air pollution control 1s one major reason for odorous contaminant measure-
ment, The odour purposes may result from a nuilsance complaint, a violation
of an ordinance or a desire of an offender to determine the severity of the
air pollution problem so that correctlve steps may be taken,

To establish a viclation of an ordinance it is necessary to determine
that a nuisance or a specific violation exists, that 1t 1s caused by an
odour, and that the odorous contaminant is emitted by the source charged,

To gather data necessary to correct an odour contaminant problem, one
needs to know the extent and intensity of the odour downwind of the source
for dlfferent meteorological conditions as well as pertinent process inform-
etion within the plant,.

Ordinarily as alr is breathed in, it passes through the lower part of
the nose, through the throat to the lungs. In normal breathing, the main
air gtream passes through the nose without passing over the olfactory
receptor swfaces which are high up in the nasal passeges. As the air
stream passes through the nose, eddies are formed and some of these pass
over the olfactory receptors creating the sensation of odour, If an odour
is pleasant, the immediate reaction 1s to sniff, waylaying a larger portion
of the air stream and increasing the intensity of the odour sensation.

*
Professor of Environmental Seience, Department of Environmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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No present instrument for chemical analysis can completely replace
the function of the nose, Pactors regerding the nature of cdorous effects
onn people which instrumental chemical analysis does not take into conside-
ration include: (a) weak odours are not perceived in the presence of
strong odours, (b) odours of the same strength may blend to produce a com=
bination in which one or both of the components are umrecognizable, (c¢) the
constant intensity of odours causes an individusl to quickly lose the
awareness of the sensation, and {d) the like and dislike for an odour often
depends on an individual's assoclation of the scent with pleasant or un-
pleasant experiences.

Many authors have attempted to classify odours, although realizing
that primary bases for odours do not exist. One such odour classification
was based upon six basic types, with possible combinations within the six
spley, flowery, fruity, resinous, foul, and burnt,

For odorous contaminant measurements in the field, it is suggested that
common language terms be used to describe the odour, For example, acetal-
dehyde odour may be described as fruity; cannery waste odour may be deseri-
bed as rotten egg; skatole odour may be classified as rest-room odours.

For each odour there exists a concentration below which no conscious
sensation will be produced; this concentration limit is known as the
clfactory threshold or the minimum identifiable odour. As the concentra-
tion of the odorous contaminant increases, the intensity tends to increase.
Odour strength or intensity does not follow a one-to-one relationship with
concentration, When the concentration of an odour contaminant is doubled,
the odour intensity is not doubled; a tenfold Increase in concentration is
usually necessery to double odour intensity.

The relationship between odour intensity and odorous contaminant concen-
tration is given by the Weber-Fechner equation: P =k log S, where P = odour
intensity, k = constant, S = odowr concentration. This relationship stipu-
lates that the stimulus (concentration) must increase logarithmicelly for
the sensation (intensity) to0 increase arithmetically. For odorous conta-
minant measurements, the odour intensity can be considered as independent of
ambient temperature and humidity., Odour intensity measurements should be
mede subjectively according to a grading system from zero (no odour) to four
(strong odour).



aﬁsé“” WHO EMRO

Ficld measurements of odorous contaminants may be made by walking or
driving through a speeifia area. Short sniffs of the air are taken to
insure that the odour reaches the olfactory epithelium azd to minimize the
distance travelled betweon odour evaluations. Whenever a different odour
is noted which is not immediately traszeable to knowmn conditions (odour
exhaust, road tar, burning of wood, etec.) the car is stopped, the engine
is turned off axnd atiovmpts made to detect the odour away from the road.

At each lcocation, where an odour 1s noted, the odour intensity and type
are marked on a miD. Uron the completion of an odour survey the map is
examined to deterwine if the codour and intensity measurements can point to
the cdour source,

At times the public may be asked to assist in odour surveys, The
public conld he askad, Tor example, to observe the type and Intensity of
odours three times dally -~ before breakfush, when arriving home from work,
and before going to bed.

In underiaeking an odour survey one nmust be cognlzant o woather para-
meters, Wind conditions can be estimated from the movemnsnt of trees and
the blowing of dust; more precise data would be available from a weather
station,

Summary of Discussions

The need to proceed in odour testing from dilute conditions to higher
eoncentrations, rather than the reverse, was emphasized from the floor.
Dr. Wohlers agreed and noted that this is related to the phenomenon of ™odour
fatigue" in which the ssnsitivity of smell is dulled by continued exposure
to odours, Elaberating further, he said that persomnel involved directly
in odour testing should refrain from eating and smoking for at least one
half hour prior to beginning a test; In the case of certain foods, such as
onions, a considerably longer periocd 1s necessary. Dr., Wohlers noted that
there is conflicting cpinion among experts on the effects of temperature
and humidity on the scnse of smell; it appeared, that the smelling sensitivity
of most perzons is optimmm at ambient alr temperatures close to that of the
human body.

The problem of eliminating odours was raised, and Dr. Wohlers said that
this ecoculd best be accomplished by preventing odcure-cavusing substances from
being emitted using high temperature combusticn, catalytie oxidation, or
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sorption; ObJjectionable odours in confined spaces may be counteracted or
masked with more acceptable odours. In partlicularly odoriferocus industries,
such as tamneries, fish-rendsring plants, and slaughter-houses, he said that
buildings might be enclosed, gas discharge volumes reduced to a minimum
through optimal space utllization and operaticn, and final emissions oxidized
in catalytic units or by use of chlorine in the scrubbing water spray. In

Teed lots the spreading of potassium permanganate has sometimes been effective,

Asked whether the "odour~triangle" field technique deseribed earlier by
him is intended more for use in evaluating public complaints rather than for
quantitative use in establishing dispersion patterns, Dr. Wohlers sald it is

valuable for both purposes when properly trained personnel are used. As &
tool for evaluating odour emission intensity In terms of threshold cdour
units, a measured volume of gas may be drawn directly from the stack and
tested in the laboratory by usual dilution techniques (the stack gas flow
rate and temperature~pressure conditlions must also be known).

Professor Katz commented that in his experience the field methods of
odour testing described by Dr. Wohlers are very useful around oll refineries
and paper pulp mills., Public participation in the testing programme, he
gaid, is useful for detecting changes in odour conditions which may relate
to plant process upsets and for helping management spot trouble areas.
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15, METHODS OF MEASUREMENTS FOR SPECTFIC POLLUTANTS
IN AMBIENT AIR

by

*
Professor P.J. Lawther
WHO Temporary Adviser

Standard methods for the measurements of specific pollutants are
alreedy deseribed in meny books and, especially, reference should be made
to "Measurements of Air Pollutants ~ Guide to the Selection of Methods"
(World Health Organization, Geneva, 1969) by Professor Katz and the
articles of Dr., J. McK. Ellison. In the shert talk given a few new
methods and modifications of standard methods for specific use in medical
research were described.

The standard "D,3,I.R. Volumetric" apparatus is of great value for
measuring pollution in terms of smoke (total suspended matter) and sulphur
dioxide. The "smoke" concentration is measured by assessing reflectance
or transmittance of the stain produced on a filter paper by the smoke
collected and reference to a calibration curve enables one to express the
results in terms of weight per umit volume of air, The need for freguent
recalibration was stressed since the optical properties of smoke differ in
themselves and with time. ILikewise, 1t was pointed out that titration of
the acid solution through which the filtered gases are passed gives an
accurate assessment of S0p if this 1s the only acid gas present and there
are no alkaline gases present.

The use of the cascade impactor enables one to examine particulate
pollution in different size ranges., The particles so collected may be
examined by the light microscope or electron microscope to determine their
physical nature; also by treating the slides on which the particles are
impacted with reagents, including pH indicators, knowledge of chemlcal
nature of some particles may be gained. Examination of partiecles by means
of phase contrast microscopy has been useful.

*
Director, MRC Air Pollution Research Unit, Professor of Environmental
Medicine, St. Bartholomew's Hospitel, Medical College, London
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The use of the thermal precipitator has enabled particles of all size
ranges tc be collected with great efficiency and this method is especially
suited for examination of the particles under the electron milcroscope. As
in the case of the lmpregnation of cascade impactor slides with different
resgents, so electron microscopic membranes may be treated with metal film
in order to investigate certain chemical properties of fine particles. One
of the most valuable results of the use of the electron microscope has been
the demenstration of the very great surface to mass ratio of particles pro-
duced as the result of incomplete combustion of carbon containing fuels.

The difficulties in relating concentrations derived from stationany
samples to human exposure was discussed and the value of the use of masks
wlth air filters to assess shift exposure in industrial atmospheres was
described and its application to wider surveys emphasized. This method
has been used in gas works for the determination of exposure to polyeyelle
hydrocarbons. Certain difficulties in sampling these compounds were dis-
cussed; they may be underestimated if it is not reallzed that samples may
have been exposed to heat or if there has been failure to protect solutions
of samples from sun light which can destroy the compounds,

The difficulties of relating ambient concentrations of carbon monoxide
to human health was discussed. The amount in the blood depends on the
amount in the air, the time of exposure and the rate and depth of breathing.
Short-term ("grab") samples are useful to give an idee of the magnitude of
pollution, longer term or continuous sampling is much preferable but the
only really valid method is to determine the carbon monoxides as carboxy-
haemoglobin in the blood. This can now be done easily using samples of
only 0.01 ml blood cbtained from pricking the finger.

Similarly, determination of lead in blood and urine of exposed people
is of much greater value than determination of alr=borme lead,

It 1s emphasized that the talk was concerned :with merely a selection of

methods and pollutants to illustrate principles involved and pitfalls to
avold.

Summary of Discusslons

Professor Katz asked about the efficiency of retention of small sub-
micron size particles in the lungs and referred to the work of Professor
Hateh and others which indicated that below a certain size retention de-
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creased, Professor Lawther agreed that this may happen. He hesitated
te put emphasis on this, however, because the vast variety of aggregate
types and shapes and the differences in their hygroscopic properties make
the problem most complex. He noted also that this problem of retention
involved not only the alvecli but also the terminal bronchioles.,

Asked whether oll adsorbed on asbestos fibres rather than the asbestos
particle itself is the carcinogenic factor, Professor Lawther noted there
was some question about this., He cited research in which -4 benzopyrene
was recovered from asbestos fibres. 1In his own laboratory, he said, a
colleague obtained a carotene-like compound in the oll extracted from
asbestos fibres, but this was eventually determined to be a derivative of
the plasticizer used in the polythene packing of the asbestos sample, He
sald there was still considerable question sbout the biologieal significance
of oil in asbestos and cautioned that it may not be satisfactory to ccllect
samples for this type of bilological work in plastic containers,

Asked which is the most practical method to use for sampling, Professor
Lawther said this depended on the purpose for which the sample is taken.
Thus, the DsS.T.Rs would be satisfactory for collection of smoke for surveys
in which relation between smoke and cancer were studied and the electrostatic
precipitator would be suitable for collection and measurement of the concen-
tration of inert dusts such as those from cement factories. The electro-
static precipitator, however, would not be a sultable sampler for organic
compounds if it is also desired to analyse them because of the effect of
ozone produced in the precipitator.

Replying to a question on macrophages, Professor Lawther noted that
these are important in industrial pulmonary diseases and he discussed brief-
1y some of the medical aspects of interaction between macrophages and fine
particles in lung alveoli.

Professor Lawther presented some slides showing stack plumes of moderate
height ejecting-plumes at sufficiently high velocity as to cause the plumes
to rise above the inverslon layer celling. Dr. Wohlers and Professor Katz
felt that such celling heights and wind kinetiecs were too variable to permit
stack design to be based solely on Jet lofting and penstration of cloud cover.



WHO EMRO EM/ES /144
page

16. EQUIPMENT AND METHODS FOR CONTROL OF POILUTANT EMISSIONS
(CITY FLANNING AS A METHOD OF CONTROL)

by

*
Dr+ H.Cs Wohlers
WHO Temporery Adviser

Many times, we are prompted to believe that new techmiques must be
devlsed for the control of air pollutant emissions. Tf one examines the
history of the development of air pollution control eguipment, one quickly
finds that scrubbers were In use before 1860. Bag filters were used to
collect zinc oxide fumes as early as 1850. Cyclones were used about 1880.
Fleetrostatic precipltators were successfully demonstrated in 1907. Since
then, tremendous improvements have taken place in the hardware (metals,
fabrics, motors, ete.) but no new technological breakthrough has been dis-
covered,

The selection of the proper collector for a speecific purpose should
be made with great care, Unless great care is taken in the choice and
selection of a cecllector, the equipment will not perform as desired. In
Figure 6 are listed a number of factors which should be carefully considered
before a collector for a specific preocess is deslignated, Among the factors
to be considered should be the particle characteristiecs — what is the size,
shape, density, corrosiveness, etc, of the particles. One mist evaluate
the carrier gas characteristics as to ‘temperature, pressure, humidity, etc.
Operational and constructional factors rust also be considered along with
process ahd economice factors.

Five major pleces of equipment may be used for the removal of particu-~
late matter from stack gases, A settling chamber 1Is the simplest of all
devices and depends upon the settling of the particulate matter by gravity;
the device is very simple but is effiecient only for particles greater than
50 microns. A cyclone depends upon the centrifugal force of the particle
in a cylindrical cone; by centrifugal foree, the particle is thrown against
the side of the container and graduelly is worked toward the bottom of the
container,

*
Professor of Environmental Sclence, Department of Environmental Engineerding
and Science, Drexel Institute of Technology, Philadelphia
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Figure 6

WHO EMRO

Pactors Affecting Collector Selection and Design
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The-cvelone is a useful collector for particles greater than
5 mierons in diameter, A simple scrubber depends upon the interception
of a particle by a water or liquid droplet, The dirty gas stream is
passed through a shower of water where impaction or interception takes
place. High energy scrubbers can remove particles of the order of 1
miecron in diameter; simple scrubbers are used for particles 10 to 25
mierons in diameter. The electrostatic precipitator depends upon the
attraction of a charged particle to a charged plate of the opposite charge.
The device is very efficient for particles 1 to 10 microns. The bag
filter removes particulate matter by filtration through eloth; the bag
filter, like the electrostatic precipitator, removes particles 1 to 10
microns, Table 5 lists operation characteristics of particular control
devices as well as economic data, Figure 7 graphs the comparative cost
of dust collection versus efficierncy for various collectors,

The cost of control equipment must be considered in relationship to
the cost of the basic equipment, (Generally, the cost of air pollution
control equipment approximates 5% of the capital cost of the process equip-
ment. At other times, the cost of the control equipment can be equal to
or greater than the cost of the baslic equipment. When the cost of the
control equipment is egual to or greater than that of the basic equipment,
the particulate matter to be collected is valuable or the control of the
particulate matter is extremely difficult.

The control methods for gaseous pollutants involve combustion,
adsorption, absorption and process modlfication, The control methods for
gaseous pollutants are shown In Figure 8. The combustion control process
usually involves the additiord of extra fuel to completely burn the un-
desirable gases. Combustion may take place by either the addition of
excess fuel or by passing the mas through a catalytic unit reducing -the
amount of excess fuel. Adsorption devices contain activated carbon,
molecular sieve, activated alumina, and lithium chloride. Absorption of
gases depends upon the solubility of the gas in water or chemical solutions,
Process modifiecation may involve a fuel switch from coal to oll gas -~ from
the dirtiest to the cleanest type fuel. The use of atomlic energy for the
production of electric power is another example of a process modification
which mey be used to reduce pollutants emitted into the atmosphere,.
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Tage 5
Operational Characteristics of Particulate Control Pevices
" T
Settling Cvolone Serubher Bag Electrostatic
Chamber ¥ (Peage~Anthony) Filter Precipitator
Mechanism Gravity Centrifugal Impaction Impaction Electrostatic
+ ) * +
Impactlon Direct Direct
Interception (Imberception

Particle slze,

(90% Efficiency) 50 >5 - 25 <1-25 <1 - 10 | <1 -10
Operating Data ‘
Gas flow, ofm No limitationjup to 50 000 [500 to > 25 000{ _>20 000 to™> 2 000 000
Gas temperature, F 1 000 700 - 1 00O 700 600 to 1 200
Gas pressure, psi” to 150 to 150 to 100 to 50 o 150
gas velocity, fps <10 4o - 8o up to 200 0.02 - 0.1 3 - 25
Draft loss, "HoO 0.2 = 0.5 1-3 2-6 37 Oul = 0.5
Yoading, gr/ft’ =100 =100 100 { <03 - 4 | 0,000L - 100
Water use, gal/1000 £to - - >-10 - -

" 1

Economic Data i
Capital cost, $ ~1 800 9 240 21 800 49 %00 85 960
Operating cost, $/year ~ 1 000 4 900 7 950 14 200 2 430
Total cost, $/year ~ 2 000 5 820 10 100 19 100 11 000
Cost, ¢ /1000 Ef, <7 0,01 l 0,02 0034 0.066 QQOEB

* 60 000 ofm, 68°F, 5 gr/ft3-

OW OHM
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Flgure 7

Approximate Cost of Dust Collection
by Means of Various Collectors
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Figure 8

Control Methods for Gaseous Pollutants
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Much emphasis has been given recently to the removal of sulphur dloxide
from process gases, A large mumber of processes have been investigated but
as yet no process is universally accepted. Flgure 9 shows the comparative
cost of sulphur dioxide removal processes, All of the processes except one
impose an additionel cost to the product produced, Only the Wellman-lLord
process Indlcates, at this time, a reduced cost for the product produced.
Unfortunately details concerning the Wellman-Lord process &re unavailable,

Figure 9
Comparative Costs of Sulphur Di emoval Procésses
Total Cost=
{$ per ton of cosal)
When no When ecredit
credit is is taken Products
Process taken for for sale providing
sale of of credits
by-product by=product
Reinluft 2,45 1.30 Concentrated acid
at $ 23050,’ ton
0.86 Sulphur at $ 25/ton
0.72 Moderately concentra~
Catalytic oxidation 1.75 ted acid at $ 9/ton
0.8 Acid at $ 12/ton
DAP-Mn 4,392/ 1.10 2/ | Ammonium sulphate at
$ 32/ton
2/ 2/ )
Kiyoura TIT 3.66 O dth _ Ammonium sulphate at
$ 32.20/ton
Dolomite (Combustion
Engineering Inc.) 0-36-(};63_3_/ 0-36'0.6} .3_/
0 Sulphur at $ 25/ton
Wellman-Lord Inc, 0473 (_) 0.60 Sulphur at $ "4'5/1‘.01'1

Jk/rneludes fixed charges.

-gjber metric ton of fuel oli,

Eb&here_is no saleable by-product from the Dolomlie processs

However, in

Installing this process certain capltal equipment savings and cperating

savings (estimated at 27 cents per ton) are expected.

The range cf costs

represents the cost with and without credit for these savings.
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Planning and zoning in alr pollution control are used to locate
Industrial areas so as to preserve alr quality of the commmity as a whole,
and to physically separate major polluting areas and residentizl areas to
protect the latter from the former. Plamning and zoning for alr pollution
purposes is usually a difficult task as most urban areas have been fully
developed before the concept of plamning and zoning for air pollution
purposes was considered.

One should consider urban planning for alr pollution purposes in the
design of new buildings using central heating, the development of public
disposal areas for refuse (sanitary landfill), the control of building
heights to prevent pollution from one building affecting a resident at a
higher level in another bullding, establishment of weed control programmes
to reduce pollen count, the location of large pollution sources at a greater
distance from residential areas, and the control of apartment developments
in mixed commercial areas so that pollution from commercial premises will
not adversely affect residential bhuildings.

Summary of Dlscussions

Questions on the pressure differential term appearing in a number of
formilae for control equipment efficiencies were raised, Professor KatZ,
answering for Dr. Wohlers, replied that pressure differential costs money
and, in so far as practised, it should be kept to a minimm. The efficiency
formulae he said, usually related 1o weight removal and not particle nuber
removal efficiency. It is most important to bear thils in mind since weight
varies as the cube of the diameter, so that for a given efficiency, dis-
propdetionately fewer numbers of larger particles are removed than 1s the
case for smaller sizes, Very few equipment mamifacturers give expected
nunber remcval efficicney ratings. Professor Katz also noted that stack
velocity measurements may be made at any convenient place along the stack
length as long as this was away from the breach effects.

There was considerable discussion about city planning as a factor in
amelioration of the effects of air poliution. A number of cases were
clted where plamned locatlon of industrial areas at considerable distances
from residential areas was counteracted by the gradual encroachment of
dwellers into the seperating Zones. As these encroachments eventually
engulf the industrial area, air pollution complaints arise. In addition,
demands for sanitary and other municipal services also arise in these
unintentially built-up areas, Esteblishment of plenned "green belts"
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between industrial areas and other “use" areas should be part of any city
plenning scheme, Dr. Wohlers said, and effective legislation and enforce-
ment to keep these protective belts from being encroached upon should be
established. Planning should be for fifty to sixty years ahead, it was
said,

Dr. Fritschl commented on the question of incineration versus sanitary
landfills for refuse disposal, and sald it was necessary to lock at this
in relation to the overall problem of public health and not only as &n alr
pollution control measure. Thus, anaerobic decomposition and rodent
problems in sanitary landfills, the relation to various commmicable
diseases, and the need for land for mitiple purposes must be considered
as well, and he suggested that some sort of benefit-cost index for this
overall concept might be useds Dr. Wohlers noted that there should be no
rodent problems in a properly operated landflll, but he could make no state-
ments regarding insect vectors.
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17. CONDUCTING AN ATR POLLUTANT EMLSSION INVENTORY

by

Dr. H.C, Wohlers"
WHC Temporary Adviser

An emlssion inventory is the determination of the weight of pollutant
emissions from all sources by location and season of the year, Normelly
considered in an inventory are five categories of emissions - trensportation,
power generation, industry, domestic heating and refuse disposal, Pol~
lutants considered are sulphur dloxide, nitrogen oxide, carbon monoxide,
organic compounds, and particulate matter. In specific cases, 1t may be
desired to investigate other categories as well as other pollutants,

The uses of an emission inventory are many and varied. The emission
inventory locates the sources of emissions by geogrephical areas and deter-
mines the weight emissions, The results of an emission inventory may be
uged for & mathematical diffusion model of the ¢ity, for air sampling pur-
poses, for regulation purposes as well as for determining the progress of
a control agency with time. The emission inventory is also used for edu-
eation of the public and training of both industrial and governmentel agency
personnel, It is considered that the emission inventory ies one of the most
valuable tools of an zir pollution control agency,

The precision of an emission inventory is always a matter of great
importance, It 1s believed that if an emlssion inventory is well prepared,
it is possible to be precise to within 20%. Data showing the precision of
different types of emission inventories are shown in Table 6, The first
and third columns in Table © were completed by two different groups for the
Philadelphia area, the middle column was independently based on an evaluation
of polliutant emlssions on a population basis,

* Professor of Environmental Science, Department of Environmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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Table 6

——— o —

Comparison of Alr Pollubant Emissions for Philadelphia
Preparsed by Different Individuals and Methods

Tons emitted per day
Pollutant ) * Philadelphia
RCEO P °g:§:i on Health
Department
Sulphur oxides 780 870 720
Nitrogen oxides 320 340 300
Organic compounds 770 200 570
Carbon monoxide 2920 3300 2620
Particulate matter 230 - 19

The conduction of an emission inventory depends upon a knowledge of
fuels used, number of automoblles, and nurber, size and type of industry
within an area, Once the basic data has been obtained, emission factors
are avallable to determine pollutant emissions based on the fuels, auto-
mobiles, types and sizes of industries, Pamphlets are available from the
National Air Pollution Control Administratlon showlng both the stepwise
procedure for undertaking an emission inventory as well as the factors to
be used in the conduction of an emission inventory. Reference should be
made to these publications for further detalls.

A final note may be made that emission inventorles can be used for air
pollution enforcement purposes as well as for the determination of the welight
of pollutants emitted. The most advanced inventory system presently is
that used by the City of Chicago which involves a computerized system for
data storage and retrieval on all plants, processes within the plant, and
an estimate of the emissions of that plant. Much of the same information
is used for enforcement purposes.
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Summary of Discussions

The importance of educating mensgement as well as the public on the
need for air pollution control was emphasized from the floor,

Dr. Fritschi commented on the difficulties of using mathematical
models and computer programming, and he asked Dr, Wohlers if his models
had served their purpose for predicting amcunts of pollutants and dis-
persion patterns. Dr, Wohlers said the results seem to be within an
order of magnitude of actual conditions,
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18, CRITERTA OF EVALUATION OF AMBIENT AIR QUALITY RELATED
TO HEATTH AND WELFARE (RESEARCH NEEDED)

by

%*
Professor P«Js Lawther
WHO Temporary Adviser

This tople was also illustrated with slides. ‘The following points
were discussed and elaborated upon. Everyone would prefer to breathe un-
polluted air but in the absence of a sensible definition of clean ailr and
because so many of man's activities (such as breathing) produce pollutants
one must strive to determine what is tolerable and at the same time strive
to abate pollution, A common mistake, which can have disastrous consequen-
ces, 1s to regard air guality in isclation from economic factors and other
soclal and medlcal evils.

For many years limits have been set for the pollution of the air in
working environments. 1In some cases where the pollutent has an easily
demonstrable effect the task has been easy; in others "maximum allowable
concentrations" are what Drinker called "guestimates®. But even in the
more difficult industrial situations the problem of air quality i1s simple in
comparison with the problems posed by the effects of dirty air on general
populations, which contalin not only healthy workmen but the very young, the
Yery old and the sick and feeble, Again, climatic factors may result in
relatively infrequent fumigations in which concentrations: of pollutents mey
increase to twentyfold the "normai value,

Tt must be realized that to afford complete protection all the time,
for every person, may well be Impossible Iin some socleties; -the abatement
of alr pollution and research on 1lts effects must be seen In cool perspective
and given appropriate priority.

Alr pollution is complex; 1its effects are as yet little understood;
the especilally harmful ingredients have not yet been ldentifled with certainty.

¥ Director, MRC Air Pollution Research Unit, Professor of Environmental
Medicine, St, Bartholomew's Hospital, Medical College, London



EM/ES /144 WHO EMRO
page L10

Many other factors such as changing soclal conditions, improvements in
therapy, and most important of all, the harmful effects of tobacco smoke, all
tend to obscure the plciure and meske the interpretation of results and trends
more difficult, if not extremely impossible.

Summery of Discussions

Dr. Fritseni recounted difficulties he had haf in gettimg opinion response
from the public and he asked Professor Lawther about hls approach. Professor
Lawther said 1t was important not to be too ambitious, but to limit any query
asking for written reply from the public to question,.

Coneerning the physiologlcal response to CO uptake and its dependence
on such factors as time of exposure and concurrent CO, intake, Professor
Lawther said this also depends on pulmonary ventilation cepacity. . He again
noted that his tests were carried out on a variety of workers, such as traffic
police, as well as non-workers, It was not possible to get more than 4% CO
saturation in these people, His group is now looking into syneristic possi-
bilities, using antihistamines, alcohol and other commonly imbibed substances
in order to evaluate better the effects of CO on the human system.

Asked whether it would be desirable to standardize methods of research
to make 1t easler to compare results from different studies, Professor Lawther
said this would not be desirable but that everyone must be extremely critical
of experimental work reported in the literature. He criticized the bad
editing of many scientific Jourmals being published today, He discussed at
some length the problem and importance of devising non-biased testing proce~
dures and of incorporating double blind controls and random input of test
factors in experiments requiring evaluation response from test subjects,

Professor Lawther also discussed some of the lnown physiclogical effeects
of CD polsoning, particularly the irreversible chronic after-effects of non-
lethal doses.
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19« AN OUTLINE CF WHO ACTIVITY IN THE
FIEID OF ATR POLLUTION

by

3
R. Pavanello

Early work by WHO

WHO activity in the fleld of alr pollution started in 1955 when the
WHO Regionel Committee for Europe recognized it as & scrisms problem and
concluded that a combined effort by the countries of Eurcpe was required
for its solution. The recommendations of that Committee led to the Con-
ference on Public Health Aspects of Alr Pollution convened by WHO in Milan
in November 1957, Twenty-one European countries participated in this first
meeting of its kind in Europe, Observers alsc attended from the United
States, the European Coal and Steel Community and the Organization for
European Economic Cooperaticon, The Conference considered the sanitary
engineering problems involved in the prevention of air pollution as well
&5 the public health and administrative aspects.

Many of the participants confirmed, by striking examples of ill effects
on man, animals and plants, that air pollution was a sericus and difficuit
problem in their countries, and one that was rapldly getting worse, Although
lack of conclusive proof of a direct relatiocnship between air pollution and
deleterious effects on human heclth ozd well-being was considered a serious
handicap to effective acticn, the Conference was satisfied that there was-
sufficient information availlable to press for immediate control measures,

Immediately following the Milan Conference, the first meeting of an
Expert Commitiee devoted to air pollution was convened in Geneva in
November 1957. Thus, states the report of this meeting, "the World Health
Organization recognizing its responsibility in the matter of air pollution
as a threat to the health and well-belng of peoples throughout the world,
took 1ts first steps to marshal the facts and to suggest procedures by
which preventive and remedial action may be taken by its member countries
before serious harm is done to the health of their pecple",

* Chief, Envirconmental Pollution Unit, WHC IIradquarters. Geneva
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The Expert Committee dilscussed the nature and causes of the problem,
methods for measuring pollutants in the ambient air, the effects of air
pollution and the need for preventlion and control measures, The effects
of air pollution were divided into four categories, namely (1) effects
upon human health, (2) effects upon animals, (3) effects upon vegetation
and (4) economic and sociological effects, However, it was the primary
concern of the Committee to consider the relationship of air pollution to
human health.

That Exrert Committee made many specific recommendations relative to
(1) standardization, (2) research, (3) collection and dissemination of
informetion, (4) administration and legislation, (5) treining, (6) education
of the public, and (7) publication of a monograph, The last recommendation
led to the publication in 1961 of WHO Mcnograph No.46, entitled "Air Pollution",
a 432-page reference consisting of fourteen chapters, contributed by experts
from seven countries.

In 1959, the WHO Reglonal Office for Europe started a study to determine
methods for relating non-specific disease states with air pollution, From
this it became clear that there was a widespread but rather unco-ordinated
interest in the epldemiology of air peoilution, and some preliminary con-
clusions were drawn from an internmationz) symposium held at Copenhagen in
Decenber 1960.

The Eighth European Seminar for Sanlitary Engineers was also entirely
devoted to the subject of air pollution. This meeting, which took place
at Brussels in Qctober 1962, provided a forum for the exchange of information
on technical and administratlve measures for the prevention, evaluation and
abatement of air pollution for the participants of the nineteen countries
represented, On the basis of specially prepared documentation, the Seminar
identified the main air pollution problems in Europe and thelr causes,
reviewed programmes and control measures enforced in European countries,
methodology for syrveys and pollutant measurement procedures, and legislative
and administrative control measures.

Activities since 1963

The lack of general agreement on fundamental principles on which to
base maximum permissible air pollution levels was discussed at another
meeting which also dealt with the rationale for air quality criteria.

1 Publications in this serles appear in English and French, ancd occasionally

also in Russian and Spanish.
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In reviewing the situation as regards standards for air quality, it became
apparent that although several governments had adopted such standards,

they varied widely because they had been based on different guides and
crlteria, Though no gulde or critericn was formilated, certain impeortant
principles were agreed upon, and the criteria adopted by some countries to
assess air quality, as it relates to human health, property and the environ-
ment in general, were reviewed, The role of epidemiological and aerometric
surveys in the development of guides to air quality and the role of effects
such as damage to vegetation, soiling of surfaces and visibility reduction
were also considered.

In 1963 a second Expert Committee on air pollution was convened by
WHO. This Commitiee reviewed the report of the afore-mentioned meeting
on alr quality criteria and guldes, endorsed its general approach to the
subJject and, In particular, the principles and definitions of criteria and
guides to air gquality, i.e.

Criteria for guldes to alr quality are the tests which permit the
determination of the nature and magnitude of the effects of air
pollution on man and his environment;

Guides to air quality are sets of concentrations and exposure times
that are associated with specific effects of varying degrees of air
pollution on men, animals, vegetation and on the environment in general.

The Commlttee felt that internationally agreed guldes to air quality
were desirable and should be set up as soon as feasible, It stressed that
pollution of the air by bioclogically harmful substances resulting from man's
activities should be avolded to the maxirum extent possible. Concerning
emission standards, the Committee states that *international standardization
of emissions of pollutants is virtually unattainable and the prescription of
such standards must be left to the diseretion of individual governments or
local administrative authorities".

In reviewing progress made in air pollution contrel, the Committee
noted that a number of countries had in the lst few years passed new legis-
lation, that technical means for control had advenced, that methods for
monitoring atmospheric pollutants, especially stack emissions, had Improved,
that heating installations in urban districts were being operated nore
efficiently, and that town planning, improved traffic regulations and meteo-
rological warning systems had all tended to keep down air pollution in the’
last years.
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The Committee noted the need for controlling automcbile and diesel
exhaust gases as well as the pollution caused by the combustion of coal,
It was recognized that international collaboratlon was desirable for the
resolution of air pollution problems associated with motor vehicles, the
elimination of sulphur dioxide from flue gases, and meteorological condi-
tions, to investigate the loss of working hours from ill-health caused by
gir pollution, to elaborate methods for treating or burning coal in develop-
ing countries and to disseminate information on air pellution control.

The Committee made specific recommendations on research, on research
co~ordination, co-operative studies on the epidemiological effects of air
pollution and commended the WHO practice of awarding fellowships for labo-
ratory and field work. Further study was recommended on intermationally
acceptable guldes for air quality, and 1t was proposed that a glossary of
terms used in air pollution control work be prepared.

The many recommendations of this Committee led among other things to a
serles of scientific group meetings and, although these scientific groups
digcussed varicus facets of environmental pollution, air pollution received
considerable attention.

Methods and procedures were discussed for providing a scientific basis
for regulations to prevent long-term effects on health from air and water
pollutants., Long-term effects were defined as the effects of acoumlation
and storage of pollutants; +the delayed or insidious effects of relatively
high concentrations of pollutants, the contributory or accelerating role of
pollutants in the development of chroniec diseases, in aging and life-
shortening; the irreversible, prolonged or repeated impairment in important
body functions; c¢hanges produced in immunology or other body defences, and
in the transmissible genetic material of the body. ‘The long-term effects
of air pollutants inhaled intco the respiratory sysiem received special
attention, the most important long-term effect belng the presumed correlation
between pollution and chronic non~specific lung disease.

The principal purposes of air pollution meesurement were defined: +to
meke a preliminsry assessment of pollution problems, to identify sources of
pollution, to estimate health effects, to assess air pollution in relation
to weather, to evaluate the effects of control measures, to gulde economic
plaming and development, Measurements were also vital for the development
of air quality criterla and guldes.

In reviewing zanalytical methods, the importance of simple, sensitive
and especially specific methods was emphasized. While apparatus for some
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of the new analytical procedures was expensive, savings in menpower and the
resulting improved specificity and sensitivity in measurements might justify
the high cost of certain new equipment,. In this connection, WHO was reccm-
mended to publish monographs presenting reliable methods for the measurement
of Individual pollutants thought to be important for public healthq Such
monographs are now in preperation, while a guide to the selection of methods
for measuring ailr poliutants (the first draft of which was presented to one
of the secientific groups} is now in press.

Bearing in mind the recommendations of the 1963 Expert Committee and
of the various sclentific groups concerning motor vehicle exhausts, a report
on the public health aspects of air polluilion from diesel vehlicles was pub-
lished in 1967, This dealt with fuels and thelr combustion products, the
effects of incomplete combustion, the differences between petrol and diesel
engines; it compared petrol and dlesel englnes as regards thelr air-polluting
tendencles, and explained the health implications of dlesel engine emissions
and how to prevent such emissions. The Expert Committee on air pollution
organized by WHO in 1968, on the other hand, considered in detail urban air
pollutants emitted by motor vehicles, and reviewed methods for sampling and
analysing these pollutents, their health effects, their effects on the
environment, and guides to air quality, as well as control methods and thelr
efficiency.

The Inter-Regional Seminar on Air Pollution Control, 1967

Training in technigues to combat specilal health problems has always
been a tenet of the Organization's programme, Air pollution contrel is no
exception. A recent example of a group-training activity was the Inter-
Regional Seminar on Alr Pollution Control, convened by WHO in collaboration
with the Qovernment of the USSR in Moscow and Volgograd in 1967, Five WHO
Regions were represented at this Seminar which covered: general and
organizational problems, meteorological problems in air pollution econtrol,
eriteria and guides to alr quality, alr pollution -surveys and methods of
measurement, health effects of air pollution, and air pollution control
technology. A report on this Seminar has been prepared for distribution
to all participants and other interested persons and institutions.

The WHO Tnternational Reference Centre on Air Polluticon

As part of itg research programme, at the end of 1967 WHO established
en International Reference Centre on Alr Pollution, and a number of regional



EM/ES /14 WHO EMRO
page 116

and national reference centres and collaborating laboratories are now being
designated to form, together, a world network of institutions. The fime-
tiong of the Internmatlonal Reference Cenire are to advise on research results
regarding the health effects of air pollution, on the organization of air
pollution surveys, on the identification of measurement of air pollutants
and on control methods. It will provide consultant services on research
and technical problems, it will carry out research on behalf of WHO, co-
ordinate research and evaluate the results cbtained by the collaborating
laboratories and naticnal institutlons, and advise WHO on new research needs,
With the assistance of collaborating laboratories and national institutions,
it will elaborate metheds for identifying and measuring air pollutants and
organize and co-ordinate inter-laboratory comparisons on the use of such
methods, Tt will train individual specilalists and organize international,
reglonal and national training courses in air pollution control.

As a first task, the International Reference Centre has undertaken a
critical revliew of a number of methods for measuring air pollutants,

WHD Reglonal Programmes

As already mentioned, the Reglonal Office for Europe began a detailed
study on the health effects of the problem in 1959; in 1962 the Eighth
Furcopean Seminar for Sanitary Engineers was devoted entirely to control
methods and teehnology, while another Furopean symposium on the health
effects of air pollution took place in November 1968, which reviewed and
discussed the trend of alr pollutlion in Europe, methods for sampling and
asseasing the extent of pollution, the health effects and the establishment
of guides and criteria for amblent air quality standards.

In the Region of the Americas, work on air pollution started relatively
recently, While much valuable research and practiocal control work has been
done in the USA, as to constitute a model of its kind, the problem is Just
emerging in Letin America. Thus at a meeting of the Directing Council of
the Pan-American Health Organization in 1965, a resclution was unanimously
epproved recommending Ministries of Health to take up the problem and
requesting the Pan-American Health Organization to grant technical assist-
ance in this field. Shortly afterwards, a plan was drawn up for monitoring
air pollution in urban areas throughout the Regicn. This surveillance net-
work is now in operation, linking ten large cities spread over nine countries,
In the meantime, some air pollution research work had been conducted by the
Tnstitute of Occupational Health and Air Pollution Research at Santiago of
Chile, an establishment created by the UNDP/SF and for which WHO had been
the Executing Agency.
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This Seminar has in fact been planned to lock into the serious air
pollution problems that are becoming manifest in the Eastern Mediterranean
Region,

As for the South-East Asian Region, some work on air pollution has been
conducted since the inception of the Central Public Health Engineering Re-
search Institute, another UNDP/SF establishment for which WHO was the
Executing Agency. This side of the Institute's work will increase in
importance now that air pollution problems are starting to cause concern
in India and cther countries of the Region,

Technical Assistance to Member Countries

Assistance to individual Member Governments is a traditional funetion
of WHO and in the field of air pollution the Organization has since 1960
provided such assistance to a number of countries includings: in the
European Reglon - to Turkey, Hungary and Yugoslavia; in the Eastern
Mediterranean Reglon - to Kuwalt, Iran, Cyprus, Lebanon and Israel; din the
Americas - to Argentina, Brazil and Chile, and in the Western Pacific Region
~- to Japan and Taiwan,

Collaboration with Other Agencies

As in other facets of its programme, WHO has for some ten years been
collaborating with various international bodies in the matter of air pol-
Jution - with the Specialized Agencies and their regional commissions, with
other inter-governmental organizations and with a number of non-governmental
organizations concerned with specific technical aspects of the alr pollution
problem.

In 1965 WHO presented a report to ECOSOC on envircnmental pollution -
a report that had been prepared in co-rmeration with ILO, UN, FnO, UNESCO,
WMO and TAEA, A further study on the question was requested by the Council,
and this was prepared and presented to the 1967 Session of the UN Advisory
Committee on Scilence and Technology and to the 1968 sessions of ECOS0C. It
is to be noted that at these sessions a resclution was unanimously approved
by the Council calling upon the UN $o0 convene an international conference on
problems of pollution of the human environment.

Another cogent instance of WHO c¢ollaboration with other UN agencies is
1ts work with WMO, in particular with the working group on atmospheric pol-
lution and atmospheric chemistry of the WMD Commission on Atmospheric Sciences;
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the first meeting of this group, in fact, endorsed the WHO recommended umits
for expressing the results of air pollution measurements, WHO co-sponsored
with the WMD the Symposium on Urban Climates and Building Climatology, held
in Brussels in Qctober 1968.

WHO, together with the UN and the PAO, particlpated in the UNESCO Con-
ference on Resources of the Biosphere (Paris, September 1968) and presented
a paper on problems of the deterioration of the environment (air, water and
soil).

WHO participates regularly in the work of various groups and meetings
concerned with alr pollution crganized by the TAEA, the Economic Commission
for Europe, and the Economic Commission for Asia and the Far East.

WHO has constant and continual contacts with the OECD. In 1964 WHO
also provided considerable assistance to the Council of Europe in plamning
and organizing a Buropean Conference on Air Pollution.

The Internatlonal Union of Pure and Applied Chemistiry and the Inter-
national Unlon of Local Authoritles are the non-governmental organizations
most directly concerned with air pollution, and IUPAC in particular has been
represented at WHO expert comittees and scientific groups, WHO is also in
contact with various international unions and associations (e.g, the Inter-
national Union of Air Pollution Preventlion Associations, the National Society
for Clean Air of the United Kingdom, and the Air Pollution Control Associa-
tion of the USA, etc.).

In the course of the next five years, the Enviroamental Pollution Unit
will concentrate on the followlng aspects of its long~term programme:

ie systematic investigations into and compilation of data on environmental
poliution in selected countries by consultants and through technical
meetings, designed to identify common problems and the type of WHO
assistance needed;

ii, the establishment and development of international, regional and national
reference centres and rollaborating laboratories in environmental pol-
lution (air pollution, environmental radiocactivity, water quality);
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i1i. establishment and development of applied research institutes (such as
the Central Public Health Engineering Research Institute » Nagpur,
India) in other WHO Regions (perticularly Africa) to serve as centres
for applied ‘research and development, as focal points for eperational
activity or consulting services, for country-wide dissemination of
technical information on environmental health, and for specialized
training;

iv., establishment and development at Headgquarters of an information service
on work i1n environmental pollution carried out by Governments of Member
States and other national and intermational organizations,

More specifically in the field -of air pollution the Unit will be
concerned with;

Be setting up tentative criterie and guides to alr quality;
be promoting and conducting studles into the effects of air pollution on
human health and the environment, and on epidemiological methods of

investigation;

cs. preparing guldes to the selection of suitable methods of assessing
and controlling air pollution, and assisting in applying such methods,

Summary of Discusslons

Professor Katz commented on the indirect use of experts by international
organizations end suggested that experts be hired directly for needed informa-

tion,
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20.  EMISSION STANDARDS THAT MAY BE APPLIED
TO SOURCES OF POLLUTICON

by

*
Dr. H.C. Wohlers
WHO Temporary Adviger

The development of emission standards that may be applied to sources
of pollution is an unmecessarily complicated subJect, It is difficult to
get scientific persomnel to agree on a procedure to be used for the develop-
ment of emission standards.

One sequence for the develeopment of standards is given below:

1. Prepare air quality criteria - that is, the relatlonship between pol-
lutant concentration in air and adverse effects.

2+ Develop eir guality goals or the desired level which the commumity
believes it can "live with",

Ba Develop air quality standards which may be capable of achievement in
the near future.

I From air quality goals develop emission goals necessary to achleve
desired air quality.

5. From air quality standards, develop emission standards necessary to
achieve air guality standards,

6. Develop designed standards - that is site, eaquipment, size of operation,
fuel, ete, - necessary to achieve emission standards.

7. Develop methods for measurement and testing of ambient air, control
equipment, and air pollution effects.

»
Professcor of Environmentel Science, Department of Environmental Engineering
and Science, Drexel Institute of Technelogy, Philadelphia
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Although the development sequence for air standards was simply stated,
the achievement of the sequence. is extremely difficult. The sequence of
events listed above would be consilderably simplified if emission standards
were based upon the maximum control possible (stack concentration, process
welght, and equivalent opacity) using most modern technology.

Often, procedures used in developing alr quality standards involve the
use of another commmity's air as a standard if one considers that the other
commmlity's air is desirable in cne's own commmity. One can also use
acceptable air quality which existed at an earlier time in setting air qua-
lity standards. Another apprcach is to use existing alr quality levels in
the area as the basis for regulatiocns. The combination of one or more of
these approaches may be used.

Summery of Discussions

See page 128, Combined with discussions of Lecture No. 21.
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21, DETERMINING EMISSION REDUCTIONS TC MEET
AIR QUALITY STANDARDS

by

*
Dr. H.Co Wohlers
WHO Temporary Adviser

We are finding out that we are changing the natural environment at a
rate faster that nature can handle it and a2t the same time sustein us and
our needs, We are not really trying to conguer nature but trying to find
a form of co-existence; where man's benefits do not stem from nature's
losses.

A1l of the complexities of the criteria - standards - laws and their
enforcement must be considered when one decides what reduction of emissions
is necessary to meet air gquality standards. The dilemms of this situation
is presented in Figure 10, As far as alr quality criteria are concermed,
it is difficult to relate the control of one pollutant to all pollutants in
the atmosphere; one cannot relate a single cause to a single effect. With
the multipllcity of pollutants in the air, no cne is knowledgeable concerning
the synerglistic or antegonostic effect of air pollution.

It is quite possible that, with all the confusion among technical people,
the only solution to this dilemma is to have the politicians listen to varilous
arguments and then tell the sclentist what values should be used as air qua-
1ity standards.

The cost of alr pollution effects must be considered in air pollution
regulations, Zoning is a factor, Diffusion equations may be used as an
indication of alr quality versus emissions. The type of regulation must be
considered, And finally for enforcement, the priority and impartiality of
the governmental ailr pollution control must always be foremost in the minds
of the public. And the enforcement effort is always hampered with a low
budget,

One must always consider the concept and desires of the people in the eva-
luation of air pollution problems. One such survey was undertaken in the

= .
Professor of Environmental Science, Department of Environmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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Buffslo (New York) area at two specific time periods - 1959 and 1962, 1In
both surveys it was clearly discerned that air pollution was not foremost in
the minds of the people of the area - Juvenile delinguency, commnicable
disease, unemployment, and alcoholism were factors considered more important
than eir pollution. If the publiec is not entirely behind an air pollution
control effort, little can be accomplished.

All of these questlons could be resolved if air pollutant emisslions were
controlled to the maximum extent possible using most modern technology.

Summary of Discussions of 20 and 21 above

Professor Katz commented that in establishing emission standards there
hes been undue influence from industrial hygiene where MAC values have been
set on the basis of individual pollutantis. Tn general air pollution, we
are dealing with a combination of many substances and in this case all syn-
ergistic, antagonistic and mutagenic effects are possible. He alsc noted
that a stack concentration standard does not glve an indication of the total
daily pollutent discharge unless the flow rate 1s known; emission standards,
therefore, mist be considered in the terms of plant size and population. ‘The
use of expert consultants and modern technology is no guarantee that results
at two plants will be equally good since experits often disagree with each
cther; therefore, it may be desirable to set standards well below known
criteria, Dr. Wohlers sald there were three important points to consgider
in any formilation of standards, namely, (1) grain loading per unit volume
for each pollutant, {2) process welght discharge per day, particularly for
large plants, and (3) equivalent opacity.

Tt was emphasized from the floor that in addition to legislation on air
pollution control, effective enforcement provisions are required. The ensuing
discussion was concerned with various aspects of leglislation and enforcement
es well as with the effectiveness of voluntary acceptance of controls by
industry and by the private citigen. It was said that legislation, to be
effective, needs a receptor and this requires a campalign for mass education
of the public, In Western countries, legislation on air pollution arises
essentially from the pressure of public opinion, but in the developing coun-
tries this was not the case,

There was much discussion about optimigation of fuel type and use as an
air pollution control measure. Professor Katz noted that for power production
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the trend in this respect might bes oocal, oll, gas, atomic power. How-
ever, he said, a developing country also had the problem of developing its
own natural resources and it might, for example, consider the use of ccal
resources for industrial operations, where ccntrols are easler to apply,
and to use gas or oll for domestic purposes.
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22, PLANNING ON AIR POLLUTION MONITORING PROGRAMME
by

L 3
Professor P.Je Lawther
WHO Temporary Adviser

It was stressed that all too frequently programmes are designed with-
out giving adequate thought to the reason for monitoring pollution and that
the methods used, the substances measured, the sampling times employed and
the length and result of the surveys will all depend eritically on the
reasons for measuring pollution which must be carsefully defined, The
following polnts were emphasized: almost invariably the proper survey of
pollution is much more difficult than is at first thought; i1f trends are
to be assessed, very long periods are needed to allow for "normal" varia-
tion; if long term samples are needed, the stability of the compounds
samppled and their method of storage is Important; if international compa-
risons are to be made, clearance with customs authorities must be arranged
for transport of samples, and standardization of equipment methods ensured,

The siting of samplers is of obvious importance and all too often it
is forgotten that not only is man the object of the survey but that he
himself is the best (and often only) relevant sampling equipment.

Often one forgets that some sampling programmes are unnecessarily
comprehensive inasmuch as they duplicate work elsewhere which has already
answered the problems posed. An example of this type of duplication is
the measurement of carbon monoxide in streets which will be discussed, of
ocbvicus importance is the recognition of the effects of variation in local
topography, weather, and population distribution and migration,

Summary of Discussions

Much attention in the discussion wag glven to carbon monoxide in auto-
moblle traffic exhaust., Professor Lawther noted that this was not a
demonstrable health problem among traffic police and other workers in areas
of heavy motor vehicle usage; and so it 1s not likely to be a hazard for the
general public,

* Director, MRC Alr Pollution Research Unit, Professor of Environmental.
Medicine, St. Bartholomew's Hospital, Medical College, London
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Problems of emission of pollens and other organhic allergens and
irritants among cotton workers and in castor bean processing were discussed.
Professor Lewther noted that in most cases, allergen effects disappeared
when the allergen exposure was stopped. However, it is possible for some
lungs to become sensitized and even for fibrosis to develop if the exposure
is continued, He said he knew of no cases where cotton fibres were a
problem in this respect, but he thought that the castor bean allergen should
be studied as a matter of some urgency.
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23. THE KINDS OF ACTIVITIES CARRIED ON BY GOVERNMENTAL
ATR PCLLUTION CONTROL PROGRAMMES (OVERVIEW)

by

*
Drs HeCe Wohlers
WHO Temporary Adviser

An organizational chart for a none-existent air pollution agency may be
used as an indication of the kind of activities carried on by governmental
air pollution control programmes., The word "non-existent” air pollution
agency is used because no air pollution agency would be blessed with the
number and variety of personnel shown in Figure 11. Yet, members of an
air pollution agency must undertake and complete each of the items listed,

The air pollution agency is established as a result of legislation,
Normally a major managing commission or group goverms the air pollution
BZENOY. The head of the air pollution agency 1s responsible to this
management, The Hearing or Appeal Board is used to settle initial disputes
between the air pollubtion control agency and supposed violators of air pol=-
lution regulations, The Technical Advisory Comnlttee develops regulations
and evaluates technical factors involved in alr pollution control.

Reporting directly to the air pollution control officer are seven
divisions - Legal, Business, Technical , Engineering, Field Service, Research,
and Public Information and Education. As the name implies, the Legal
Division is responsible for legal activities of the agency - court cases,
legislative problems, zoning, programme planning, and liaison with other
governmental agencies, The Business Division is responsible for personnel
and Tiscal problems.

The Technical Division 1s responsible for all scientific factors
relating to the agency and air pollution regulations., The Technical
Division maintains a laboratory, monitors air, processes data, and is
responsible for meteorological and weather forecast problems and special
assignments, The Engineering Division is responsible for permits, surveys,
inventory and source tests. The Field Service patrols the area and
inspectors are the eyes and ears of the air pollution control agency.

*
Professor of Environmental Sclence, Department of Envirconmental Engineering
and Science, Drexel Institute of Technology, Philadelphia
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Fleld Service personnel appear in court to testify as to alir pollution
violations, ‘'The Research Division investigate unknown factors conceming
air pollution, of which there are many. The Public Information and
Education programme involves writers and editors for preparation of news
releases to the public, This Division should have as its prime objective
to keep the people informed of the progress of the alr pollution control
agency. Unless the people are aware that the air pollution control
agency 1s accomplishing the work 1t is suppcsed 4o do, the air pollution
agency will have difficulty in obtaining future funds to complete its work.

No Discussions,
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24, AIR POLLUTTON CONTROL PROGRAMMES AND
THEIR LEGAL VALIDITY

by
*
Dr. Engelbert W. Fritschi

Introduction

The continued search for scientific knowledge and the continued
industrial expansion have resulted in a rapidly advancing and changing
environment. Man has the ability and, in most cases, the desire to change
this environment to sult his needs. New cities are built to house the
growing population, new areas are developed for recreational purposes, and
new products are manufactured to satisfy the demands of the soeciety. The
period when men adjusted to his envircnment is changing to the era in which
the environment is adjusted to suit men.

As a result of these sclentific and technological advances, it is taken
for granted that everydey conveniences are readily at hand in most parts of
the world. ILittle or no thought is given by the average society how this
high standard of living hes been developed. It iz sufficient for man to
know that there is a constant search in progress to find new and better
meens for the protection of the society he lives in. Man's present day
coneeptions of modern living are based on the scientific discoverles which
have resulted in the increased comfort and safety of human life during the
past few generations.

In his pursult of an ever higher standard of living men completely over-
looked the side effects that may arise from this venture. While some of
these side effects may be of little significance to the society, there are
some that are of major importance to the health of the individual., Among
these harmful side effects, the problem of air pollution has gained strong
impetus in recent years. The significance of this problem is due mainly to
the sudden increase in population and industry in & certain, confined area.
In addition, no thought was given to the harmful effects caused by the emi-
ssion of the by-products from the everyday activities which are such an in-
tegral part of every modern technologically advanced society.

S . o

= .
WHO Professor of Sanitary Engincering, Pahlavi University, Shiraz, Iran



FM/ES/;‘:* WHO EMRO
page 1

The fact that air pollution is existing can be démonstrated in every
community., It is, however, a bit more diffiecult to demonstrate its mage
nitude and extent. Consequently, it is even more difficult to describe
the ways and meens of abating or even controlling air pollution. Even so
the law is &s old as or even older than the pollution problem, the aiffi-
culties in the control of pollution lay more in the interpretation and in
the acceptance of these laws; the most difficult problem for society secems

to be its acceptance of the fact that these laws are made for its protec-
tion. It is intended herein to describe the problem of air pollution and
its legel control from an engineer's point of view who has limited knowledge
of this complex problem. It is not claimed that the interpretation of the
legal validity of air pollution control is conclusive, but it is hoped that
it will inspire the individual to think in depth about this eritiecal problem,

The Air Pollution Problem

The term air pollution comes into being in the presence of man-made or
natural substances in the air in such quantities and of such quality and
for B certain duration that it will alter its purity and thus edversely
affect man's well-being or his property. This definition, although just
& single sentence and adapted from the definition of water pollution has a
wide latitude or application and may be used to permit the recognition of
the pollutlion, either sensory or by physical measurements. Both methods
are used for the identification of pollution, each having its strength and
its weakness, These methods, being man-mede, are subject to discussion and
hence to diverse opinion. It -may be well to review the flow chart as ill-
ustrated in Figure 1.

While natural air pollution sources have been with man for & long time,
the man-made pollution sources have had the greatest impact on his well-being.
0f the latier sources, the emission from moving vehicles has, perhaps, focused
the greatest attention of the public in recent years, Most of these sources
discharge, or emit, chemical compounds of a complex nature and if these com-
pounds interact with the atmosphere in the proper concentration, at the proper
time, and under proper meteorological conditions, they produce different com-
pounds by photochemlical reactions and hence are termed secondary sources of
pollution.

Pollution may be emitted in & particulate, gaseous, or liquld state.
Of these three states the gaseous state is of prime importance to the health
of man and animals, while the other two states are more detrimental to man's



WHO EMRO EM/ES /144
page 137
Figure 1
AIR POLLUTION
N
: )
PRIMARY SECONDARY
POLLUTANTS POLIATANTS
: ¥
]
SOURCES
I
R ]
‘SPECTFIC MOLTIPLE
i 7
{ r }
NATURAL TNDUSTRIAL FUEL COMBUSTION DOMESTIC
L i ]
T
STATE OF MATTER
i {
GASEOUS 1,IQUID PARTICULATE
T ]
EFFECTS ON
[ T T 3
MAN ANTMAL VEGETATTON BUTLDINGS VISIBILITY
[ T I g
nISULTS I
| — ‘ ,
TLINESS FINANCTAL LOSS ACCTDENTS
L 1

LAW BSUIT




EM/ES /144 WHO EMRO
page 138

property. In some cases pollutents may cause a reduction in visibility
and thus may result in public traffie hazards, As a consequence, the
financial loss to the individual and to his commuinity may be of considereble
magnitude, While man may be willing to accept air pollution as a "nuisance"
he cannot and he will not tolerate a finaneial loss. Hence he will seek

to protect his assets by one or the other means such ast (1) a complaint
to his political representative at the local, state, or national level,

(2) seeking an injunction with the local health authorities, and (3) a suit
may be filled against the owner, claiming damages. Neither of these ways
gseems to be a "reasonable" approach to alleviate the problem or at least

to control the socurce within "reasonable" limits, ‘The action of an individ-
ual to solve the problems of his society are, in most cases, lmpeded, for
he lacks the ability and the power to successfully solve this difficult
task. HRepresentatives of the people at the various levels are, for all
practical purposes in most countries, not in a position to solve all these
problems for the individual mainly because they are elected by the people
but they are supported financially during their pre-election time by the
industry. The alleviation or caontrol of the problem by legal court mction
has been solved satisfactorily in very few instances, This approach has
generally caused a great deal of frustratlon, and the loss of time and even
more money than the amount of damage that was claimed by the pleintiff.

The plaintiff, being the Individual who commences a personal law sult to
obtain & remedy for an injury to his rights,

Air Pollution qutrol

The aims and cobjectives of controlling any type of pollution are to
maintain a "reasonable" degree of & clean environment for the benefit ofs

l. Maintaining a high level of publie health;

2. Protecting the plant and animal life (natural as well as
agricultural);

B Protecting private and community properties;

I}, Continuing economic development and growth;
and thus alr pollution is no exception. While standards for the measurement
of pollutions in the fields of water pollution and nutrition have been wide~

1y accepted, the methods for the quantitative analysis of elr pollutants have
not had this type of coordination., In addition, the laws and/or regulations
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for the control or abatement of air pollution are, in some cases, not as
clear and specific to afford wmcontested enforcement. At the present many
of these regulations or laws may be read as:

"aAny person or group of persons discharging such amounts of contame
inants into the environment as to interfere with the "comfortable
enjoyment of life is a publlc nuisance and is guilty of misdemeanour
and shall be fined accord l “ly."

Although the above statement may be & regulation that can be applied to any
type of contaminant, it is evident that it becomes subject to many arguments.
Many court sults have becn dismissed because nelther party could define
accurately the term "reasonable" in order to enable a discrete ruling by

the courts, The term "comfortable®™ can only be interpreted or defined in
accordance with the standard of living of one individual and with his

state of mind, Two individuals having the same profession and the same
income level may differ corpletely in their opinion on what is "comfortable".
In view of these human variables, in addition to the many variables that

are brought sbout by nature, it seems like an irpossible task to find the
proper solution to any air peollution programme so that it may stand before
any court.

The Air Pollution Control Programme

It is evident from the aforementicned that a sound programme cannct
be accomplished by an individual of soclety. DBut the rroblem can and will
be solved with the help and cooperation of the various levels of a commurn-
1LY, There are many ways in which the solution to this problem can be
achieved, Figure 2 1llustrates one route to approach to a programme that
tends to be economiccl as well as feasiblea

The Alr Pollution Contrel Programme should be organized and directed
by a scientific advisory boord composed of appointed representatives from
public and industrial branchzss of the commmity, Each of these represen~
tatives should be a qualified professicnal in his specific field having a
sincere interest in the further development of his environment., ‘The final
goals to be achieved are: (1) to improve the present conditions of the
environment, (2) to control the allowable emission in the future, and
(3) to construct alir pollution laws that are based on solid lmowledge.
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Perhaps the most inportaent part in this venture is the improvement and
the control of the emission of »nollutants from the existing industries.
These industries, belrg in operation for many years and contributing to the
wealth of the commmity, are suddenly faced with modifying their emission
equipment and thus are burdened with a financial Investment that does rot
result in & direct recovery of their investmont. In addition, it is
difficult, if not impossikle, to foree the industry to modify 1ts equipnment.
The closing of the industry would be the worst of the two "evils", it would
result in unemployment end hsnece in more financial loss to the society.

Another very irmortralt faetor in this programme is a sound public
health education, It is believed in some countries, that the education
of the public and the foeusing of thair atitention toward a clean environ-
ment has had the best reculitc, Erpheslis is placed on the emission of
pollution from domestic gources such as heating systems and the burning of
garbage on their owm prenises. In addition, the public should be instructed
of the steps to be token by the individual in case of an emergency due to an
air pollution disaster. Audio-vistal aids should demonstrate pollutants
from all sources for then the individuzl would obtain a basic knowledge in
the identification of the pollution rroblem. Hence he may be able to aid
in the surveillance of come of ths sources of air pollution.

To frame the bagic Tindings of lhe problem in a commnity and to aid
in the regulaticn of the futurz, the legal advisers should be chosen on the
basis of the merits of theilr accouplishmrents. These advisers have a very
difficult assignmoat to perfcrm for thoy should (1) define the present
problem, (2) aid in thes leznl development of the rtules and regulations for
the zoning of the commmnity area, and (3) define and establish future laws
for the control cf polliuitiocn. Thay are, indeed, the centre and core of
the programme and thoy benr a great part of the responsibility for the
successful corplotion of such a venture.

The enginezrs hove so far recclived very little attention in this discu-
ssion, although they particlocte in a number of areas in an air pollution
control progroaimne. Sor2 of the more important functions of the engineers
are to (l) develon new ecwd pmont and processes for abating air pollution,
(2) provide the requirad acsisiznce in the field operations, and (3) aid and
participate in the basic ressawch progremme. While anyone may be able to
develop the equipumcnt and processes for abating sources of air pellution
from existing industries, it is the Jjob of the engineer to do it at reas-
onable costs, Henco, the engineer is reguired to demonstrate a broad
knowledge of the particer” :r problem and to also demonstrate engineering
skill in the approach of the deslign of the cquipment, In addition, a groal



EM/ES /144 WHO EMRO
page 142

deal of flexibilitly is required when communicating with the management of
the industry., Many times the engineers are required to aid in the detec-
tion and location of the sources of pollution and, hence, in the preparabion
of the report, This report serves, in many cases, as the basis for legal
action and thus requires the engineers 1o appear as expert wltnesses before
the courts, Alzo their participation in the basic resecarch programme ena-
bles them to obtain a broader lmowledge of the air pollution problem,

It has been demonstrated that complaints have been dismissed by the
courts because of poor correlation of the collected data. Therefore, it
is evident that the basic research group must solve a number of problems
of diverse characteristics. Some of the more important problems that must
be solved in the near future are: (1) the determination of the effect of
air polluticn on men, animals, and vegetation, (2) the development and the
modification of analytical methods for the guantitative and qualitative
identification of pellutants and hence determine threshold limlts, (3) the
design and testing of field eguipment for monitoring eir pollution, (4) the
correlation of distinet emlssions of ~7r pollutants to meteorological data,
and (5) the collection and evaluation and the statistical analyses of the
data and thus make recommendations for guality stendards.

Legel Bases for the Control of Alr Pollution

A review of the previous discussion reveals that a control programme
of such magnitude and diversity can cnly be solved if and when all of the
remaining questions are satisfied, With an increase in scientific and
technological knowledge it will be possible te legally cafine some of the
terms that are so much subject to arguments at the present, While the
present "common law" rules assure a plaintiff of his rights, be it a
tprdvate" or "publiz" nuisance, the distinctions are highly elusive, and
if not presented in the proper form of acticn may result in severe comse-
quences, Hence, it is evident that the basic foundation for & solid and
sound air pollution progrerme must be based on the findings of the seientif-
ic advisory board, The transition of the many, presently existing, un-
determined variables into determinants of lmown magnitude will incevitably
result in air polluticn laws and statutes that will clearly identify such
terms as “ruisance, irespass" and "intentionsl" or "unintentional", In
addition 1t will be possible then to characterize air pollution to the
extent where it will be cbeyed by every Individual of a community without
exeeption,
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Coneclusion

Although the task of alleviating and controlling the air pollution
problem is not an easy one, it will and shall be solved in the near future.
The problem has been created mainly by men and thus it can only be solved
by man. licwever 1t appears reasonable to believe that any society that is
faced with this problem will meke every effort to alleviate it and those
societies, blessed with the absence of the problem, will make every effort
to prevent it from encroaching upon them, As air pollution control prog-
rammes are belng governed more and more by the local authorities, its
impact will spread to the state, national, or even Intermational level and
hence the laws and statutes may stand before any court without being subject
to frustration and ridicule. Finally, this outline 1s not meant to be a
scientific contribution but it is hoped that it will inspire the individual
to think of how he can contribute his share for the final solution of the
problems If this has been accomplished, if only to some small extent,
this individual is loocking most hopefully into the future.

Summary of Discussions

The problems of operating an air pollution control programme with a
limited staff and the need for well-qualified personnel was glven extended
discussion, FEmphasis was placed on programme development and on the need
for doing this in time before ajr pollution in this Region becomes over-
whelming. The countries of the Easterm Mediterranean Reglon should not
repeat the costly mistakes of the more developed countries,. The main
preblem frequently was how to get started and, it was pointed ocut, WHO has
had some experience in this. Mr Pavanello recounted the experience of
Santiago, Chile, as an example and suggested that the participating countries
at this Seminar might consider the possibilities of developing effective
programmes and of obtaining and training gualified staff through the ‘co~operation
of the ¥orld Health Orzanization. Governments who feel a need for develop-
ing eir pollution programmes might take this matter up with the local WHD
representatives,

Another need cited was for a set of standard procedures in air pollution
analysis which would have a legal validity comparable to that of the Stan-
dard lMethods for Analysis in the water pollution field. Professor Katz
said thet work on this was under way in the United States and he discussed
various aspects of the project.
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The desirabllity of having clear-cut standards for simplifying legal
action was brought up, Dre Fritschi said thet complete dependence on
standards and law for air pollution control is a fallacy end more use
should be made of psychology. An industry should be shown how many man~
hours and how mich money or profit is lost during an air pollution eplsode
as well as how much damage is done to materials, vegetetion and animals,
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AGENDA
Opening of the Seminar
Election of Officers: Chairman, three Vice~Chairmen and Rapporteur
Adoption of the Agenda
Atmosphere Pollutants and their effects
Air Pollutlon epidemiological aspectas
Air Pollution problems in the Regilon
Measurement of Pollutant Emissions (methods and demonstrations)
Alr Pollution emission inventory
Air Quality Criteria and Guides
Air Pollution monitoring programme

Air Pollution control programme {organization, tralning and
legislation)

Sumpmary of conslusions and recommendations

Closing Session
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