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The pollution by man of the atmosphere, which has now become a 
problem in many countnies, has increasingly attraotea the atbention of 
the World Health Organization which has sponsored several meetings of 
experts, conferences and seminars t o  study this aspect of the pollution 
of the envlrbnment. 

O r e a t  efforts have also been made, during %he past fifteen ye=&, by 
various governments and agencies concerned, including the World Health 
wanisat ion,  t o  define the air pollution problem and. its effects, t o  
develop methods for measurements of pollutants and devise mans for oasltrol. 
The air pollution problem is, nevertheless, on the increase everythere, 
lMe@, i f  technical progress and economic expansion are the very oharatjteri&+ 
t i c s  of our modern $aciety, they have at  the same t%me produced by-products - m m y  of them unwanted or unexpected - rermlting i n  various fonm of 
environmental pollution including air pollution, the impact of wfiich is 
now f e l t  by millions of people. 

It is realized that the pollution of the air is not severe i n  a l l  
m a s  of the Eastern Mediterranean Region. However the need for more 
information on thls problem and its effects on nan 8nd its envirolMlerrt 
has been recognized3 also the need for information, t o  be W e  available 
t o  the counzries df this Region, on means of technological control afkd in 
particular on means for prevention. Thebe topics were reviewed art the 
Seminar reported an here and several papers dealt in d e w 1  ~5th ths variola8 
effects of air p h u t i o n  and the important aspects of pollution abntenmt 
and oontrol inc lwng legislation and health educatiorb Ihe useFulness d 
the subs&aent technical discussions, smmrized in this document, -were 
underlined by many participants. The hope was expressed tbat WHO'S 
assistance t o  Member States i n  the f ie ld  of air pollution would continue 
and expand. 

m s  was the first one in this f ie ld  orgarxized in this R e g i o n  
by the, Regional OFPice for the Eastern MmcUtem9nean of fhe World Health 
organisation. 

The purpose of this meeting was t o  exchange information on the air 
pollution problems of this Region, t o  direct attention to  the inmasing 
need for prevention and t o  provide guidanoe, n o w 4  as regard8 air 
mnitorlng progrannaes, for countries now undergoins rapid Znduatriallaaticm 
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and wrbanlzation 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 reconrmendations which would assist in defining action 
towards air pollution control, 

It was gratifying to see that the responsible departments of govern- 
ments of this Region are already finding it desirable to assess the current 
and potential air pollution situation and that efforts for prevention have 
been or are beginning to be made, based on the premise that no one should 
use the atmosphere inconsiderately as a receptacle for wastes which m y  
affect the health, comfort or property of people. Emphasis is being placed 
at the sarae time on the need for proper planning and for setting out of 

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 
planned, can ever be implemented. 

This Seminar on Air Pollution, convened by the Regional Office for the 
Eastem Mediterranean of the World Health Organization, was organized with 
the assistance of the Govermrnent of Iran, the host count&-. It was held 
in Teheran from 21 to 29 April 1969. Participants from nine countries 
attended the meeting, namely from Cyprus, Iran, Iraq, Kuwait, Lebanon, 
Pakistan, Southern Yemen, Sudan and the United Arab Republic, In addition 
two countries *om the European Region of the World Health Organization, 
Rumania and Tmkey,attended the Seminar. The list of participants, 
consultants and staff is given in Annex I. 

The Seminar was opened by H.E+ Dr. M. Shahgholi, Minister of Public 
Health, Iran, who introduced the problem of air pollution, mentiom 
WHO'S assistance in this field to his country and welcornLng the partici- 
pants. Dr. A.H. Taba, WHO Regional Director, Eastern Mediterranean ~egion, 
addressed the Seminar on behalf of the Warld Health Organization and then 
Dr. NcF. fzmerov, Assistant Director-General, WHO, Geneva, and Dr. M. Saleh, 
ex-Minister of Public Health and ex-Chancellor of Teheran University addres- 
sed the meeting, 
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After the opening geremony, the following officers were elected : 

HoE. M. Adsarz (?hairman 
Under-Secretary of State ,  Planning and Programmes, 
Ntnistry of Public Health, Teheran, Iran 

32, Za Vice-Chalrmn 
Deputy Secre&%ry w d  Deguty Director-General. of Health, 
mnis t ry  of Health, Eclccation and Social Welfare, 
Islambad, Palcistail 

Dr. AcAIA, Amer  
Director, Industrial Health Cepmtment, 
Ministry of Publio Ilealth, Cairo, United Arab Republic 

Dr. Y* Oslrmn 

C h i e f ,  Occ~p~?. ional  IIecclth j ; i~ i s ion ,  
mnls t ry  of EezZtl?, r n ~ t o . ~ ~ ,  S~~cleJ-l 

Rapporteur 

Some geP.era1 statements afid a broad outline of the subject of the 
Seminar were presented by W, LoJ+ Lovelace, WHO Secretariat, Who then intro- 
duced the WHO T e m ~ m y  Adxisers, Professor PZ Katz, D r r  H.C. Wohlers and 
Professor P. J* Lar'iUIer, 

The WiiO experts p ~ e s c ~ t e d  a series  of papers on specific aspeots of the 
a*-pbllution problem, which were discussed in Plenary Sessions, as sumParized 
unhr  P 6 ~ t  IX. 

The methods of M e  Seminar involved the preparation and presentation 
of twenty-two papcrs followed by discussions between the partioipants and 
the lecturers., Considerable interest  was shown by the participants who 
appreciated the misterly presentation made of the various topics by the WEfO 
Temporary Advisers, 

Some basic docvmsn?s were sent t o  tha participants fo r  t h e i r  ad-e 
information Prior t o  the meet.ing; and an outline of the papers was handed 
tothem before the s W  of the .Seminarr Background material on air pol- 
lut ion was also 6n display during $he SemLnarc and was distributed ~~, 
as  requested, t o  persons interested* . The l i s t o f  these documents is shown 
in I.bnex 'w* 



The programme of the Seminar covered all the aspects of air pollution 
from the exposition of the problem and its effects on man's heath, on 
vegetation and property, to air pollution emission inventories, air pol- 
lution monitoring and control programmes, includiag organization, training 
and legislationt The air pollution problems in the Eastern Mediterranean 
Region 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 'air pollutants. !Che agenda and list of basic documents are given in 
Annexes I1 and 111. 

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

V THE A I R  POILUTION PROEUEM 

In the presentation of the problem of air 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 m's health were presented by 
Professor Lawther in his lecture which aroused the greatest interest 
Etlrd was followed by lively discussions, the sunnnary of which is given 
under Part II. 

The effects of air pollution on vegetation and of lrreteorological candi- 
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 pollutants found in the atmosphere, including those emitted 
f'rom various sources, and the other effects of air pollution were taken up 
in three presentations of great interest by Dr. Woders, The text of the 
papers presented and the followbg discussions are also recorded under 
Part 11, 

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

Air pollution is a most complex problem, and the enrlssions of so many 
different pollutants into the air, their transport "SrouQ;h the atmOSphere 
and their effects directly or indirectly upon man and his environment do 
require studies and activities involving a number of different disciplines. 



In fact ,  no single discipline, including ecology and epidemiology can alone 
appraise the complexity ,of  taze a i r  pollution phenomena. . Yet the numerous 
facets of khls mu&tidisciplinary problem may not all be accessible t o  a 
satisfactory scientif ic  exploration.. 

It was noted that a i r  pollution is not a new problem of loan's technolo- 
glcal advances, but a problem as old as hunranity, The advent of f i r e  fop 
cooking and heating purposes could be corsidered as man's first experkence 
with air pollution. Yet in  early times mn could m e  t o  a new location 
whenever his envimmental problems, Lncluding a i r  pollution, became into1.- 
erable. way, it is not possible t o  move c i t i es ,  and man is disafrarging 
pollutants at a rete exceeding the capacity of natural regeneration of the 
air. Man has therefore t o  find a form of coexistence with nature; he lrarst 
and, fortunately, c&? solve "he a i r  pollution problelp, The higher the air 
quality desired, the grcnker of course w i l l  be L.he cost of control, It has 
been er@msized *.t the lack of control causes moTe monetary losses t o  the 
public Ulan d3es the cost of controlo 

It was. stated that  mteorology pleys ?in important part i n  air-,p~H.utloa 
control. A i r  pollution episodes may ad usually do occur when winds do wt 
blow; under these conditions the dispersion of pollutants Ss ndnlmal. 

deatlxhave occurred when these weather conditions existed oonc-nt- 
,Ly fay several days or. mre. Attempts have been made to use. dispersion 
equations ta -p?e-rre rnU~emtical, .-ls far urban. areas, -me recent .use 
of computers.has m a t l y  facilita.f@ the more accurate development of as- 
w e i o n  fomdlae. They should - serve as %n iclportant indicator for  the 
removal of pollutan-ks not being considered as a specific method of control. 

A review was made of the dynaxics of wind motion which included dis-. 
cussions on the pressure grecklent, farce, the horizontal deflecting forqe- 
due . to  earth's rotation, t h e  effect of wind fr ict ion,  and the - variation of 
wind velocity gradient w i t h  height. The thermodynamic significance of 
changes i n  lapse ra te  was reviexed; this covered the dry adiabatic, super- 
diabatic, and natural lapse rates. 

Atmospheric &*,ion. o f m t t e r  has reviewed, account being taken 
rwtably of the behviour of smoke pp-s, of .$he measuremen$ of atmospherio 
disturbanae, of the.Gaussian dlstribut&on of.airbome mabrial and of-- 
s t a t i s t i c & , : ~ r e a t m t  of l a te ra l  .&d veMca1  distributions of c c m c e n ~ t l o a s  
of pollu*ts, 

With regard - k ~  the effects ~f air pollution on man's health, it was 
recognized that air pol!-uCbon cloes affect those individuals with respiraimrr 
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illnesses, but it was pointed out that the effects of city air on healthy 
persons are still being debated throughout the world, Researoh on the 
effect of air pollution to human health 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 hun*tn health is 
complicated because man does not breathe pure air plus a single pollutant, 
say sulphur dioxide, Man breathes air that may contain a mixture of all 
of the elements and compounds known and hitherto unknown to man. 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. 

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

It was finally stressed that air pollution should be controlled to the 
maximum extent possible, using most modern technical processes and equipment. 
In fact equipment is available now to 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 pollution* 

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 cities, The prevention of pollutant 
emissions now will definitely be less costly than the control of air pol- 
lution at a later time. 

TIT Am POLLUTION P R O E r x m  IN EMR COUNTRIES 

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

i%ntion was made that during the past five years requests for WHO 
assistance had been received from various EMEi countries, as a result of 



which a number of surveys were undertaken, The problems of air pollution 
were i n  general not severe a s  they were most often localized and a s  su& did 
not affect great s p t i o n s  of the population, Tim in20rmation provided by 
the surveys was then reviewed, 

The situation as regards motor vehicles was discussed f i r s t  and atten- 
t ion focussed on the fec t  that some of the Larger c i t i e s  of t h i s  Region, 
such as  Tehera?, were l ike ly  t o  face air pollution problems in  the future 
with the increasing nuiiLer of vehicles, Photochemical smog f o m t i o n  was, 
a t  times, noted i n  that City. The problems of pollution from industrial 
sources including cement factories,  brick factories and refineries were 
discussed, The particular problem of municipal sol id wastes disposal and 
its implications i n  relation t o  ths increase of general air poUution o#r 
wban areas was considered as  well as the special problenls of dustfaf l  fkwm 
sandstom. 

Following the emos6 of thc si%v&tion in t&s Re:;;.ior;, r+.s psr doouments 
available a t  the Re@.onal Office fo r ' the  &stem Mediterranean .Region, the 
pai%icipants submitted up-to-date descriptions of the air pollution problems 
i n  their respective comtrtesa 

Till ~~ AND P t F A S U m  O F  A I R  POLLmON 

Field survey techniques-and related problems of s i tmpLing  and measure- 
ment of a i r  pollution were discussed i n  a series  of s i x  papers: Dr. Wahlers 
discussed the mthodology xor conducting odow surveys i n  the f i e l d  and 
source emission inventories* The ldnds of equipment available for  mafmrhg 
specific a i r  p01lu~lan.t;~ were described by E r o f e s s ~ ~  W ,  while the c r i t e r i a  
for  evaluating arrbient air.quality i n  relat ion t o  public health were dia- 
cussed by Professor Lawfhr. 

It was- noted, amohgst other points of interest ,  t h a t - i n  mst humans the 
sense of smll is weL1 :levelope$,-.and that adverse candit%ons of ambi&,air 
quality are.frequentiy detec.ted by changes i n  odour. before other physioal 
and chemical effects  are noticed. Because of its in t r ins io  reb%lon to the 
specific chemical compounds i n  the a i r ,  changes in odour are associated with 
chemical changes, particul&rlyokldation, of ttrerse c o n p m m d ~ ~  Ws fact is 
most important i n  making; &W..cweys i n  the f id& The use of the n&ur 
trfgungfen technique -for making od- su2Neys.in- the . f ie ld  was described in 
deta i l ,  and the complicated problem ofmult tple emission sources and We need 
for  taking in to  account meteorological factors w a s  stressed. The c o ~ e p t  
of threshold odour linlf was the2 rev5nwedo. It-was ncmd tha t  gas saanples 



can be removed from stack flows of known volumetric rate by suitable 
dilution techniques and the discharge in terms of 'odour units" deter- 
mined. Details on the above are also given in Part II. 

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 air pollution agencies. The development of an 
inventory must include location of all sources of emission on a mp, 
identification of the t;ypes 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 air sampling stations and for determining the analyses which will be 
required to assess the air pollution problem in the comnunity. Periodic 
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 II of this report, 
and also the following: it was explained that measurements of flow rates 
and concentratiws of individual chedcal compom in gaseous and particu- 
late emissions from pollution sources are required in order that air pol- 
lution surveys may be evaluated quantitatively. fiofessor Katz discussed 
some of the routine and special problem of sampling and analyzing stack 
flows as well as ambient air, and he briefly described the various types 
of equipment a c h  have been developed so far. 

The pressin@; need for standard analytical prooedures and for standards 
of air measuring equipment 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 testing. 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 ,902 
and CO. 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 reseaxch group in the 
United Xlngdom. 

It was noted that criteria of air qudity in respect of human health 
represent the bounds within which air pollution m t  be held to prevent 
undesirable physiological reaction. These and current research needs were 
discussed and illustrated by Professor Lawther. Air quality standards 
formulated on the basis of known criteria and emission standards that m y  
be applied to sources of pollution to meet desired air quality standards 
were considered by Dr. Wohlers. 



The work of WHO in this field since 1955 was reviewed and suaPllarized. 
WHO supports studies to develop methods of detection and measurement of 
concentration of air pollutants; takes part In developing suitable me- 
for air quality and epi~ological surveys in  connection w t t h  varloua slr 
pollution problem; encourages studies on guides to acceptable air quality 
and stimulates intermational collaboration in this field; wrts  studies 
on control devices or -control measures for those pollutants for wfiich 
adequate control does not yet exlet, as well as encourages researoh into 
all aspects of air pollution, 

As part of its research programne, at the end of 1967 WKO establish& 
an Intemtional Reference Centre on Air Pollution, and a nwhr of regional 
ad national reference centres and collaborating laboratories are now being 
designated to form together a world network of' institutions. ?Pie Pronctim 
of the lhternational Reference Centre is to advise on research results 
regarding the health effects of air pollution, on the organization of air 
pollution surveys, on the identifiaation and measurement of air pollutants 
and on aontral methods. It #ill provlde conmaltant semrioes on researeh 
and technical problems, it will carry out remarch on behalf of WHO, co- 
ordinate research and evaluate the results obtained by coUaborating labo- 
ratories and national institutions, and advise WHO on new research needs, 

In addition, training of personnel in the prevention and con;rolof 
air pollu%iim is. already bei.ng provided by WIK), but increased mpgmrt is 
essential both for existing institutions and for the creation of new ones, 
wherever needed. 

'PhTee papers were devoted to the planning and administration of air 
pollution control progrananes. Implementation of such programmes requires 
that ambient air and emission sources be monitored In order that progress 
of the control measures may be ascertained. 

Professor LBwther discussed the plamlng of an air monitoring progmme. 
He.stressed ths need for giving adequate thought to the reasom for manitor- 
lng pollutian and ,for organizing the field and laboratory work in such a way 
that the desired obJectives wou3.d be achieved. ?he 'tendency for maEdns 
such programnes unnecessarily comprehensive, themby taxing the often lindted 
resources of money, facilities and personnel, should be avoided. 
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This concept was m h e r  developed by Dr. Wohlers in the discussion 
on the kinds of activities carried out by governmental air pollution 
control proparimes, Each country has its o m  organizational requirements 
and philosophy and must develop its program with the framework of its 
existing legal structure, lPne experience of developed countries may, 
however, serve as a guide for the purpose of writing legislation to permit 
effective enforcement of adopted standards of air pollution, The enforce- 
ment activity requires adequate inforhtion on the status of sir pollution 
and this is obtained from the type of planned mxlitoring prograillme outlined 
by professor LaWer. 

It was noted that air pollution legislation tends to present a con- 
m e d  state of affairs, as it involves concurrently air quality criteria, 
air quality standards, emission standards and finally enforcementr These 
terms, indeed, 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 scientifically 
sound standards T-: evaluation, problems of legal validity arise, W s  
aspect w w  discussed and means were suggested by which these problems may 
be eliminated. Sunanaries of the aboe discussions are presented in Part IIr 

In addition, it was pointed out that the budget for governmental 
air pollution control agencies is, in general, minimal, except in a very 
few areas, A minimum budget means a minimum number of personnel and hence 
minimal air pollution control enforcement. The public has not as yet 
rehized that each sum of mney spent on a9r pollution control means almost 
a geometrical return in the reduction of losses from air pollution effects. 

An air pollution agency, it was emphasized, should have capable per- 
some1 in the many technical fields. Air pollution is concerned w n g  
others with engineering, chemistry, biology, meteorology, statistics, 
legislation, business, economics, sociology, public 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 dlvlsion or a section of a control agency should inaorporate 
comparable disciplines in a maMer most suitable to the comity. 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 community. Industrial personnel, 
consuitants, retired personnel and college students could be asked to 
assist on specific projects. 

m e  participants, nan;y of whom represented administrative and enforce- 
nient agencies in their respective governments, showed by thelr questions and 
discussion that the points covered by the lecturers were indeed real prob- 
lems, There was particular interest in the assistame which the World 
Health Organization might be able to give EMR countries in the organization 
of air pollution survey and control programs and in the training of person- 
nel. 

X CONCLUDING OESERVATIONS AND RECOMMENDATIONS 

The conclilding discussion c.s:ltercd on subjects of common interest to 
the participants and r2ecially c,.i air pollution programes to be carried 
out in countries of this Region which are undergoing rapid industrialization 
and urbanization and likely to face problems of air pollution now or in the 
near future, Also thg participants of countries where air pollution 
activities have already started placed emphasis on the necessity to take 
further action towards aontrol 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 concerned 
with air pollution and making it possible for .them to exchangeinfonnatioq. 
Appreciation was also expressed of the assistance that has been provided in 
this field by the Regional Office for the Eastern Mediterranean Region of 
WHO. 

It.was unanimously agreed and recommended that : 

a. The recognition of the problem in the Eastern Mediterranean Region 
countries necessitates that appropriate air pollution surveys be 
unde~ta;ken in order to identify causes of pollution and to assess 
problems where they exist in view to eveqtually taking appropriate 
measures for prevention or control. 

b. Detailed recommendations on how to carry out such surveys and how to 
collect air pollution data are needed and that assistance from the 
World Health Organization in this regard, as a follow-up of the Semi- 
nnr's recornendations , would, be valuable. 
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Emphasis must be placed on the prevention of pollution, as prevention 
of air pollution is less costly than subsequent control and as moneys 
thus spent are repaid many-fold in savings from the deterioratiq 
effect upon 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 government, 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 must be properly 
designed, special attention being given to the need for double blfnd 
cross-over trials and strict assessmnt 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 programme and that continuous efforts to that end 
by the governments 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 air pollution. 
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1, EFFECTS OF P O W A N T S  ON W ' S  HEALTH 
(DRAMATTC EPISODES) 

* 
Prof. P.J. Lawther 

WHO Temporary Adviser 

The taLktvas 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 
diary 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 physiology was discussed and current theories 
concerning the development of chronic bronchitis and emphyse~na demonstrated. 
Laboratory experiments in which different methods of measuring changes in 
airway resistance following inhalation-ofmixtures of gases and particles 
were described and the failure to demonstrate any consistent effeclx on in- 
halation (of realistic concentrations of sulphur dioxide was noted as being 
of great importance. In one subject who was insensitive to 30 ppm 902, 
there was, however, a positive correlation between daily measurements of air- 
way resistance and pollution (using smoke and SO2 as indicators) following a 
two-rrble walk and this was interpreted as evidence that there was in London 
air a substance other than SO2 which was capable of increasing resistance to 
air-flow, 

The decline in smoke f&lo~ing the implementation of the Clean Air Act 
in the United Ktngdom was producing an opportunity to follow this correlation 
between pollution and disease and death. Studies w i t h  diaries repeated over 
the years and continuous observations of mortality and morbidity indiaes was, 
happily, indicating that the effects of pollution were decreasbg markely. 

* 
Director, MRC Air Pollution Research Unit, Professor of mvirormntal 
Medicine, St. Eartholomew's Hospital, Medical College, London 
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Summexy 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 KBtz asked if the use of a subject resistant to sulphur 
didde was appropriate in the %ondon Bridge wdllct experiment but it was 
pointed out that the experiment was designed not to demonstrate the inefflca- 
cy of 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 
mtz mentioned Bell's survey of sputum productions near a smelter and the 
various technical difficulties involved in this sort of work were discussed 
brlefly, 



2. KlNw AND A m m  OF PO- m THE: A m =  

* 
Dr. HIC. Wohlers 

WHO Temporary Adviser 

The World Health Organization defines a i r  pollution as the presence 
in ambient atmosphere of substances put there by the act iv i t ies  of man i n  
a concentration sufficient t o  interfere direct ly or indirectly with his 
comfort, safety .or heal t l ,  or  with the f'ull use and enjoyment of his proper- 
ty. In general, it does not refer  t o  the atmospheric pollution incident 
t o  employment i n  areas where workers are employed, nor is it concerned with 
air-borne agents of communicable diseases, nor wfth overt of covert ac ts  of 
war, 

The definition clearly implies tha t  a i r  pollution is a people's 
problem --- 

A. People cause a i r  pollution, 
B. People pay fo r  a i r  pollution effects,  
C. People pay fo r  a i r  pollution control, and most important, 
D. People decide on the quality of a i r  they wish t o  breathe. 

The a i r  resources management concept involves the f ive "E's" of air 
pollution -- emission, exchange, effect ,  environment, and enforcement, a s  
shown i n  Figure 1. Obviously, i f  there were no emissions, there wi l l  be 
no a i r  pollution. Once the emissions are put in to  the a i r ,  they must be 
exchanged by the wind t o  a location where an effect  is  exerted upon some 
receptors be it a man, animal, vegetation, or  ine r t  mterlal .  In addition 
to  the direct  effect  of a i r  pollutants, there is  an  indirect effect  of air 
pollution on the environment, i.e. how does man physically and men- 
react t o  a murky atmosphere? Finally, the enforcement of a i r  pollution can 
be controlled t o  the extent desired by the populhe. 

* 
Professor of Environmental Science, Department of Environmental Engineering 
and Science, Drexel Ins t i tu te  of Technology, Philadelphia 
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Figure 1 

WHO EMRO 

The Blendina of the five "E's" 
Spellout Air Resources Management 
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One can describe tho major types of a i r  pollution mixtures. The 
first i s  the London type of a i r  pollution and the second is the Los Angeles 
type, The major difference between these two types of a i r  pollution 
mixtures is the fuel  used for combustion purposes. Coal and o i l  are the 
p r i r a y  f'uels used i n  London; natural gas is the primary f i e1  used i n  
Los Angeles. I n  London, the atmosphere has a reducing effect  on the re- 
agents, while the Los Angeles a i r  pollution mbrhre has an oxidizing effect 
on chemical reagents. Interestingly, the London type of a i r  pollution 
mixture is  most severe i n  the months of December, January, and February 
when temperatures are relat ively low, hutdclities relat ively high, and wind 
speeds almost zero, On the other hand, the Los Angeles a i r  pollution 
uiixture occurs most severely during August and September, usually occurring 
during midday with temperatures i n  the range of 80'- NO, relat ive humidity 
l e ss  than 7%, and wind speeds of the order of f ive  miles per hour. It is 
not meant t o  imply that a l l  a i r  pollution problems can be designated by 
ei ther  ore or the other of these types. Mmy locations may be experiencing 
both the London and Los Angeles types of air pollution mixtures simultaneously, 
The only known way of reducing the effects of these types of a i r  pollution 
is to  prevent a i r  pollutant emissions t o  the atmosphere. 

The atmasphere weighs approximately 5x1d.5 tons. Approximately 9% 
of this weight i s  located i n  the troposphere (0-8 miles high), It is instruc- 
t ive  t o  realize tha t  the nitrogen content of the atmosphere i s  equivalent t o  
780 900 parts per million by volume (ppm) or  78.a. When we speak of a i r  
pollution, we are dealing i n  concentrations as low as  0,01 ppm or i n  some 
cases l e s s  than one park per  b i l l ion  (ppb). 

In the United States during 1966, 26 million tons of sulphur dioxide 
were emitted; of this weight, 12 million tons were emitted by e lec t r ic  
generating plants and 9 million tons were emitted by industrial operatiom. 
For oxides of nitrogen, 13 million tons were emitted yearly, with 6 million 
tons from-motor vehicles, 2 million tons from industry, and 3 million tons 
from elec t r ic  generating plants. A s  regards organic compounds, 19 million 
tons were.emitted yearly of which 12 million tons c a m  from the automobile 
and 4 million tom from industrial operations. When one considers carbon 
monoxide, it i s  surprising t o  realize tha t  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 in to  the a i r  amounted t o  12 million tons, 
of which 6 million tons are attributed t o  industry and 3 million tons a t t r i -  
buted t o  e lec t r ic  generating plants, Thus, out gf the t o t a l  of 142 million 
tons of pollutants discharged yearly, there are three major contributing 
sources -- motor vehicles, industrial operations, and e lec t r ic  generating 
plants, 



Pollutant levels in the United States cities resulting from these 
emissions are as follows : sulphur dioxide, 0.02 to 0.13 ppm as a yearly 
average, nitrogen oxides 0.06 to 0.16 ppm, carbon monoxlde 4 to 17 ppm, 
oxidant 0,02 to 0.03 phm, hydrocarbons 23 ppm as C, and prkiculate matter 
60 to 155 micrograms per cubic meter. These yearly average concentrations 
are for the cities of Chicago, Cincinnati, Denver, St. Louis, Philadelphia, 
San Francisco and Washington D.C. 

In addition to the major emissions noted above, there are inany sources 
of minor pollutants which are normally not considered, As shown in 
Table 1, rubber from Ei~tO~~bile tyres amounts to 4.3 tons per day per one 
million population. Salt spray in areas close to the ocean mounted to 
140 tons per day per 1000 square miles. In addition to minor components, 
one should c o t  forget radioactive materials in the atmosphere; strontium-%, 
strontium-131, and cesium-137 are considered the three most important elements 
in that the half-life ranges from 8*1 days to appmxlmately 3 years. 

Table 1 

Estimated Emission of Minor Pollutants - USA. 1965 

* 
Within 200 miles of coasto 

S o u r c e  

Rubber (tyres) 
Perfumes 
Ground dust 
Cigarette smake 
Cosmic dust 
H;?S - natural 
Salt (ocean) 
Vegetation decay 
Aemsol cans 
cigar smoke 
Leather (shoes) 
Moth balls 

1 

TOns/day 
per 

106 population 

4.3 
0.5 

430.0 
3.2 - 
- 
- 
- 
5.4 
0.6 
0.8 
0.1 

T O ~ ~ / * Y  
per 

1.03 miles2 

- 
- 
- 
- 

0.02 
0.07 

140,00* 
110~00 - - 

- 
.. 
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Table 2 i s  a summary of pollutant emissions on a world-wide basis. 
~t is instruct ive t o  know that based on 146 million tons of sulphur dioxide 
e a t t e d  throughout the wcrld, the atmospheric background concentration 
leve l  fo r  s u l p h r  dioxiCc approximates 002 parts per b i l l i on  and the cal- 
culated atrilospl~eric rcsZCence time ~~pproximates 4 days. Perhaps the most 
imporfYant itern i n  Tabie 2 is the t  emissions of carbon (Y.x<.1;': far over- 
shadow t h a t  cf my 0th~;. pollutant from e i the r  m-mzde o r  natural sources. 

Table 2 

Sl.~~x?.ry TLb1.e on Pcrllutcnt Edss ions  - world-vide - 
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fn sunrmary, an Air Pollution Credo is shown in Figure 2. The lmst 
important item in the Credo is that the success of an air pollution 
control programme depends upon the co-operation of public, industrial, and 
governmental groups. 

Air Pollution Credo 

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

2. The decrease in air quality has an adverse effeot on health, vegetation, 
animals, material objects and mani s well-being. 

3. Air quality improvement should be rational and not emotional, 

4. Air pollution control should be evoked when the need is demonstrated. 

5. Practical and economical tools are available to resolve almost any air 
pollution problem. 

6, The cost of air pollution control is dependent upon the degree of 
control desired by the public. 

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

8. Improvement in air quality is a never-endine; job. 

9. A strong investment in research is continually required, 

Summary of Discussions 

Dr. Wohlers was asked whether air pollution effects from automobile 
tyre wear arise from rubber particles or from degrade by-productsr He 
replied that much of this appears as fine particulates of rubber which can 
be air-borne and constitute a form of air pollution. 

m e  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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skndards of living. Dr. Wohlers noted that in general the lower income 
groups live closer to the sources of air pollution and that people living 
in'kirty" air seemed to be sick more frequently, He said that the data 
given in his talk was for urban rather than rural areas. 

The desirability of using zoning to keep potential pollution sources 
remote from living 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 emission 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 pollutlon'control. 
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by 
Q 

Professor M. X;atz 
WHO Temporary Adviser 

Agricultural crops, ornamental plants and trees may be injured by 
gaseous or parcticulate 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 Aunes 
containing arsenic, led, copper and zinc resulted in the deposition of 
these toxic metals on forage crops used as food for livestock, causing fatal 
effects. 

Sensitive species of vegetation m y  be employed as biologicalindica- 
tors to assess the nature and magnitude of an air pollution problem. Many 
gases are much more toxic to plants than to animals or man at equivalent 
concentrations. Leaves of plants exposed to air pollutants during the 
growing season will accumulate and concentrate these substances. Consequent- 
ly, the nature of substances such as sulphur dioxide, fluorides, sulphuric 
acid, toxic metals, cement and alkali dust, etc., m y  be identified and their 
rates of accumulation demonstrated by chemical analysis of leaf samples at 
regular intervals during the growing season. 

Patterns of i n j q  

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 accompanied by 
loss of chlorophyll, (c) growth alterations, including stunting of growth, 
early abscission of leaves and fruit, and other abnormalities. The affected 
leaves may develop distinctive colour patterns. 

* 
R'afgg~or, Dep&tmen5- of Civi-I, mirreering 'SyPacuse University ,( SyTacuse, 
wvr York, USA 



Factors --. influencing Susceptibility to Air Pollutants 
v 

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 susceptibility between 
species and variability in response within different varieties 
of the same species; 

2. Concentration of the pollutant and duration of exposure; 

3. Environmental factors such as light intensity and duration, 
temperatura, relative humidity and carbon dioxide 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 hhclity and optiinum soil moist&@. 
The greatest sensitivity is manifested by newly matured leaves. Older 
1eaves:and.very young leaves are more resistant, Resistance also increases 
rapidly under conditions of moisture stress (near wilting point), low rela- 
tive humidity and low temperature. 

Sulphur Dioxide 

This gas ray injure sensitive plants such as cotton, barley and alfalfa 
9n concentrations of ;bout 2.9 me/& for one hour or 1 ng/d for 8 hours. 
However concentratiocs of less than 0.3 mg/d may be present throughout the 
period of growth of a crop of alfalfa without causing injury. Sulphur 
dioxide at a concentration greate~ than about 1.2 m g / d  will commence to 
inhibit photosynthesis and short exposures to higher concentrations exert 
an ~EBI?QCEI:.:-=~ inhibitory effect, Such fumigations at higher concentrations 
disrupt the diurnal movement of the stomata, instituting closure in aaylight. 
Other effects of high concentration involve transformation of the chlorophyll 
to ~'n-:z;h:rtinby replacement of the magnesium in the nucleus w i t h  acidic 
hydrogen, Prolonged f'umigations of sensitive plants with SO2 in concentra- 
tions greater tlii about 0.3 me;/d may cause chlorotic injury due to the 
accumulation of this gas in the leaves, mainly as sulphate. 
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Hydrogen Fluoride and Volatlle fluorides 

The toxicity of hydrogen fluoride to sensitive species of green 
plants is about two orders of magnitude greater than that of Q, As 
little as 1 microgram/$ 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 SO2. Species that are 
resistant to HF include cotton, alfalfa, tomato and cabbage (species that 
are sensitive to S@)+ Plants accumulate airborne fluorides in the leaves 
and concentrate them throughout the growth period. Forage crops fed to 
animals may cause fluorosis of the teeth and long bones of the legs, neces- 
sitating eventual destruction of the exposed livestock. The maxirmun 
allowable accumulation 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 w i t h  activity of enzyme systems and premature ripen- 
ing of fruit. The latter effect on fruit often results in serious economic 
damage involving "soft, suturett or rotting of the injured parts, 

&me, - . Oxidants and Photochemical Pollutants 

There are characteristic differences in the leaf damage 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 damEIge 
may occur to some varieties of tobacco af er exposure to about 0.1 mg/J for 
4 hours; or to pinto beans with 0.2 mg d for about 4 hours. 

Photochemical oxidants or PAN cause the silvering, bronzing or glazing 
of the lower surfaces of leaves of many plant species, including sugar 
celery and lettuce. Sensitive plants may be injured by about 0.27 ng/ 2e2 
PAN after 4 to 8 hours exposure. Oxidanfs inhibit photosynthesis, promote 
t M  abscission of leaves and suppress growth. 

Ethylene 

This hydrocarbon is present in the exhaust gtw of motor vehicles and 
produces characteristic signs of injury to many plants* Ethylene damage 
consists of epinasty of leaves and shoots; the stimulation of abscission 
cells causing loss of leaves and flowers; and interference with normal 
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hormone act ivi ty which leads to  .abnormal f lo ra l  and plant development. 
Such injury may be caused to  tomato plants a f t e r  several hours of exposure 
t o  0.12 =/J, or to  rraigolds a f t e r  exposure t o  0 ~ 0 6  rug /3 ,  Orchid 
flowers are  highly sensitive to~ethylene and the sepals are injured by 
exposure t o  as  l i t t l e  as 6 micrograms/rr?. 

Particulate a d  Aerosol Pollutants 

Aerosol pollutmts may be h i m y  toxic to  green plants. Sulphuric 
acid mist causes a "pock mark" type of injury when deposited on the upper 
surface of leaves, particularly i n  the presence of high relat ive humidity 
or  fog, Plants injured i n  this manner have been found i n  the vicini ty of 
strong sowces of sulphur dioxide and SO3. 

Particulate matter and smoke are significant pollutants i n  many urban 
areas. Such ~ a r t i c l - e s  are deposited on the leaves of plants, accumulate 
i n  the guard ce l l s  a . i i  stcmats, in-terfere w i t h  photosynthesis and retard 
growth. Eventually, the susceptible species of vegetation disappear through 
excessive rnort-zlfty, prsmture senescence m d  defoliation. 

Dust f'rorn.cement k i l r s ,  when deposited on leaves, is absorbed i n  the 
pres2nce of mis tu r s  and eventually k i l l s  the palisade and parenchyma cells. 
Other types of duyt may ac t  s i r i l a r ly ,  A s  a resul t ,  the yield of agricultural 
crops i n  thz affec-kd &:lea i s  reduced and growth of t rees is retarded. The 
exposed vege t~ t i cn  is  rendered more susceptible t o  infection by fungi. 

Finally, green plants absorb, accumulate and concentrate radioactive 
pollutarits which thcn enter into the food chain of a l l  species of a n i d  
l i f e  , including m, 

The difference i n  the demaging effects  of gases on the upper and lower 
surfaces of leaves ~ 3 s  co.mcnted upon and Prof. Katz was asked about the 
causes of the diffei-snce, Prof, Katz pointed out tha t  the manner i n  which 
the gas affects  the ce l l s  of the leaf i s  selective in i ts  action. For 
example, ozone injures the palisade ce l l s  of the upper part  of a dicotyledo- 
nous leaf ,  whereas oxidants, such as  peroxyacetyl n i t ra te ,  destroy the guard 
ce l l s  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 aament 
works and whether such dust has any pollution effects on plants and 
vegetation to which the lecturer amwered that it has a very definite 
effect. Particulate pollutants in the form of lime dust from cemnt 
ki3ns m y  kill the palisade and parenchyma cells, lSne dust is deposited 
mainly on the upper sueface of deciduous species but it can cover the enti- 
re surface of coniferous leaves, As a result, yleld of agricultural crops 
is reduced and growth of trees is retarded. 

In reply to a question about the action as a catalyst of suspended 
partioulates in the air causing increasing effect of SO2> the lecturer 
stated that in the presence of sunlight and moisture, SO2 is oxidized into 
,303 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 lllanner of uptalie of hydrogen fluoride m d  whether it is 
done t h r w h  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 mounts of fluoride from the soil through tihe roots is 
prevented, As little rs 1 microgram/n? of flusride in air my be -, 

m answer to a question concerning the time necessary to convert SO2 
b S04* the WKO adviser noted that in favourable circumstances it will be 
about 18 per hour; thus a concentration of 1 mg/n?, about 10 micrograms/rt?, 
will be oxidized per hour, The oxidation takes place thro-h the agency 
of sunlight and in particular ultraviolet light. A n  active SO2 molecule 
is created and enters into the oxidation process. Irradiation in daylight 
produces a sufficient number of active SO2 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 fertilizer and aluminiwn manufacturing 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 mst be 
analysed by fluorine content before being fed to animals. If the content 
is greater than -35 milligrams per kilogram of dry feed, the forage should 
not be used unless it is nSxed with other feed of low fluoride content to 
reduce the total fluoride below the limit mentioned, 

The question of the effect of radioactivity on plants was raised and 
the folLowing facts were stressed, P l m t s  act as accumulators of radio- 



active materials. There is much concern over the effects of radioactive 
iodine, strontium and cesium being deposited on or near the vegetation and 
accumulated therein. Plants are fed to cows and radioactive iodine appertrs 
in the milk. Harmf'ul effects will appear in the fresh milk drinkers. Tn 
such situations fluid milk may be dangerous, Hence, powdered milk might 
be used instead, after sufficient radioactive decay has taken place to 
render it harmless. 

A litigation case in Egypt was noted regarding a suit by banana 
farmers cultivating near a sulphuric acid plant. The w i n d  currents ap- 
parently caused a one-month exposuro of the banana leaf to the supposed 
pollutant effect. The case aroused some discussion, and the usefulness 
of chemical analyses of leaf samples from the nearby cotton plantation in 
conjunction with the banana leaves was f ' e r  stressed. 



4. OTHER mETS OF AIR POLLUTION 
(Visibility Decrease, Soiling, Corrosion, and Neighbourhwd Decay) 

)C 
Dr,  H.C. Wohlers 

WHO Temporary Adviser 

In Fi$ure 3, the air pollution loss syndrome is depicted, If we 
neglect human and animal health, we arrive at monetary losses from air 
pollution within the United States amounting to approximately 30 billion 
dollars per year, A curve showing the comparison of air pollution losses, 
not only in the United States but also in Great Ejritain and France, is 
shown in Figure 4. 

Visibility interference m y  be best understood by considering the 
effects of a dirty automobile windshield upon the visibility of the driver, 
The dirt on a windshield is not very bothersome when drlving in the shade 
or at night when there are no 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; impairment of visibility is caused by the intense scattering 
of the on-coming light because of the dirt (small particles) on the wind- 
shield. The dirty windshield simulates a polluted community atmosphere 
where rraximum visibility reduction occurs, on the unit weight basis, when 
the particles approximate 0*1 to 0,3 microns in diameter. Visibility m y  
be correlated as a fknction of p&iculate matter in the atmosphere, At 
a particulate concentration of 100 micrograms per cubic meter, visibility 
approximates 12 dles; at a particulate concentration of 600 micrograms 
per cubic meter, visibility approximates 1.5 miles, 

As regards the corrosion of mtals, sufficient evidence has been 
presented to indicate that as the suplhur dioxide concentration in the 
atmosphere increases, the rate of corrosion of most metal also increases. 
In the United States, cities w i t h  the highest population, and thus the 
highest sulphur dioxide emissions, have the highest rate of corrosion of 
metal specimens. A n  exemption to this statement is that in areas where 
natural gas (very low sulphur content) is the prime fuel, the rate of corro- 
sion is minimal, In addition to sulphur dioxide and other acidic gases, 
the rate of corrosion depends upon temperature, and relative humidity. 

- - * 
Professor of Environmental Science, Departmest of Environmental Engineering 
and Science, Drexel linstituee of Technology, Philadelphia 
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Building stone is attacked by sulphur dioxide and acidic gases at a 
rapid rate. Dolomitic stone is attacked very rapidly because the carbona- 
tes react rapidly to form calcium sulphite which is eventually oxidized to 
calcium sulphate. The calcium 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 acidic gases in the atmosphere, the cement used between 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 dioxide, the 'breaking strength of t h e -  
fabric is drastically reduced over a period of 3 to 6 months. Further the 
rate of loss of the breaking strength of the fabric decreases as the concerr 
tration of sulphur dioxide increases. Oxides and nitrogen and oxidant 
levels adversely affect the colour dyesin cotton fabrics. 

Paper and leather goods adsorbe sulphur dioxide almost at a linear rate 
to many hundreds parts per million. Analysis of leather and paper analysed 
f'mm 1.5 to $ 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 duty, claiming that the air 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 
number of cracks and the depth of cracks increase with increasing oxidant 
concentrations, Silver contact points of relays are also badly affected 
by atmospheric concentrations of orgariic conpounds. In the presence of 
organiccompounds, a resistent crust is formed on the silver contact, in- 
creasing the resistence ac.ross the contact points eventually causing failure. 

Externa-1 housepaint of the lead base type m y  darken or blacken w i t h i n  
a length of minutes if the con? entration of hydrogen sulphite approximates 
0.1 ~&ts per million and the conditions are optimum for such colour change, 
A study has shown that the frequency of exterior house painting varies wlth 
the concentration of suspended particulate matter in the air. As the con- 
centration of the particulate matter increases, the frequency of Fepaibtlng 
homes also increases. 



All these effects of air pollutants on inert materials result in a 
loss of money to individuals and hence to the countries involved. It has 
been estimated that these costsfbr the United States could be as high as 
30 billion dollars a year, If only a s&l fraction of this money was 
spent on air pollution control, there would be a net saving in air pollution 
losses by the public. 

S m m a m  of Discussions 

It was stated from the floor that sow of the worst conditions of poor 
visibility (i,e. less tha:% 3 metres) occur in natural fogs in whlch the 
water droplets are conanonly between 50 and 100 microns in diameter. 
Dr.Wohlers noted that for a given aerosol mass per unit volume m a J d m  
visibility reduction occurred when the particles were in the 0.1 to 0.3 
micron diameter range. 

For larger aerosol particles (ice* above 10 microns) settling times 
can be estimated from Stokes Law but actual conditions of wind speed and 
turbulence would W f y  these; below the 10-micron size settling was 
usually negligible (reference was mde to WED bbnograph Series No, 46 for 
details ) . 

The effects of reduced atmospheric visibility on automobile driving and 
accident rates was discussed, It was noted from the floor that in Britain, 
studies by the Road Research Laboratory suggest a psychological loss of 
speed sense and road orientation 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 ideal conditions in clean air, visibility could be in the 
order of rrdles* 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 hWdlty was below 7Gr indicated a situation requiring 
improvement. 

It was stated from the floor that in Rumanla, a good correlation was 
found between air pollution and problem of arc ing  elecL&cal transmission 
lines due to reduce2 dialectric strength orf air. Dr* Wohlers noted that 
similar problems have occurred in the United States* This was more of a 
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problem, he said, in dry areas of inf'requent ra infa l l  where there were 
long periodsfor accumulations of a i r  pollutants on insulators to  bu i ld  
up, mese pollutants act as an electrolyte when rains finally occur. 
Frequent rains were more apt t o  keep the insulators clean so that t h i s  
problem does not then occur. 



5 e  E3'FEC?tS OF MEZ5OROLOGICAL AND TDPWWHICAL CWDITIONS 
ON DISPERSION OF P O W L ~  

* 
Prof, M. Katz 

WHO Temporary Adviser 

Meteorological 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 reactions promted by solar radia- 
tion, Atmospheric motions, that diffWe gases and aerosol particles and 
result in the transfer of momentum, heat and water vapour, occur in most 
cases on a scale +hat is much larger than molecular diffhsion. 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, dT = approx, 1°c per 100 metres of altitude 
dz 

Saturation adiabatic lapse rate is approx, 1°c per 103 to 104 mtres 
for saturated air. 

Superadiabatic lapse rate - The temperature decreases v d t h  height at 
a rate greater than the adiabatic rate, In this case vertical motions 

* 
Professor', @;is-rtmnt of Civil fw=eril-$-, Syra'cuse Universit~ , Syracuse, 
hew York, USA 
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upward and dawnward are accelerated and the htrnosphere is unstable. If 
the environmental lapse rate is less than the adiabatic or if-it shows an 
increase in tempera.ture with height, the atmosphere becomes stable or 
represents inversion conciitions, 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 ?re&; winds. SJ~rong inversions at night may be pre- 
vented by stir~ing due to s%?ong winds aloft, or by the presence of clouds 
or precipitation. 

Potentiel temperature, dO , + T "-here T is the dry adiabatic lapse rate. 
dz dz 

If is negative., a parcel of air is in unstable equilibrium. 
dz 

For similar wind conditions, instability is more Frequent and of greater 
degree in day-time than at night, and on clear days then on cloudy days. 

Formation of noCtUT~i inversions may be accompa~ied by fog if the mist 
air cools below its dew point, During conditions of air stagnation, fog and 
accumulation of pollutants, there is a m k e d  decrease in solar radiation I n  
the lower at~csphere. 

Wind structure: In the lower atmosphere, up to heights of several 
hundred metres above ground, the wind meed 'u" varies s..:th height, "z", 
according to a power law u/ul = (z/zl)'; vfiere "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 wit3 a rmximx in the early afternoon, and a.minimum in 
the hours after midnight. Wind speed is generally higher in winter than 
in summer, vrith a tendency tc~~mds maim 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 wrlnd 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 takes into account the curva.ture 
of the isobarrjs 
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Atmospheric turbulence or eddies may be classified as mechanical 
(shearing stress) or them& (convection). Mechanical eddies prevail 
on windy nights w9th  neutral advection. The& eddies prevail on sunny 
days with light winds. Eddies or gustiness types have been classified 
in accordance with observed wind direction fluctuations of an anemometer. 
The horizontal component of turbulence exceeds the vertical component 
and this excess increases when averages are taken over greater time 
intervals. 

The topogFaphy by virtue of the combined effects of surface friction, 
drainage and radiation mdifies the temperature and wind profiles. Local 
effects of topography are sea-land breezes, mountain-valley winds, fohn 
winds, etc. 

Large Scale Wind and Temperature Changes 

~ost changes in weather elements such as wind, precipitation and 
stability, etc, 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 : 

1- Location 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 stability or lapse rates. 

Non-turbulent dispersal and saavenging - rainout, fallout and washout 
of pollutants. 

3. Eaathematical models of urban air pollution. 

/ Heaung , power, steam 

'-&Trmsportation 
/ 

a. Inventory of sources + Domestic fuel WE; 

Industrial sources 



b, Inventory of emissions 

c, Location of sources 

d. Concentration levels of particulate and gaseous pollutants 
at sampling stations 

e,  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 designc~ted 
areas 

g. Application or" plume rise and diffusion.theory to stack emissions 
and estimated ground concentrations.under various prevailing 
meteorological conditions for strong point sources and for weaker 
line sources or area sources 

Sutton Diffusion EquEtion 
.- 

Concentration z = o L- 
2"Qm 

2-n 
Cz c Y 

Distance X mix* 
--p + 4 

Gaussian form'oLSutton Equation (Pasquill - Maadel 

9 and u are star-dcrd deviations of the horizontal and vertical concen- 
Y z tration distributione . 

i. CT 0 - = C x  (2-n)P 
Y Y  

ii. V"-r r = C x  (2-n)/2 
z z 

2 
iii. o -.= 2 2 - n  

Y 
1/2 cg x 

2 2 2 - n  
iv. 0- = 1/2 CZ X z 



Tn the above equations, "Q# is the mss rate of emlssion of the pol- 
lutant, "un is the w i n d  speed, "C " and "C " are virtual diffusion coeffi- 

Y cients in the crosswind and vertical direchons, "2 is the distance from 
source downwind, "yW is the distance crosswind, "nn is a stability parmeter 
which varies between 0 and 0.5 andHHdl is the effective height of emission. 
Consistent units must be used. 

Factors in Air Resource WbRagement 

Air resource management deals with a system consisting of a variety of 
souroes and mass emission rates, a wide range of pollutants, a high degree 
~Pvariability in the transport and dilution or difflxsion capacity of the 
atmosphere, chemical and photochemical interaction of atmspheric waste 
products and differing effects on receptors that consist of Living or inani- 
mate mterial, IWumgemIdt. decisions may curtail or suppress emission sources 
and protect or removereo~pt(xc8. But the weather is the most difficult 
portion of the system to control, except by scientific weather forecasting, 

The atmosphere is a finite natural resource for the waste disposal of 
gaseous and particulate pollutants. Although, in a strict sense, the atrno- 
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- 
lutants and natural air cleaning processes that promote their removal by 
precipitation, chemical reaction, deposition and absorption by land, water, 
vegetation and other receptors. Accunwlation of pollutants occurs whenever 
this equilibrium oeases to be maintained and the results may sometFmes lead 
to air pollution disasters and other highly adverse situations, 

The primmy objective of air resource management is to exploit the 
natural capacity of the atmosphere to transport 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 economic losses to proper- 
ty of harnrfW. effects on vegetation and health, The meteorological component 
of an air resource mamgemnt system must met the f o l l o a  fundamental re- 
quirements : 

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

2. The utilization of the variabilities In space and time of atm- 
spheric transfer and diffusion properties to the best advantage 
for desiwand control of souroes and for protection of receptors. 



3,  A practical definition of the meteorological input into the mana- 
gement system that will enable it to mintain the established air 
quality criteria and standards. 

m o l e  of MathBticad Models in Air Resource Management 

mthematical model simulation of the source - atmosphere system is use- 
ful to assure the follo~iing rrdnagement decisions: (a) specification of 
source distributions, (b) control of source rates of emission. Two approaches 
to mthematical models may be employed : 

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

2, A phyeical model m y  be constructed from a knowledge of the proces- 
ses of atmospheric transport and dif m i o ~  and an understandng of 
the time and s9ace distributions of emission sources and resultant 
influences on air quality, 

Both, statistical and physical rnethods 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 building or chimney heights, wind speed and direction, lapse-rates, 
precipitation, cloudiness, visibility, intensity of sWi&t and atmospheric 
stability classes, etc. 

Depend.errt variables Include measurements' of pollutant concentration 
levels, thesir -3Lstribl~ition and frequency in space and time, etc. 

The.solutions reveal predic"tive.relations between these 'variables and 
the exposure history m d  effects on recept~rp. 

Wmlmry of Discussions 

See page 40, Combined rhriI2-1 discussions of Lectme No. 6, 
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6. C m ! F I N G  DTSPERSIOX OF P o W 3 H W E  FROM STACKS 

* 
Prof* M. Katz 

WHD Temporary Adviser 

Ma-bhematical equations have developed to calmlate downwind concen- 
tmtions of stack discharges under a variety of meteorological conditions. 
The diffusion equations are most helprul for an estimation of ground level 
concentrations. The equations cannot be 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 shbuld be made. After such data are obtained, a revision 
of empirical constants in the dispersion equation wlll improve the accuracy 
of the calculated concentration, 

gumnary of Discussions of 5 and 6 above 

In answer to a question concerning the proper height of stacks for 
dust-emitting industries such as cement works, Prof. Katz stated that, as 
w i t h  other types of industries, stack design must be on the basis of effective 
plume height and calculated ground level concentrations downwind, coupled 
with specifications for proposed air pollution control equipment. All 
meteorological, climatic and topographic informtion should be considered 
and the design should be related to local air pollution regulations, Speci- 
fications for a proposed stack should be submitted to authorities for approval. 

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

* 
mfssur, Dep,-t,of mfr Engineering, Symmuse Universitx, S ~ c u s e , ,  
New York, USA 
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fallacy and that short stacks would result in very high p o l l u ~ t  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 
sho~C.d be less than 100 to 150 microgram per cubic metre. An industry 
may extend its property line to include areas having greater than 100 to 
150 micrograms per cubic metre, but the visible effects of dirty plumes 
may still be objectionable and subject to regulation. 

Because atmospheric stability and wind speed wlll vary, no m e  of 
thumb can be used for calculating the &stance of -mum ground level 
concentration as a simple multiple of stack height. This must be determines 
for a range of wind speeds and possible stack heights according to the best 
available dispersion theory, 

Developing countries would be well zdvised to survey the meteorological 
conditions and.other.pertinent background data for use in pollution prevention 
planning prior to develop& and industrial area. This type 'bf approach for 
predicting ground conczn-i;rations under given conditions, whether based on 
statistical models or on physical models, is quite sophi'sticated and requlm~ 
the add-ce of .experts. 

If a meteorological study of an area is made, the known properties of 
aspersion phenomena cul be applied since tile basic principles are applicable 
anywhere. 
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7. N A m  AND AEM;MTS OF mu- ExQmED FROM 
VARIOUS SOURCES (STA!CIoMARY AND MOBILE) 

* 
Dr. H,C. Wohlers 

WHO Temporary Adviser 

The source distribution for selected air pollutants for the United 
States in 1965 is ah& in 'Pable 3. As noted in an earlier report, three 
categories of industry, transportation, and electric generating plants, 
account for 80 to of the weight of air pollutants emitted in the United 
states. 

Table 3 

Source Mstribution for Selected Air Pollutants - USA - 1%5 

Y 
Professor of Environmental Science, Department of Environmental Engineering 
and Science, Drexel Institute of Technology, Philadelphia 

Industry 

Refuse 

!l!ransportation 

Power Plants 

Space Heating 

Total Emissions 

10 -/year ie. 

r 

perbent of Total 
Oxides d 
Nitrogen 

20 

1 

40 

30 

10 

8 

Carbon 
Monoxide 

3 

2 

92 

1 

3 

65 

Partic- 
dates 

50 

5 

15 

20 

10 

12 

Ofides of 
Sulphur 

38 

1 

2 

45 

15 

23 

Organic 
Compounds 

25 

7 

65 

1 

3 

15 
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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, emittfne; of the order of 2500 tons per day of sulphur 
dioxide. Also shown on Figure 5 is the variation between population and 
sulphur dioxide levels on a yearly basis. For a population of 5 million 
people, the sulphur dioxide yearly concentration approximates 0.1 part per 
million. The information shown in Figure 5 has been duplicated for oxides 
of nitrogen, carbon monoxide, and organic compounds with high correlation 
coefficients. 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 lgljO 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 control 
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 2% greater ,,in the year 2000 than they. were in the year 
1965. If maxim possible progress is made in the control of sulphur 
dioxide Do the atmosphere, the emission of sulphm dioxide in the year 2000 
will be less than that in 1965, and hence the sulphur dioxide level will be 
less tharl that in 1965. 

Of the mobile sources of air pollution, the automobile is by far the 
greatest contributor. The endssio~~from automobiles are particularly 
significant in those,areas which are bothered by photochemical air pollution. 
The automobile gives off large c~ncentrations of organic compounds and axides 
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 internal 
combustion engine, 6.5% is dischaxged in the exhaust, 2.1s is discharged 
from the crankcase, and 1.5% comes from the carburettor and f'uel tank. ?he 
exhaust contains thehighest levels of organic compounds which are most 
photochemically active, The emission of organic compounds, oxides of 
nitrogen and carbon monoxide vary with the type of driving, engine cycle, 
speed of the vehicle, as well as betvieen automtic and manual transndsshions. 
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Devices are available to control all sources of emission from the 
automobile. For the orgwic campoundswhich pass the piston ring on 
the power stroke (crankcase emissions) , the gases are vented to the 
carburettor where they are again burned, Forexhaust emissions, four 
types of control devices have been suggested, a direct flame after- 
burner, a catalytic wlit, an air injection system, and the Clean Air Kit. 
The air injection system Consists of an air pump attached to the fan-belt 
which forces air at the exhaust porte, burning the exhaust gases to 
carbon dioxide and water; the Clean Air Ifit is an improved tuning of the 
engine by modifying the carburettor and the distributor so that the 
exhaust levels are belowthose required by regulation. 

In the United States, the diesel engine is not as serious 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 inportant 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, organic compound 
emissions are lower, but oxides of nitrogen emissions are higher on a pep-- 
gallon consumed basis. 

Standards have been devised by the United States for automobile 
emissions, as shorn in Table 4. The concentration of carbon monoxi& in 
the automobile exhaust cznnot exceed la% 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 mlle and the proposed standard fbr 1970 is 23 grams per 
vehicle mile. Ey con~erison, the hydrocarbon stan- for 1g68 is 3.2 
grams per vehicle mile and the proposed 1970 standard is 2.2 grams.per 
vehicle mile. 

Emissions f'rom stationary sources m y  be found in numerous publica- 
tions by the National Air Pollution Control Administration. 
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1m-1970 Federal Motor Vehiole 
Exhaust Emission Standards 

Proposed 
Uncontrolled 1970 

---- Standard 

Carbon monoxide 33.0 23.0 

Hydrocarbons 3.2 2.2 

1968 Federal Motor Vehicle Standards 

There was considerable discussion in relation t o  automobile emissions 
and their control. Dr. Wohlers noted that Public Health Service studies 
i n  the United States over the past few years have not shown any dangerous 
levels of lead i n  the atmosphere but that studies on t h i s  are con'cinuing. 
He said ethyl bromide was used in petrol as a scavenger for lead (from 
te t rae thyl lead,  an anti-bock agent), Thls forms volat i le  lead bromide 

mine Displacement 
cubic inches 

9 - 100 
101 - 140 

* 
Unrestricted 

Carbon Monoxide 
$ 

i 

2.3 

2.0 

1- 5 

Hydrocarbons 
ppm volr 

* 

410 

3% 

275 
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which is blown out i n  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 $ fo r  catalytic units,  
good fo r  about 12 000 miles of service, t o  about $ 150 for direct  flame 
after-burners, good fo r  the l i f e  of the car, were noted. Because of the 
wide-range of exhaust flow rate,  absorbent units did not appear t o  be 
feasible. 

A s  a substitute f o r  internal combustion engines, Dr. Woklers said 
that e lec t r ic  motors and steam powered engines hold the best promise. 
Turbine power units  have been developed and these are an improvement over 
piston-type engines i n  respect eo a i r  pollution. 

Concerning diesel engines, Dr. Wohlers said the main problem here is 
odour, though perhaps one can also expect more nitrogen oxldes and less  
CO %ban from engines using gasoline. 



I)r, Engelbert W, Fri tschi  
hi0 Professor of Sanitary Engineering 

Pdhlavi University, Shiraz , Iran 

Introduction 

Among the n a y  research p h j e c t s  which are presently under investiga- 
t ion ,  the f i e l d  of b%omdical research h3a gemcod t h ~  Z ~ . Z ? C L ~ & C S ~  Lmi~etus i n  
recent years, Efforts are directed toward conquering the diseases which 
alter muis nonnal course of existencea Although &iseases have been w i t h  
man since his existence it vras not un t i l  the past century tha t  he developed 
the tools and techniques t o  discover the etiology arid thus ccntrol many of 
these diseases, mere are still, however, many diseases whose origin 
oannot be readily determined and hence it is d i f f i cu l t  t o  find the proper 
means fo r  the study of these diseases, Many of these diseases are, un- 
questionably, the resul t  of the vast advancercent of sc ient i f ic  technology. 

While the epidemiological aspects of most com;nu?ic?.,ble diseases have 
been studied with varyillg degees of success fo r  mny yenrs, the epidemio- 
logy of the non-contagious disezses have focussed the gi-~r;'Gest attention 
on the public in  the l a s t  two decae:es, Many investigators believe that 
the a i r  pollution problem is responsible, t o  a grezt extent, fo r  the 
increase of non-contagiou? epidemics tha t  hwe occxrrcd i n  many areas of 
the world, U n f o ~ a t e l y  tke ssarch f c r  adequate p-oof of the correlation 
of disease to  a i r  pollution has been grestly hincwed beczv.se (1) no single 
source could be denonstrated as the only cause of the adverse effect,  iui- 
mediate or  delayed, (2) i n  wst c?ses a i r  pollution epidemics were recog- 
nized some time a f t e r  they had occurred, and (3) no exact disease pattern 
could be demonstrated i n  my of tho previous episodes. Hence, the study 
o f  air pollution epiCcmics includcs a nwber of varizbles, i n  addition t o  
human factors, tha t  may resul t  i n  a coq le te ly  different conception of We 
term epidemiologys Perhaps only one certainty exist3 z,t the present, and 
that i s  muoh work ef for t  need t o  be accomplished fo r  the demonstration 
of this complex "cauza - effect1' relationship, 
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The Problem -- 
In the "classicaln approach of studying epidemics, it has been 

customy to accept the causative role of the mechanisms of bacterial 
infection. Even if a patient shows symptoms having little resemblance 
to the "classical" reaction, the diagnosis may be defended with the 
understanding that the pathologic conditions produced by any infective 
process are, among other things, a function of the host tissue, as well 
as the activities of the agent and thus an induced risk of error is 
recognized. 

There are no ready-made recipes to be followed in 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 t 

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

2. The number of excess cases demonstrate symptoms of a toxic 
effect. 

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

4, All of the cases admitted are, or have been, exposed to this 
pollutant, and 

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

In addition the "toxic effect" must be characterized by the manifesta- 
tion of symptoms that can be diagnosed by the clinician. The occu;mace 
of a toxic pollutant then must be demonstrated by the quantitative and 
qualitative 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. Furthermore, the absence of ahy 
other causative agent must be clearly ascertained and the effect of the pol- 
lutant must be clearly demonstrated. In m y  cases, air pollution has been 
accused of being the cause merely because of the increased prevalence of 
nonspecific illnesses reported which may be entirely due to the variation 



in severity occurring all the time. Therefore, the most important factors 
that must be deterndned a m  (1) there must be a "population at riskn, and 
(2). there must be an "excessive exposure". Wlt in order to define "excess- 
ive expostwe" there must be a sufficient concen$ration of a toxLcant pre- 
vailing for a certain time period in a certain area and an unquestionable 
toxic effect must occur within this ce'din time' period. If this condi- 
tion can beior is, met then the validity of eddence for the clarification 
of this problem is clearly established. 

!&he Present Status of the I@idendological Aspects 

Unfortunately, the above statement in its present form may be too 
rigid to be generally accep€able to the scientist because the above condi- 
tions are not exactly met llor are they applicable to the normal urban 
environment. In 83.1 known air pollution disasters no single pollutant 
ever wuld 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. 
EZdhenaore, in some episodes a "quick" as well as a "slow" consequence 
was observed; and hence would aid to the puzzle of this complex problem, 
In addition, the various types of pollution and the variables existing from 
one region to another region greatly hinder any recognition'of an epidemio- 
logic pattern. 

!the existence of an air pollution epidemic was recognized but too late 
in most of the known episodes. A review of the   ond don ~pidemic" 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 
dffficult to retrospectively analyse the situation and, hence to find a 
conclkive cause-effect relationship. m e  other difficulty w i t h  retro- 
spective studies arises in the determination of whether there was a specific 
or a nonspecific chronic disease present and to what extent persMal atmo- 
8pheric "pollutionH i. e. "cigarette smokin$' contributed to the disease. 
In spite of these disadvantages, it is evident that the retrospective study 
plays a vital role in epidemic investigations because (1) they provide data 
that m y  be useful for f'uture studies, (2) the mode of occurrence may be 
determined more readily, (3) some responsible factors may be detected that 
have not been detected previously, a d  (4) some logical patterns are exist- 
ing and their recognition will enable the prevention of some future epidemics 



WHO m o  

Toxicological studies have played an important part in the deterroina- 
tion of the effects of pollutants upon laboratory animals. Of the many 
studies that are presently under investigation, studles of the toxic effect 
of pesticides, radionuclides 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 
"controlled environment", 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 various species used in investigations 
play an important 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 relationship of these anircals to man, and the fact that these 
anirnals 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 human 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 c o d -  
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 also 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 is 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 epidemiologists studying the patterns of infectious diseases have 
recognized some fundamental approaches for some time, Some of these 
approaches are the intensive clinical study of the disease process, the 
demonstration 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 reas* for this slow d e v e l o p ~ m y  be found in the relatively young 
problem and also jn the complexity,.~f !his type of study. The methods 
urmally ernplop3 tn ;this type of 'epidemiological study were cmfined to 
the determination of sirpple incidence and point prevalence of some diseases 
and to .the calculation of specific, mortality and morbidity rates. mese 
m e w s  are basic, to say the least, for little is known about the &srson, 
the place, and the time, Furthermore, little information can be retrieved 
about the mvironmenta.1 factors that may be, in part, responsible for the 
clinical symptoms or for the possible reason of etus. It is evldent 
that the approach to this type of study must be executed on a broad soale 
in order to effectively determine the magnitude of the problem; needless 
to say this is not an easy ventme. 

The primmy problem may 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 diseases that are suspected to bear a relationship to the 
prevailing atmospheric conditions. To do this the atmospheric conditions 
must be analyzed w i t h  respect to the type and magnitude of air pollution, 
and.to meteorological patterns. This malysis may prove to be difficult 
for there are many variables that must be taken into consideration. Eut 
if and when these two conditions are met, then the causal relationship of 
agent-disease may be established, provided that the responsible "reservoir" 
of the agent can be found, This might be very difficult 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 
primry cause and not merely as being a possible contributing factor. 

To better understand,some of the aspects of the epidemiology of.air- 
borne outbreaks, it appears necessary to refine to expand the data 
on incidence and point prevalence, This does not, necessarily, require 
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 envirorunental condftions. The- degree 
of susceptibility of an-individud to air pollution should also 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. Another factor 
that must be included into this data is the type of work the individual 
perfom. 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 
cardiovascubr 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 sctmples. The socio-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 w i t h i n  one group, the mtritional 
level of the sample or of the population, and the living pattern of the 
individual in the sample. The geographic location of the sample is 
important because (1) unusual topographic features will determine the 
greatest posstble variation in the amount of exposure, and (2) the meteoro- 
logical conditions vary greatly from one place to another. 

Casefully planned and executed laboratory 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. More,investigations must be performed with animals that reseae 
more the patho-physio~ogical patterns of humans, and more studies must be 
conducted under mre natural environmental conditions. With a gain in 
scientific knowledge from these laboratory investigations a better under- 
standing of the .epidemiological aspects in air pollution w i l l  be achleved 
and new and better tests will be developed for a'&re precise diagnosis of 
the disease. 

Conclusion 

It is appreciated that the study of the epidemiological aspects of 
"airborne contaminantstt is not an easy venture nor is it an inexpensive 
one. Tfie solution to this problem has not been answered satisfactorily 
even though some progress has been made in recent years. l3ut the need far 
further study of this complex problem is apparent, not only by those few 
idealistic investigators who are dedicated to soience and to this society, 
but every individual can and must help, if only for the sake of his own 
coMort. Finally, it is hoped that t h i s  statement of the problem may 
help in securing the concern and the thowts of the individual for an 
emphatic support to a nreasonablelt solution of this paramount problem. 



WHO EMRO 

Sumneuy of Discussions 

Prof. Lawther said that  Dr. Fri tschits  definition of epidemiological 
work should be enlarged to embrace long-term studles of disease among the 
people as well. He agreed that many air pollution effects w i l l  be 
successf'ully handled only on an epidemiological~basis and he noted a need 
t o  standardized questionnaires on symptom complexes. He f e l t  that cohort 
analyses would also be valuable i n  a i r  pollution studies. It was not 
always necessary, he said, that a specific toxic chemlcal be identified 
but that non-,specific factors can also be used* Dr. M t s c h i ,  in reply, 
was of the opinion that the study of long-term effects among industrial 
workers was more properly related t o  industrial hygiene, 

Prof* Katz noted that the Costa Rica air pollution episode was the 
only one in which a specific cause-effect relation was clearly demonstrated. 
In  acute cases, he f e l t ,  it is sufficient i f  one can show that an occurrence 
of a i r  pollution coincides w i t h  a r i se  i n  the number of deaths. It is 
more important, he f e l t ,  t o  measure the day t o  day effects of a i r  pollution, 
using not only epidemiological studies but all aspects of toxicology and 
related disciplines as well. 

Dr. Fritschl noted the early study of John Snow i n  1849 i n  the case 
of the Broad Street pump i n  London and cited this as a classical epidemio- 
logiaal study i n  sanitation, Prof. Lawther agreed with this and comented 
that John Snow had spotted cholera cases, noted thei r  relation t o  the m e  
of the pump and broke the cause-effect chain by pulling the handle off the 
pump - tlthis is what we should do i n  a i r  pollutiontt, he s a i b  
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Mr. L.J. Lovelace 
Regioml Adviser on l3wiromental Health 
WHO Eastern Mediterranean Regional Office 

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 stem from its duties to assist Member States in 
taking appropriate measures for the protection of health and the control 
of the environment, . T h i s  interest is underlined by the respansibillties 
assigned to the Environmental Pollution Unit of WHO, the functions of 
nhich, in respect to air pollution a p  as follows (WHO Document EH/68,l) z 

" ~ o  collect and disseminate information on the increasingly com- 
plex problem of air pollution, with special reference to the 
situation and trends i n  industrial areas and,.large towns, and 
facilitate exchange of information. To provide technical guidance 
on the prevention of air pollution and encourage the training of 
qualified personnel. To advise on air pollution control measures 
by technological and other me-, suchas administrative regula- 
tions and urban planning, and stimulate relevant work in this field," 

i 3  aacordance with the recomndations of the first WHO Expert Com- 
mittee on Air Pollution, particQarly in respect im the collection of 
infomtion on sources of pollution and their control, and of M e r  
meetings including the second WHO Expert Committee on Air Pollution, which 
upheld and elaborated upon the conclusionsof the first one, the interest 
of a number of courtries of t h i s  Region was aroused and requests for WHO 
assistance were made to the Regional Office, with .a view to surveying air 
pollution problems and submitting appropriate recommeqdations for control 
and in some cases simply for prevenvon. WHD was glad to co-operate and 
agreed to their WxPkSst with the result that a number ,of WHO consultants 
have visited at least six countries of the Region to carry out air pol- 
lution studies. Their reports have been published and some of them have 
been distributed to the participantse 



It is realized that a complete sumey of air pollutlon problems in 
the Middle East cannot bk? made at once, This will take t i m e ;  but from 
the WW3 reports already published and from the reports of WHO project 
engineers, 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 followings 

Motor vehicles are one of the main sources of ailr pollution and of 
complaint in many parts of the world. They disoharge into the air tons 
of pollutants, which interfere wlth our comfort and can be detrimental to 
our health, It is worth indicating in this respect that in 1966 in the 
United States motor vehicles discharged into the atmosphere 66 million tons 
of carbonbon monoxide and 12 million tons of hydrocarbons. As is well known, 
oarbon monoxide can be quite toxic and hydrocarbons are very important in 
the;' formation of photochemical oxidants. 

In the same context, it is of interest to note that, according to a 
study roade in Califorriia, about 7077 of the emission of hydrocarbons from 
motor oars come from the carbwettor and the tank, and are lost throw 
evaporation, 

This study verifies that an improperly controlled vehicle wlll waste, 
asunburnt oor partly burnt fuel, one gallon out of every ten gallons put 
into the tank. This may be tinbelievable but it is a fact, This amounted 
in Teheran in 1 9  to a loss through evaporation of about 28 million litres 
of petpol. T N s  quantity has, of course, now greatly increased and may 
well have reached in 1m 60 million litres. The importance 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 serious. ' This is reflected in the WHO docu- 
ments mentioned above. The information provided in this respect is surma- 
rized below: 

In Cyprus, which was visited by a WHO consultant in 1967, the records 
show that the total number of vehicles licensed in 1965 was about 70 000 
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including 4 000 of the diesel type. The estimated consumption of fuel was 
approximately 120 000 tons/wnum which represents an equivalent sulphur 
dioxide release to the air of about 2 000 tons/-. This has indeed 
very little significance. In fact, the total release of SO for 1% for 
all the fuel from petroleum products used in the whole isla& was not more 
than 12 000 tons/ahnum, for a total fuel consumption of about 350 OOo'tons, 
which is low, The conclusion of the survey 2s that there was no particu- 
lar problem in relation to motor vehicles. The growth of traffic in 
Cyprus is typical of a developing country in which people appear to have 
increasing means and increasing standards of living. Some advioe 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 field staff reports it was learnt that in Syria and Jordan 
the fwther import of diesel vehicles has been prabited by law. In 
Amman records show that in 1967 there were 4 600 diesel vehicles out of a 
total of 19 000 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 1%7 or about as much as is used in Cyprus. There 
is really no serious air 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 their further Importa- 
tion. 

In Syria the total amount of petroleum consumed in 196% is given as 
1.58 million tons approximately, including 800 000 tons or slightly more 
than haIf for gas oil. Information is not available at the Re@;;Lolnzrl Offloe 
conc6rning the problem of diesel vehicles in Syria but it m y  be assumed 
that complaints could have been received in this respect, resulting in the 
present prohibition of the import of diesel cars. 

It should be pointed out in connection w i t h  pollutant emissions from 
motor vehicles that both petrol and diesel-vehicles do not emit nitrogen 
and sulphur oxides to a great extent. From WHO Document wi#)/N?/67.28 on 
the Public Health Aspects of Air Pollution from Diesel Vehicles it m y  be 
seen that "the sulphur content of petrol is sufficiently small to be ignored 
but diesel engine fuels commonly contain sulphur compounds equiva;Lentto a 
sulplmr content of the order of half of one per cent. Even so, the amount 
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of S@ emitted under normal operation is usually regarded as sufficiently 
small to be discounted as an air pollutant except, possibly, in circum- 
stances where ventilation may be inadequate." 

Teheran - Dan 

The situation in Teheran was studied by m. Schueneman (reference WHO 
bcument EN@S/%2) who provides relevant reconmendations for the abatement 
and eventual control of the diesel vehicle problem. 

AS at July 1965 there was already in this capital city about 7 500 
diesel buses and cars out of a total of 77 000 vehicles. Approxi~liately 
375 000 2 of gas oil were used in the city for an equivalent ,302 release 
to the air of over 6 000 tons per year, the total release of So2 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 
WHD document EM/k.S/94) is not the emission of sulphur dioxide, but the 
concentration reaching the lungs and it will be interest- to have the 
results of the monitoring programme for this gas. The total mass emission 
is not high, at present, compared with many modern cities, but it m y  
increase with increasing industrialization unless natural gas becomes 
available in large quantities, 

The problem of diesel engines as related to air pollution is disoussed 
in WHO document WIfO/AP/67.28, This docwnent stresses that there is no 
justification for the attacks so frequently made against the diesel engine 
on the grounds of its supposed effects on health. It is true that smuke, 
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 including its f'uel pump is well regulated and maintained 
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 it. 

On the other hand, it mst be mentioned that carban monoxide emissions 
which are so dame-s in heavy traffic., come mainly from petrol-driven 
vehicles, and hardly at all from- diesels. In 1%6 there was ten times as 
much carbon monoxide emission in the United States from automobiles than 
from all the other sources aombined, It will be recalled that carbon 
,laonoxide is toxic and will kill at high concentration, At about 100 ppm, 
a concentration of shich was found occasionally during observations in heavy 



traffic in Oxford Circus, London, and in Detroit, most people experience 
dizziness, headache, and other forms of C02 poisoning. The "serious level" 
of carbon 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. 

p e  Smog Problem 

Photochemical "srog" is another type of air pollution problem to 
which reference should be made in connection with motor vehicles. It 
results from the reaction of nitrogen oxides and hydrocarbons in the pre- 
sence of sunlight. Smog can severely damage crops, reduce visibility, 
irritate mucous membranes and reduce resistance to respiratory diseases. 
It has been observed in a number of cities 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. 

Little information is at present available at the Regional Office 
concerning photochemical smog in this Region. It is thought that this 
type of airpollution may only occur in a few cities, possibly in Cairo or 
in Teheran where, as reported in WHO document (reference ENJElfi2), the 
general air pollution by nitrogen oxides and hydrocarbons might have, 
already in 1965, reached levels high enough to cause photochemical smog. 

Indusf r3al Sources 
-.- -- -.- - 

The present informatton 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 Heri 
Cement Factory in ~ebkon. As such they did not affect a great section of 
the population. However, in other cases the pollutants from the stationary 
sources were important en- to call for strong recommendations on the part 
of the consultants towards their abatement and control. Such was the case 
in mwait for the Chemical Fertilizer Company* A brief account is given 
below of some of the main sources studied. 

Both in Lebanon and Teheran, there are a number of cement factories 
which were the cause of comp.taints from the population, especially in Lebanon, 
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It will be recalled t'mt the mzufacture of cement i s  a dust-forming 
operation and that  the cowlete elimimtion of dust i s  practically impos- 
sible, The most serious problem from a technolo@;ical standpoint involves 
dust separation from the hat  ki ln gases, 

In a l l  the c o ~ x t r i e s  involved i n  the study, one of the main problems 
was, in effect ,  the lack of dust arrestors in the kilns resulting i n  i m -  
portant emissions of dust, The consultants have reported observing very 
dense plumes of dust being emitted from kilns. Without exception no t e s t s  
were made t o  determine the dust load in the waste gases. The dust problem 
remains important and it is suspected that  dust concentration is often above 
the recommended zmunt of 450 rug/$'. It must be added that  cemerrt itself 
may also create a nuisance even greater than the dust from the k i ln  gases 
and every ecfort should be made to r e s t r i c t  cement dust from being blown 
about, However, it is satisfying t o  note that i n  all the countries visited, 
the packing and cement clinker grinding sections were f i t t ed  with bag f i l t e r s  
which are very effective. 

me o+Aer problem was the emission of hydrogen sulphide about which 
complaints were received in Le&non and Cyprus, With the exception of the 
Lebanese plants, al l  the ceinent factory kilns mentioned i n  the consultants' 
reports were not f i t t ed  ~ t h  oxygen indicators t o  deterrdne the oxygen con- 
tent. .Finally, it was noted tha t  in all cases the chimneys were not high 
enough to  ensure p r f e c t  dispersion of the gases. As my be recalled, 
hydrogen sulphide can be tolerated up to  a concentratior, of 5 ppm in the 
flue gases i f  the chimney i s h i g h  enough. 

The situation d-scribed above w i l l  not necessarily be the sarne else- 
where, but the general recorcmcnc!ations made by the WID consultants can be 
useful. They concern th- nececaity of carrying out t e s t s  on waste gases 
from the kilns to deterdne wheth5: dust arrestors are required, the need 
to provide bag-filters to  ce~ent-alinker and grin- sections and t o  make 
systematic t e s t s  for  hyctrogen sulphide, A l l  new kllns should be f i t t e d  
w i t h  proper indicztizg =id control instruments t o  maintain oxygen content at 
the correct level  of 1,5$ to 2$ minimum, and should have chimneys with 
adequate height md with an efflux velocity not l e s s  than 15 m per second 
a t  maximum production, 

Wick Factories 

This problem is mentioned as it constitutes quite 2. nuisance in Baghdsd 
as  well a s  i n  Teheran and possibly i n  other c i t i e s  of the Middle East. 



Reports from WHO staff i n  Iraq s t a t e  that great concern has been expressed 
by the authori t ies  regarding.brick factories  t o  the extent that it has been 
decided t o  graduallyelimihate them from the c i ty ' s  boundaries.. Accor&Lng 
the the WHO Engineer's report,  the brick factories  are  very conspicuous with 
t he i r  thick black smoke indicating the type and extent of the air pollution 
problem created, 

In Teheran, the s i tuat ion is  about the same. It has been reported 
tha t  there arewell  over 200 brick factories  i n  Teheran. Nearly all the 
k i lns ,  i n  which the bricks are baked, are f i r ed  w i t h  a mi&- of coal and 
o i l  which is heavy o i l  containing an average of of sulphur. The Mlns 
produce a dense black smoke during a high percenL%age of the time they are 
fired. Some of the ki lns  are f i red  e~:clusively with heavy o i l  and air Is 
injected in to  the furnzce under pressure w i t h  the use of an a i r  compressor, 
The proportioning of air  ar-d o i l  i s  sa id  t o  be controlled by hand. The 
smoke problem is  considered severe and the decision Us been taken t o  
encourage owners t o  move the brickworks fo r  several Hlometres t o  the south 
of the existirz brickafields and eventually in to  the desert. 

Another oljservation made concerns the height of t h e  kiln-chimneys. 
Most of them have a brick stack about 3 metres i n  height, a few of theiti 
are only s l ight ly  higher thm the kiln. m e  chimney w i l l  normilly provide 
natural draught t o  slssist coinbustion and its height and diameter are  deter- 
mified by the amount of draught required and the velocity of gas passing 
through it. I f  low chini;ic:rs are  used, draught must be provided by fans. 

The two WIiO Consultants who studied t h i s  problem are of the opinion 
tha t  it is possible t o  obtain a be t te r  combustion by using i n  the f i r s t  
place e i ther  coal without addition of o i l  or by using a recognized grade 
of o i l ,  and then by apalying well known principles of combustion t o  the 
desigri and operation of the cornbustion equip.ment, I n  short, consideration 
must be given t o  proper a i r - f ie1  r a t ios  ~ n d  proper nixing and t o  sufficient 
ignition tercperature ancl suff icient  time t o  burn a l l  the fuel. If required, 
after-burners my be used. The above w i l l  apply t o  the various other light 
industries e i ther  i n  Tehera~,  such as the plaster  works, or i n  some of the 
other countries v is i tzd  by the VrXO Consultants. 

Smoke w i l l  remain f o r  son2 time t3 cone the public enemy number one i n  
the f i e l d  of a i r  pollution. Historically,  the f i r s t  air pollution ordinan- 
ces were concerned viith szoke abatement, because of its widespread occurrence. 
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Although smoke reflects m a s  Mustrial progress, the scientist knows 
tSlat it also shows man's inefficiency in converth fuel resources into 
useful energy. He also knows that technology is advanced enough to solve 
the smoke problem satisfactorily. Let it be hoped therefore that the 
action required will be taken as soon as feasible to clean the air of such 
Impurities, 

Refineries 

has little information concerning the air pollution problems 
created by refineries in this Region, From Baghdad it is learnt that 
the usual complaint concerns the unpleasant smell coming ffom gases emitted 
by the D a m  Oil Refinery. In the imnediate vicinity of the factory, 
datllage to car paint has been observed. 

It is realized that +S and the sulphur oxides, including probably SO3 
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 refTneries have also been reported 
in Mrwait but no measurement could be taken of the important gas contaminants 
for lack of measuring insfmments. 

However SO2 and *S were intermittently smelt In some apeas of Kuwait, 
particularly in the Shuaibah area. Ground level concentration of gases in 
suspected areas was estimated on the basis of stack design. They were found 
to be above usual concentrations (reference WHO document ~~,&3/118). Note 
was also taken that one of W sources of air poLtuWon was created by ground 
flares producing huge &mounts of black smoke. 

It is believed that similar air pollution problem related to refineries 
w i l l  be found in varying degrees in many other countries of this oil-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 is a field for specialists and the petroleum industry needs many 
of them, as do the government authorities concerned with air pollution control. 
It may be noted that the new Air Pollution l&&neering Manual (US PHS publica- 
tion WAP-b) provides a number of suggested measures for reduction of air 
contaminants from petroleum refineries and thoroughly discusses various waste- 
gas disposal systems, W s  book which is in the list of background docu- 
ments for thls Seminar should prove very useful to air pollution control 
engineers and specidlists. 
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It may be of i n t e re s t  t o  note t h a t  improvemnts i n  petroleum refine- 
r i e s '  technology are reducing ref inery emissions considerably - waste-gas 
f l a r e s  f o r  instance which are  used t o  dispose of gases collected from slllall 
leaks'were once a source of great ~raounts of smoke, as i s  a t  present the 
case i n  Kuwait. Nm they are  mostly of the smokeless type, as a i r  o r  
steam is  injected in to  the f l a r e s  t o  pronqte combustion. Also the reco- 
very .of sdphur ,  contained i n  the cmde o i l ,  is  widely practised4 Sulphur 
recovery efficiency a s  high as  9% has been reported, 

A s p e c i d  case of so l id  fue l  burning which, from the point of view of 
a i r  pollu-Lion control,  has some importance i n  mvly c i t i e s  of Ewrope and 
America, is the  burning of refuse by induztry and s p e c i d l y  by municipalities. 
This problem may not be severe i n  the c o u n t ~ i e s  of this Region. However, it 
should bs noted tha t ,  &t present, i n  almost a l l  of them refuse disposal con- 
sists of open duws and/or open incineration only. >To incinerator is appa- 
ren t ly  used except i n  Cairo where about 10% or" the so l id  mstss can be accom- 
modated i n  a ~ 1 ~ . 2 3 _ 1  incinerator, Eighty psr  cent 3 3:~posed of by sanitary 
l a n d f l l l  and 10$ i s  trmsformed in to  organic feI-tilizor, 

The table  below summarizes the s i tua t ion  i n  some c i t i e s  of the Eastern 
Mediterranean Region of 1@10 : 

Distynca t o  
Disposcl 

I - t - ~ l -  Aden ( P . R ~ s , Y ~ )  

Baghdad (Traq) 9 mcl 5 km 1 650 
Chittagong 11 km 170 

(E, Pal.cist,m) 

I Teheran (1rzn) 1 25 I 9% 

Zerka (Jordczn) 6 km 

DirFosal Method 

Open dump, open incineration 

Open dump, p ~ z t i a l  incineration 

Open d u ! ,  l c t e r  destroyed by 
f i r e  

Open dump, open incineration 

Open d m ,  open incineration and 
f i l l i n g  borrow p i t s  a f t e r  bxmm 

Opcn dump, l a t e r  destroyed by 
f i r e  then covered with sand 

Open dump 

Opcn 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 burnin@; 
of refuse, if practised, is likely to create a lot of nuisances, specially 
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 other hand, r e h e  
is disposed of by sanitary landfill, which is still one of the best known 
methods of solid wastes c?isposal when adequately carried out, there will 
be practically no air pollutant emission. 

These questions were discussed 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 air 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 this Region are in general suffering from 
another great problem due to natural causes, the sandstorms, wainst which 
very little if anything at all can ever be done, It is interesting how- 
ever to mention the studies carried out in Kuwait by a WHO consultant to 
determine as exactly as feasible the amount of deposited dust from sand- 
storms, (~eference WHO document ~;~1/~s/118). 

For the purpose of W s  study collection of dust was made for the last 
twenty-two days of Kay 1%8 and. the results corrected for the whole month. 
The dustfall collectors used consisted of 1 litre cylindrical glass beakers, 
about 2/3 filled wikh distilled water, A table provided in the report 
shows that the average of nine stations excluding the Shuaibah industrial 
area and the fertilizer plat area was in the order of 400 tons per square 
mile, which is very high indeed, Dustfall would nf course be much higher 
in the above two areas, (e~ctly 721.8 and 1464.0 tons respectively), 
because of the additionel pollutants from the industries, In comparison, 
it may be recgled t h a t  the average dustfall for some cities, as given in 
WHO Monograph No. 46 on Air Pollution is as follows: 

London: 97.1, New York: 8 5 8  tons per square mile, which shows how 
important the dust problem is in KWait, 

m e  imdiate zffect of the storm %s the decrease in visibility, the 
effect of which is so vital in various ways, specially in connection w i t h  
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plane landings and automobile accidents, The same document shows that  i n  
Kuwait the v i s ib i l i ty  is clear,  being not more than 50 km, d w n g  18.3 of 
the year only, and less ,  than 5 km or  3 miles durirtg 6.S .of the year. The 
l a t t e r  is the adverse,, level according t o  the ~tandards  fo r  Ambient A i r  
Quality adopted by the California Board of Public, H e a t h ,  'This s i t ua t i on  
i s  perhaps the same in Qatar and the other c i t i e s  along .the Gulf. 

Another interesting study was published l a s t  year i n  the magazine 
"Atmospheric Ebvironmentn by the Pergamon Press and concerns the dustfal l  
caused i n  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 beakers, 17 cm high and 9.5 om 
diameter were used fo r  the study. The jars were changed every mmhg and 
evening, but i f  a storm should pass, the Jars would be l e f t  i n  place un t i l  
the weather cleared, Dust collected should consequently represent the 
dust deposited by the storm, 

The resul ts  show that  a very great amount of dustfal l  was collected. 
The figures obtained i n  tons per hour per square mile are 0.96, 1.95 and 
1.41 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 
tha t  the Kattara Depression, which is on the way of the khamin s to rm and 
appears t o  contribute a @;reat deal t o  the amount of sand i n  the spring storms 
of Cairo, be f i l l e d  w i t h  water from the Mediterranean Sea. It is thought 
tha t  "the f i l l ed  depression would be a source not of dust and sand but of 
water clouds and i n  t h i s  way might diminish the volume of dustfal l  during 
the spring season". 

It cannot yet be known fo r  sure whether this solution w i l l  help t o  a 
great extent i n  the abatement of Cairo dustfdll  during the spring, but the 
dustfal l  problem exists  i n  sufficient degree not only i n  Egypt but i n  most 
countries of this Region t o  jus t i fy  taking more effective action by all the 
authorities concerned with a view t o  preventing additional pollutants from 
being discharged in to  the atmosphere, The dust-storm problem is i n  effect  
unsolvable, and it w i l l  certainly pay very much not t o  add t o  it. 

It is true tha t  dustfal ls  have been occurring for  centuries i n  the 
Middle East and that the people have Learnt t o  l ive  with it, but it is like- 
wise t rue t o  s t a te  that industries are now expanding everywhere i n  this 
Region, polluting the environment, and tha t  defini te  steps should consequently 
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be taken to control these sources of man-made a i r  pollution. This would 
very much prevent the afaosphere f h m  approaching the limit of its capa- 
c i t i e s  t o  absorbe contaminants and would indeed provide for the very 
protection of the health of the people. To tha t  end, the World Health 
Organization w i l l  endeavour, in  inany ways, notably in helping to  t r a i n  
qualified air pollution personnel, t o  be of service t o  the Member States 
concerned. 
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Following the expos6 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 problem in 
thelr respective countries. These included statemnts 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. 

IFiAN 

1. The sanitary action being taken throughout the country to solve air 
pollution problems is as follows: 

In accordance with the recommendations made by the "~ational Aii 
Pollution ~eminar" in November 1966, sanitary pmtection was carried 
out on air pollution from all possible sources, such as factories, w6rk- 
shops, premises, brick, ,lime-gypsum kilns, etc. , throughout the country. 

2. The monitoring progranrne in Teheran is summarized below. 

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

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

a. Natural gas pipe 

b. Underground (metro) transportation 

c. New site for heavy industries and brick factories 

e, Artificial forests. 

The above would solve the problem of air pollution in Teheran. 



4, The future profpame of air pollution control would be: 

- To extend the Teheran air monitoring programne through general studies 
to individual plants. 

- To extend the monitoring programme on air pollution to other industria- 
'1Leed towns, such as libadan, Isfahan, Tabriz, :&raz. 

SumUarg. of Air Pollution Assessment and Control 
2 Teheran, 1966-1969 

1, Population and area: 

Teheran has an area of 240 square kilometres, 3 million population w i t h  
5.6% population growth. 

2. Study on mteorology and topography of Teheran. 

3. mjor sources of air pollution: 

Cement manuf8C;ture; motor vehicles, general fuel oil combustion, 
small air pollution sources, refuse collection and disposal, brick, 
gypsum, lime manufacturing. 

4. Studies on air pollution: 

Total suspended particulate sampling and analyses 

Soiling potential of atmospheric pollutants and analyses 

Deposition of dust sampling and analyses 

Sulphur dioxide sampling and titration 

Carbon monoxide measurements 

Carbon dioxide measurements 

Vehicle count 

5. Air quality data: 

Measurements taken from 20 W h  1967 to '20 March 1968, 



5.1 Total suspendad particulate matter: 

The number of samples taken in three stations in Teheran by three 
hi@-volume air swtplers m s  344. 

Wm concentraticn of total suspended particulate matter -om 
20 March 1967 to 20 larch 1968 in Sepah Square Sampling Station was 
9 3  pg/d and minim conoentration 140 pg/&, 

5,2 Soiling potontial of atmospheric pollutants: 

The number of saqles taken in three stations by three daily 
volum~tric samplers v i m  34 b0 

~1~ ; : imum concmtration of soiling potential of atmospheric pollutants 
in Teheran in Se>a.h Square Sampling Stations was 9 0  1"9/$ and ndnlmqn 
concentration 50 3.'c/d. 

5.3 Sulphur dicxide: 

The liu~nbir of samles taken in three stations by three daily 
volumetric sanplei-s was 344, mere is a very close resemblance 
between the increase of kerosene consumption and the increase of 
dosage of sulphur dioxide in Teheran. Mm.xn sulphur dioxide con- 
centration is around 185 yg/d and minimum concentration 10 pg@. 

5.4 Carbcn nonoxide : 

1059 carbon monoxide measurements ore-- d e  by squeeze tube carbon 
monoxide deteztor at different times of the day (9.30, 11.30 13.30 local 
standard tine), F2ixii-m.n concentration is 100 ppm and median average 
20 ppm, 

5.5 Dust depoeit: 

Eight sarples L-ken in three stations by dust-fall jars show great 
variation in dep2sition 02 dust in different areas of Teheran, It 
varies beemen 6~--489. tons per square mile per month and 336-518 tons 
per square mile pzr nonth. 
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5.6 Carbon dioxide : 

m e  measurement of carbon dioxide in Teheran was made by the 
gas-chromatographic method in  the Teheran University Nuclear Centre, 
It is  measured i n  f i f t y  main points of Teheran a t  three different 
times of the day and night (8-00, U.30, 20.00 local standard time), 
The variation of C02 i n  the a i r  was between 0.009 t o  0.06%. 

6. A i r  pollution control i n  Teheran 

6,1 Development of green areas 

1 1  Teheran has got twenty-five parks and children's gardens 
of an area of 3 056 000 2. The average area per inhabitant is 

2 equal to  1 m . 
6.1.2 Arboriculture 

A t o t a l  of 100 000 t rees were planted by the Municipality 
of Teheran during one year from 20 Wrch 1968 t o  20 March 1969. 

6.1,3 Parks and squares under design 

A number of seven parks and squares of an area of 50 000 ai! 
were designed end technical plans were prepared during the year 
f r o m  20 March 1968 to  20 March 1969. 

6.1-4 Parks and squares under construction 

A nw~ber of forty-two parks, squares and boulevards are 
under construction. Siting, design, and technical plans are 
being made for  twenty new parks i n  Teheran. 

6.1.5 Developnent of a r t i f i c i a l  forests 

The reaort made by the Ministry of Natural Resources indi- 
cates that  the area of a r t i f i c i a l  forests i n  the suburbs of Greater 
Teheran has been extended very greatly, Table 1 shows the area 
of a r t i f i c i a l  forests during the years 1 9  to 1%. 
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Table 1 

Development of Forests 

  larch 1964 50 000 m2 
2 

March 1965 950 000 m 
m c h  1966 1560000~ 

March 1967 2 
6 500 000 m 

March 1958 23 763 Ooo m2 

March 1%9 23 760 000 m2 

2 
plus 17 000 000 m under development 

6.1.6 To control sand movement in the area between Abardage, 
Desert and Saveh area, arboriculture plantation of 11 000 000 m2 
in the area between Abardage and Desert and 10 000 000 m2 in 
Saveh area, 75 km far fkom 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 pollution. 

-!the Ministry of mblic Health with the co-operation of the other 
Ministries and organizations.and the Nunicipality of Teheran took a 
very strict step to demolish brick, lime and gypsum kilns, which were 
built in prohibited areas. The first official action started in 
19. July 1966, During twenty months, the number of sixty-eight Hpiftuan 
brick m~nufacturing kilns, 365 gypsum manufacturing lrilns and 17 lime 
manufacturing kilns have been demolished, after continuous official 
action. 

IRAQ 

Aip polliztion 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 
f7.1tu.m as the numher and types of factories and the use. of motor vehicles 
increases rapidly. No studies of the amount and types of air pollutants are 
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undertaken yet, but they are rnostly those that come from fuel combustion 
(industries and motor vehicles) and sand storms, Most of the factories 
i n  Baghdad area are near or among the residential places. The possibility 
of a i r  pollution i n  Baghdad City comes from brick factories, o i l  refineries, 
cement and asbestos factories, edible o i ls  and detergent factories, power 
houses, railway stations, motor vehicles and other sniall industrial establish- 
ments. 

The master plan for  Baghdad area w i l l  be of great help i n  reducing the 
amount of a i r  pollutants; the brick factories are t o  be transferred gra- 
dually outside the c i t y  in the industrial zone, It is also planned that  
large industries be constructed i n  different parts of the country. NaturaJ 
gas wil l  be used i n  the near h t u r e  instead of petroleum products as a source 
of power. Work started t o  surround a l l  the c i t i es  with belts of trees t o  
minimize the effects of sand storms, 

Topography and -- population 

Kuwait is a fa i r ly  f l a t  country with no mountains and it l i e s  a t  +he 
northern part of the western side of the Arabian Gulf just t o  the south 
of the Republic of Iraq and north of Saudi Arabia, The inhabitants of 
l:uwait, according t o  the l a s t  census, are 467 339 as  compared t o  206 437 in  
the census of 1957. So the rate of increase of population i n  eight years 
was almost double; This is due t o  two factors: (1) increased migration 
into the country and (2) the high bir th  rate, 

The number of non-Kuwaiti inhabitants is 247 280. The working popu- 
lation amounts to  68 433 of whom 6 858 are Kuwai t i s  and 61 575 are non- 
I(trwaitis. I n  the l a tes t  manpower survey carried out in  1967 the number 
of workers was found to  be 184 318, of these 43 025 are Bmaitis and 
141 293 are non-Kwmitis. 

General Climatological Description --- .- 

Dry hot summer wlth frequent sand storms, and cool winters with high 
relative hmidity and occasional rains, Fogs r a r e ly  occur i n  Kuwait, The 
average monthly temperature i n  summer (Jme through ~eptezber)  is around 
36'~ with the highest average temperature being around 44 C. The average 
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maximum sun radiation temperature reaches its peak during this Efeason and 
i s  of the order of '74'~. Swmner is the highest sun-shine season with no 
prebipitati6n. . ~ e i a t i v e  humidities b e ,  in the mikin, within 26 t o  m, 
with an average maximum relative humidity of the order of 43%, the lowest 
being around 1&,. The ra te  of evaporation of water is terr ibly high, 
reaching 24-6 nm per day i n  June when the sun radiation has its highest 
value and the mean wind speed reaches i ts  maximum (14 miles per hour). 

A i r  Pollutants i n  Kwait 

1. Natural dust 

2. SO2 - H2S 
3. Pollen of some trees 

Measured Pollution Levels 

Dust f a l l  : 

= 447.8 tons per mile 
2 

Average in May 1 9  
2 

Average of nine months r 1958.3 tons per , a l e  

Gases: 

SO2 dur- the accident of 1966 

a t  6.00 p.m. = 50'ppm 

next day a t  8.00 a.m. = 20 ppm 

a t  4.00 p.m. = 8 PPm 

Asbestos : 

3 
100 metres away from the factory E 25 million per m 

1 lan away from the factory 3 
e 18 million per m 

5 km away from the factory 
3 

= 9 million per m 
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Pollens r 

3 ~umeration of pollens in Khwait expressed in thousands per m . 
Pollens - of; Mean Value 

Prosopis Juliflara 

Parkinsonia Aculeata 

Calestemon Lanceolatus 

Acacia Seyal 

Eucalyptus Glanca 

Albizzia Lebbec 

Others 

vustrial Process Emissions 

The most important industrial plants are: 

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

oil refineries, chelrdcal fertilizer plants, drilling mud plant, ground- 
flares for burning excess gases from the oil fields and refineries. 

1. The total number of cars running in m a i t  is 131 688, about 3 000 
only use diesel oil. Of thls total 7 496 motor-biaycles are inaluded, 

The average fuel consumption is about 4 gallons per day per car. 

2. a. Traffic count - 28 000 cars per hour in the City. 
b, No crankcase emission control apparatus is used in cars in Wait. 

c. mela used are: benzene, diesel (very little). 
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m e  l a t e s t  population number according t o  the l a s t  census is 467 339. 
Ninety per cent are located i n  Kuwait City and its suburbs. The largest 
desert areas are very scantly inhabited, 

Fuel U s e  

Yearly consumption of l iquid fuel  i n  &wait - (1 000 gallons) 

 his includes the commercial, residential and industrial processes. 

No appreciable amunts of coal are used exoept small amounts used fo r  
domestic heating 'amongst the poorer classes i n  winter using open vessels 
a s  burners, 

Year 

1965 

1%6 

Almost a l l  industrial establishments use gas o i l  fo r  power gensration. 

Gasolene 

58 809 

67 181 

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

- - 
Heavy Residue Oil 

7.8 

5.8 

Kerosene 

11 565 

11 237 

Refuse Disposal 

Gas O i l  

16 529 

22 4.07 

1, Amoun t  of refuse produced and disposed per day is 600 tons, 

2. Refuse i s  burnt i n  s,%.-ial dwps i n  the desert 20 km away from the 
residential areas* 

Local authorities were f i r s t  aware of the existence of an a i r  pollution 
problem i n  Lebanon i n  1955. In recent years, it has assumed more serious 
aspects owing to  the fac t  tha t  a i r  pollution prevention and control i n  t h i s  
area have not kept pace w i t h  industrial development and increased industr ial  
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production, population expansion and heavier traffic, 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 
city of Beirut znd the coastal plain extending from just north of Beirut 
arid up to the south of Tripolio bJhile smoke, dust and  sulphur oxides are 
apparently predominant, other contaminants are undoubtedly contributing to 
the polluted air situation, The high traffic count of Beirut, associated 
with the existence of high buildings, narrow streets and restricted wind 
movement, is responsible for the occasional haze during day time. As to 
staok emissions, industrial plants situated on the afore-mentioned coastal 
plain are considered as the most apparent major contributors to continuous 
pollution, 

Pakistan is a country with a population of about l X  million people, 
0 

Its climate ranges from below freezing point to 120 F. Its geographical 
topography presents hilly areas, plains, deserts and areas with abundant 
water resowces. The rainfall also ranges from almost nil to more than 
100 inches per year. 

Population Trend in the Community 
---*- 

The rate of progress of industrialization has been remarkable, The 
rapid process of industrialization associated w i t h  urbanization is creating 
environzental problem. At present 20$ of the population is urban. 

Public In-berest and Concern about Air Pollution 

Recently complaints of chlorine gas and SO2 were received by the 
Bpartment of Occupational Health of the Provincial Government of West 
Tz'Sstan, In 1968 czi LriveetLgation was carried out of cement works and 
it was found out that dust and smoke from these works were having an adverse 
effect on the nearby vegektion. 

xorbidity reaords too have shown an increased number of respiratory 
diseases presumably due to the increased number of motor vehicles 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 increased number of industries 
like chemical, paints, roofing, rubber, soap, fertilizer, metal and m l m r a l  
industries will be the potential sources in the years to come, 

Current Air Pogtion 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 so as not to permit 
conditions to deteriorate to such degree as may constitute a serious threat 
to the comity. 

At present there is a dearth of standmds for possible air pollutants 
and need is felt for much more investigation of atmospheric air polution. 
There is also a great need to practice preventive work by the education of 
industrialists and the general public. A survey must be made to determine 
the nature and concentration of air pollutants. Local atmospheric condi- 
t i b  will have to be studied to determine their impact on the problem of 
air pollution. 

The possible sources of air pollution can be sumznarized as follows: 

2. m e  refinery 

3. The power station 

4. Dust storms, 

%ere was a project'to plant a green belt of palms and shrubs west and 
south of the zrea dfected by these storms, but for unknown reasons, the  
project was not executed, 



The above sources of air pollutionare still there, but the pollution 
caused is insi&icantaompared with the area of the Republic, which 
approximtes 130 000 square miles, as this ensures an excellent dilutian. 
However, as it is an expanding nation with aspirations to industrializa- 
tion, air pollution hazards will be taken 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 it, even before the 
first step towards industry. 

SUDAN 

The country is aboutoa millign miles, the largest in Africa, 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 agricultd 
prduetion including crops d anbaL products--and .the i.ndu6tries-.ass~1~iat.e& 
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) occurs in nearly all the 
oities of the Northern Sudan during the manths of April to August, the 
average daily occurrence being about 5.6 a month. 

The min industrial sources are cotton ginneries and textile mills, 
cotton-seed oil and soap manufacture mills, cement factories, native stacks 
and agricultural pump schemes* The f w l  aonswnption in these be- mainly 
diesel oil, wood and charcoal, The number of cars licensed in 1968 is 
about 17 000 of which 3 3 0  are dlesel, and they all con- about 140 000 
tons of fuel, Of other transport sources, railways and railway workshops 
at Atbara require a particular mention. 

A unique pollution problem facing Aroma distrid in Eastern Sudan is 
castor-bean plantations and seed-mills, This causes severe upper respira- 
tory and skin allergies. 

Preliminary studies have Seen carried out, but further surveys will have 
to be widely done and effective control measures applied. 



WHO EMRO 

UNITED ARAB REPUBLIC 

There are two types of air pollution in the United Arab Republic, 
name1 y : 

lr Natural pollution 

2. pollution caused by human activity, mainly by industry, 

The natural poliution is temporary and occurs only during the w e e n  
wind activity in 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. 

2. The soot particles of burnt bagasse from sw.r refineries in Upper 
Egypt a 

3. The cement plants, although the danger from cement particles, 
according to Gardner and others f l w m  the point of view of dust 
disease of the lungs, is trivial, 

4. Air pollution czxed by means of transpo~t, nzmely: 

a. Railv3r engines - coal. locomotives were replaced by diesel 
and electric locomotives. This lessened the pollution to 
a great extent. 

b. Motor-car vehicles - till now it is a potential hazard and 
it is under investigation by the Government for any future 
harm. 

5. Ionizing radiations - till now no problem, 
6 ,  Local air pollution from sporadic factories such as lead smelting, 

tanneries, fertilizers producing plants, starch, glucose and dextrin 
producing factories. Each case is treated stccorcliw to the con- 
dition present therein. 

7. 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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Legislation and Govemntal Efforts to Combat Air Pollution 

1. %e 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 m y  cause noise or ill-health or my be dangerous to 
People. 

2. The Law. of "~ndwtrial  states", 

3. The Presidential b w  of the 'High Committee of Air Pollutionn headed 
by the Minister of Health. 

The sources of air pollution in Rumania became numerous and varied, in 
the last twenty years, concomitantly with rapid ind&trialization and &ban- 
ization. 

m e  most connmn air pollution pollutants of urban areas, which interfere 
directly or indirectly w i t h  the well-being or even.with the health of people, 
are the followingi 

Sulphur dioxide, dust and other suspended matter, chlorine and its 
compounds, nitrogen oxides, fluorides, lead and lead oxides, dodorous 
pollutants, etc, 

The research works az the influence of ambient air pollution on health 
or on living conditfons, by the epidemiological approach, are carried out 
by the Hygiene Institutes &nd ths Sanitary State Inspectorates. 

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

1, Principal Locations and Sources of Air Pollution 

Principal locations in Turkey where air pollution presents a problem 
aret Ankara, Istenbul , Murgul and Maden. Ankara, the capital of Turkey, 
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and Istanbul are the places where air pollution is most likely to occur. 
In Ankara the factor of air pollution is the chimney smoke and gases coming 
into the air from buildings and factories (incomplete combustion of sub- 
bituminous coal and lignite) at the rnte of 75$, and 2% due to industries 
and vehicles, According to research work of the School of Public Health, 
So2 and smoke concentration in the air of Ankara for 24 hours is as followsr 

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

.. 
Year so2 

200 micrograms/nS 

244. micro@;rams/d 

269 ndcrograms/m3 
-. 

3. Encouragement Neasures 

Smoke 

164 p/d 
170 w ~ S  
280 pg/d A 

-- 

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 establishment of stationary and mobile teams to control 
emissions and enooureges the use of smokeless semi-coke for dornestie heat- 
ing, etc. 
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11, m I X S  AND FOR MEASURING POI;LU'I'M EXCSSlONS 
(STACK ElCCSSIW TESTING) 

Y 
Professor M. Katz 

WE0 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 detemlnation of 
velocity pressure, stainless steel probes, alundum thimbles for aollection 
of particulate matter, sorption units, and. flow measuring devices. 

For the collection of particulate natter, isokinetic sampling is 
necessary. The flow velocity in the sampling probe should be identical 
to that in the steck. Null type nozzles are available to insure isokinefio 
conditions in the probe. The lecture's outline follows& 

1. bfeasurement of Gas Flow. Temperature and Humldity 

a. The standard pitot tube 

(Total or impact pressure) - (static pressure) - velocity pressure 
v = gas velocity, ft./sec~ 

h = ft. of head of gas 

hw 
= velocity pressure in inches of water gauge 

h .. 
h x (density of gas) = 2 x (density of water) 

I 2  
2 

g = grav-ltational acceleration, 32.2 ft,/sec, 

- * 
prPr*sor; 2epart&n~llf.~i?;i1 %-@nm33-ig ; S y n x x r i c  Uzrimi%?xZQ*, ~~~e, 
6 York, USA 
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s density of gas (L~s/c.F.) a t  stack tempera- and pressure 
conditions 

b. Location of p i to t  tube traverse points 

Circular duct: 0.316 A, 0,548 R, 0.707 R, 0.837 R, 0.916 R 

R = radius 

c. Temperature and humidity of stack gas. 

2. Gollection of Stack Samples 

a, Equipment for collection of particulate matter - sampling probe, 
nozzle and f i l t e r  media. 

b. Types of f i l t e r  media; alundum thimbles; glass thimbles (S and S) 
or (I%% 1106-B) ; paper thimbles (Whatmati) ; cherrdcal f i l t e r  papers, 
(cotton, wool, nylon, orlon, asbestos, etc.). 

c. Equipment fo r  collection of gas samples. 

Absorption Cevices: standard or mLdget impinger, f r i t t ed  glass 
bubbler, othertypes of bubblers. 

!i?=mperature control baths; condensers, and fkeeze-out traps. 

Adsorption &vices: activated carbon, s i l i ca  gel, alumina, eta, 

d, Meters for volum flow or flow ra te  measurements: calibrated 
orifice; c r i t i ca l  orifice, rotameter, wet and dry gas meters. 

e. Pumps or ejectors. 

3, Jsokirietic Sampling for  Particulate Matter 

a. Errors due t o  non-isoldnetic sampling, 
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b. Watson relation of validity of sample to duct and nozzle flow 
condltions : 

where 

C = concentration measured 

Co 5 true concentration 

Uo = stream velocity 

U P man gas velocity at sampling orifice 

d 3 diameter (mean) of particles 

D = diameter of orifice 

s .. density of particles (specific gravity) 

n 5 viscosity of gas 

c. Methods of attainin@; isokinetic ocmditions, 

n ~ u U "  type nozzle; variation of the flow rate at each sampling 
point to match velocity in nozzle (of constant diameter); uexe of 
series of nozzles of different diameters. 

4, mica1 Calculations 

Summary of Discussions 

m answer to a question about making the stack air velocity measurement 
traverse, Professor Katz said this was done at radial looations along two 
diameters at right angles to each other, as specified in his outline. 
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12. DEPDNSTRA'I?ON OF APPARATUS, ANALYSIS AND CALCULATIONS 

* 
Professor MI Katz 

biH0 Temporary Adviser 

The -analysis of pollutant concentration 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 gives 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 Nmual prepared by the author. 

Asked about a long-term programme of air monitoring following a two- 
year programme of smp1ir.g for 24-hour averages of SO2 and suspended parti- 
oulates at five stations in Teheran, Professor ICatz said that this would be 
useful to verify the adequacy of sampling station siting and to give an 
indication of the major sources of air pollution, He suggested that the 
next step would be to install more sophisticated equipment for measuring 
fluctuations and diurnal variations in contaminant concentration, 

There was considerable discussion about methods of measuring S02. The 
method, Professor Katz said, is not specific for SO2 but it is very use- 

ful in situations where other contaminants to which it is sensitive (NH3, 
oxides of N, HCL, etc.) are known to be absent or are present at least in 
only small amounts. He also discussed several other methods for SO2 measure- 
ment and referred the participants for more details to the recently released 
WHO Manual, on methods of air pollution analysis M c h  was written by him. 

* 
Professor, Dcpartmt- of Civil b@incBrirlg, Syracuse University, S y r a w e ,  
New York, USA 
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The question of physiological effect of acetylene on fnunans was raised. 
Professor Lawther answered this for Professor Katz, noting it is a good 
anaesthetic butthat 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 waa much less toxic than ethylene on vegetation. 

Gas chromatography plus flame ion detection for hydrocarbons and other 
gases appears to be suited to cases of mixed gases, Carbon dioxide and 
carbon mrnoxi.de can be measured by infra-red absorption, while ultra-violet 
absorption may be used for oxides of nitrogen. 



13. USE OF THE RINGELMANN CHAIW AND TRAINING OF PWSONNEL 
ON n s m  PLUME OBSmATIm 

* 
Dr. H.C. Wohlers 

WHO Temporary Adviser 

The Ringelmann Smoke Chart, devised by Professor Maximiltan RingelmaM 
of Paris in 189, is one of the most useful air pollution control devices 
and hence perhaps the mst maligned of the air pollution cdntrol laws. 

The Rin@;ellllann C h a r t  is a series of six cards ranging in number from 
0 to 5; card 0 is all white and card 5 is all black. Cards 1 through 4 
contain lines spaced at different intervals to give a greater appearance 
of daskness 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 aard number is an Meation of 
$he smoke enrlssion. Air pollution regulations normally require tlst the 
Ringelmann number should not exceed 2 or 3 for specified time periods ranging 
from two to six minutes a day. There is a recent trend in the United States 
to reduce the Ringelmann number from 2 or 3 to as low as 0 to 1. 

The Ringelmam Chart is based upon a relationship between plum 
obscuration and optical denslty. There is a relationship between the 
percent light absorbed and the dust content of a stack, At a light 
absorption of &I$ (Ringelman number 3) in a plum from a six-inch stack, 
the fiust approximates 102 grains per cubic foot; tNs relationship will 
vary from stack to stack.and is dependant upon the constancy of particle 
size a?@. type within, the stack, 

paddition to the Ringelmam Chart which is speaific for black smoke, 
an added advantage accrues .if the term, "~quivalent Ringelmannu, is used in 
air polluti:k regulations. - The Equivalent Ringelmann is the pl- opacity 
which obscures an observer's view to a degree equal to or greater than that 
of a ntL~bPr on the Ringelmann Chart. The distinct- advantage of the I3quiva;Lent 
Ringelmam (equivalent opacity) is that it becomes possible to look at and 
evaluate not only black smoke but smoke of any colour. 

* 
Professor of Bwironmental Science, Department of Ebvirmntal mineering 
and Science, Drexel Institute of Technology, Philadelphia 
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In using the Ringelm Chart the individual should stand w i t h  his 
back to the sun and observe the plume at right angles to the stack plume 
w i t h  little or no cloud cover. Plume o~aity is read at the point of 
stack discharge, 

Many questions are raised concerning the use of the Birtge;Emern.f!het% or 
the Equivalent Fibgelmnn which cannot be fully and completely technically 
resolved, Scientists object to the use of the Ringelmam Chart because It 
is a test made by vision and not by mechanical apparatus. Ln spite of all 
the objections, a trained inspector can read equivalent opacity to a one- 
quarter of a Ringelnrann number. Consequently an inspector can travel over 
a large area by automobile and when he sees and detemnes an Equivalent 
Ringelm nLmber which does not satisfy the regulation, he can take iwoediate 
action agsinst the offender* 

It is possible to either purchase or construct a unit which will emit 
black or wkite smoke at various Ringelmann numbers so that inspectors may 
be trained in the reading of Ringelm numbers or equivalent opacity. The 
grey or black unit is similar to a forced-air or fire m a c e ;  by varying 
the fuel pressure to the burner excessive oil is burnt and smoke is produced. 
The white smoke is generated by feeding diesel oil through a small spiral- 
tube into an air stream. During the calibration procedure, the men are 
trained against a Ringelm C h a r t  for both white and black smoke, Light 
meters inside the stack are then calibrated against the group observations. 
Finally the group is retrained against the light meters., 

S u m  of Discussions 

Professor Lawther commented on interfering effects of reflectance in 
using Ringelman Charts with the sun behind the observer. He was also 
critical of therepa&:-31y accepted practice in the United States whereby 
industrial firrs with stacks emitting plumes containing only condensed 
water vapour, but which give an unfavourable equivalent Ringelmann Chart 
result (i.e. one Mgher than the legal maximurn Ringelmann number for parti- 
oulate-containing plumes), were assumed in violation of the associated 
regulation on partlcle emission load untFl they proved otherwise. This he 
said was against a cardinal principle of mlish law that a man fs innocent 
until proven guilty. m a  Wohlers commented that the emitter was in violation 
of the law but that situations involving only obvious water vapour discharges, 
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such as cooling towers, were not nor i~a l ly  cited. He also noted that wet 
plume observations were made around midday condensed water vapour plumes 
were short lived due to low humidity. In reply to this, Professor Lawtber 
noted that in London humidity was frequently high throughout the day and he 
also observed that in m y  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 
Ringelm Chart was a most unsatisfactory device. Dr. Wohlers said that 
in spite of the apparent.defects of Ringelmum Charts,. it was possible to 
train observers to accurately assess control plumes to within one-quarter 
of the correct Ringelm number. He also noted that a straight line 
relationship was obtained between light obscuration and ,the calculated and 
measured grain loading of plumes. 



14. CONDilTCTING ODOUR SUKVEYS W THE FIELD 
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by 

* 
Dr. H.C. Wohlers 

WHO Temporary Adviser 

Although the perception of odorous contatidnants cannot be precisely 
described, certain basis fac ts  about human olfaction are known. W i t h  
known facts  or principles, it is possible t o  investigate odour complaints 
for air pollution control purposes, 

Wour remains, however, a very intangible commodity. Odorous conta- 
minant investigations must be related t o  the individual problem or locality. 
A i r  pollution control is one major reason for odorous contaminant measure- 
ment. The odour purposes may result  from a nuisance complaint, a violation 
of an ordinance or a desire of an  offender t o  determine the severtty of the 
a i r  pollution problem so that corrective steps may be taken. 

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

To gather data necessary t o  correct an cdour contaminant problem, one 
needs t o  know the extent and intensity of the odour downw5nd of the source 
fo r  different meteorological conditions a s  well as  pertinent process inform- 
ation within the plant. 

Ordinarily as air is breathed in ,  it passes through the lower par t  of 
the nose, through the throat to the lungs. In normal breathing, the main 
a i r  stream passes through the nose without passing over the olfactory 
receptor surfaces which are high up i n  the nasal passages. A s  the air 
stream passes through the nose, eddies are formed and some of these pass 
over the olfactory receptors creat iw the sensation of odour. If  an d o u r  
is pleasant, the imediate reaction is t o  sni f f ,  waylaying a larger portion 
of the air stream and increasing the intensity of the odour sensation. 

- * 
Professor of Environmental Science, Department of Environmental Engineering: 
and Science, W x e l  Inst i tute of Technology, Philadelphia 
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No present instrument for chemical analysis can completely replace 
the function of the nose. Factors regarding the nature of odorous effects 
on 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 unrecognizable, (c) the 
constant intensity of odours causes an individual to quickly lose the 
awareness of the sensation, and (d) the like and dislike for an odour often 
depends on an individual's association of the scent with pleasant or un- 
pleasant experiences. 

Mary authors have attempted to classif'y 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 - 
spicy, 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; canriery waste odour may be descri- 
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 
olfactory threshold or the minim identifiable odour. As the concentra- 
tion of the odorous contaminant increases, the intensity-tends to inorease. 
Odour strength or intensity does not follow a one-to-one relationship w i t h  
concentration. When the concentration of an odour contaminant is doubled, 
the odour intensity is not doubled; a tenfold increase in concentration is 
usually necessary 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 n odour 
intensity, k P constmt, S = odour concentration. This relationship stipu- 
lates that the stimulus (concentration) must increase logarithndcallg! for 
the sensation (intensity) to increase arithmetically. For odoro& oonta- 
minant measurements, the odour intensity can be considered as independent of 
ambient temperature and humidity. Odour intensity measurements should be 
made subjectively according to a grading system from zero (no odour) 'to four 
(strong odour) . 



Field rneasumiwnts of odorous contaninants my be [rude by walking or 
driving through a specifio area. Short sn i f fs  of the a i r  =e taken to  
insure tha t  t t e  cdom ~eaches  the olfactory epitkeliutn t o  minimize the 
distance tr%velh?r: betrvecn od.3:~r eval~at iuns  , WLcneTVPer a different d o u r  
i s  noted which i s  nut Iiri~i~Tia-lely tra9ea5le t o  k ~ s m  cozditions (odour 
exhaust, road t a r ,  l)m:.rg of wooci, etc,)  the car is  stopped, the engine 
is turned cff i';r,il cbtt.cr;?-ts m3de to  $.etect the odo'xr away from the road, 
A t  each Icsati.cn, where an odour is noted, the odour intensity and type 
are rrarked on a ni.?~ Upon the completion of an o d v x  survey the map is 
examined t o  detez:z:='lr_e i f  the odour m.5 intensity measul-ernents can point t o  
the odnur s ~ d r c - - . ~  

A t  times t!:e pvblj-c Kay be asked t o  ass i s t  i n  octa~r s m e y s ,  The 
public co7A.d 5e a.s:rod, for  example, t o  obse~>ve the type anti inkensity of 
odours t hmo  tires 6aily .-- before breWas5,  whon ar?.i?exg horne from work, 
and beforc gciw io  be3, 

In uncie?tak?ng az o h r  survey one or;s.t be cc&i~;i?l'r:pdlr. of' xrsther para- 
meter~~ Wind ~ 0 2 d i t i 0 t I S  can be estivated from the movezni; of t rees and 
the blowkg of dust; mre  precise data w~uld  be aVStila?;.le from a weather 
station. 

The need t o  proceed in odour testing f ~ o m  dilute ci?r&tions to higher 
concentrations, rather than t5e reverse, was emphasized frzin 2ne floor. 
Dr. Wohlers agrsed and mted  that  this is relatee t o  the phenommon of "odour 
fatigue" i n  which the sensi t ivi ty of smel-1 i s  2ul::ed by continued exposure 
t o  odours, Elabcmting fur+;her, he said tha t  personnel involved direct ly 
in odour testing shou2-d refrain from eating md smoking for a t  l eas t  one 
half hour prior t o  begiz.i.Llle: a t e s t ;  i n  the case of certain foods, such as  
onions, a consic?erz+bly lorzer period is necessary. Dr. Wohlers noted that 
there is conflicting cjpinion morg e x z r t s  on the effects of temperature 
and humidity on the scnse of sxel l ;  it appeared, tha t  the snelling sensi t ivi ty 
of most persons is opi;imm a t  ambient a i r  texperaturcs close t o  tha t  of the - m e  

The problem of eliminating odours was raised, and Drc  Wohlers said that 
this codd  best be acccmplished by prev~-ntira adow---ca7.:sing substances from 
being emitted using high temperatwe combustion, catalykic oxidation, or  



sorption; Objectionable odours in confined spaces may be counteracted or 
masked with more acceptable odours, In particularly odoriferous industries, 
such as tanneries, fish-rendering plants, and slaughter-houses, he said that 
buildings might be enclosed, gas discharge volumes reduced to a minimum 
through optimal space utilization and operation, and final emissions oxidized 
in catalytic units or by use of chlorine in the scrubbing ryater  spray. In 
feed lots the spreading of potassium permanganate has sometimes been effective, 

Asked whether the "odour-trianglen field technique described earlier by 
him is intended more for use in evaluating public complaints ra ther  than for 
quantitative use in establishing dispersion patterns, Dr. Wohlers said it is 
valuable for both purposes when properly trained personnel are used, As a 
tool for evaluating odour emission intensity in terms of threshold odour 
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 temperahre-pressure conditions must also be horn). 

professor Katz comnented that in his experience the field methods of 
odow'testing described by Dr. Wohlers are very usehl around oil refimrles 
and paper pulp mills. Public participation in the testing prom-, he 
said, is useful for detectiw changes in odour conditions which wry relate 
to plant process upsets and for'helping management spot trouble areas. 



15. IGPBOlX A OF M E A S W S  FOR 3PM:IFIC POLLUTAKE3 
IN AMBTENT Am 

* 
Professor P.J. Lawther 

WHO Temporary Adviser 

Standard methods for the measurements of specific pollutants are 
already described in m y  books and, especially, reference should be made 
to "~easwements of Air Pollutants - Guide to the Selection of ~ethcds" 
(World Health Organization, Geneva, 1969) by Professor Katz and the 
articles of Dr. J* McK. Ellison, In the short talk given a few new 
methods and modifications of standard methods for specific use in medical 
research were described. 

The standard "D.S~I-R. ~olumetric~' apparatus is of great value for 
measwin@; pollution in terms of smoke (total suspended matter) and milplnu. 
dioxide, The "smoke" concentration is measured by assessing reflectance 
or transmittance of the stain produced on a filter paper by the smoke 
colleoted and reference to a calibration curve enables one to express the 
results' in tern of weight per unit volunre of air. The need for frequent 
recalibration was stressed since the optical properties of smoke differ in 
themselves and with time. Likewise, it was pointed out that titration of 
the acid solution through which the filtered gases are passed gives an 
accurate assessment of SO2 if this is 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 m y  be 
examined by the light microscope or electron microscope to determine their 
physical nature; also by treating the slides on which the particles ase 
impacted with reagents, including pH indicators, knowledge of chemical 
nature of some particles nay be gained. Examination of particles by means 
of phase contrast microscopy has been useful. 

* 
Director, Air Pollution Research Unit, Professor of Environmental 
Medicine, S t c  Bartholomew's HospiW , Medical College, Landon 
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The use of the thermal precipitator has enabled particles of all size 
ranges to be collected with great efficiency and this method is especially 
suited for examination of the particles under the electron microscope. As 
in the case of the impregnation of cascade impactor slides with different 
reagents, so electron ndcroscopic 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 demonstration 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 stationary 
samples to human exposure was discussed and the value of the use of masks 
with 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 polycyclic 
hydrocarbons. Certain difficulties in sampling these compounds were dis- 
cussed; they may be underestimated if it is not realized that samples mag 
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 
t o ' h w  health was discussed. The a m m t  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 a& useful to give an idea 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 satrples of 
only 0.01 ml blood obtained from pricking the finger. 

Similarly, determination of lead in blood and urine of exposed people 
is of mch greater value than determination of air-borne lead. 

It is emphasized that the talk was concemdiwith merely a selection of 
methods and pollutants to illustrate principles involved and pitfalls to 
avoid. 

Sumnary of Discussions - 
Professor Katz asked about the efficiency of retention of slrall sub- 

micron size palrticlee in the lungs anrl referred to the work of Frofessor 
Hatch and others which indicated that below a certain size retention de- 



creased. Professor Lawther agreed that this may happsx. He hesitated 
to put emphasis on this, however, because the vast variety of aggregate 
types and shapes and the differences in their hygroscopic properties d e  
the problem most complex. He noted also that this problem of retention 
involved not only the alveoli but also the terminal bronchioles, 

Asked whether oil 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 3-4 benzopyrene 
was recovered from asbestos fibres. In his own laboratory, he said, a 
colleague obtained a carotene-like compound in the oil 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 
said there was still considerable question about the biological significance 
of oil in asbestos and cautioned that it may not besatisfactory to collect 
samples for this type of biological work in plastic containers. 

Asked which is the most practical method to use for sampling, Professor 
Lmfther said this depended on the purpose for which the sample is +aken. 
Thus, the DoScI.R+ 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 suitable 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 - 
ly some of the medical aspects of interaction between macrophages and fine 
particles in l w  alveoli. 

professor Lawther presented some slides showing stack plumes of maderate 
height ejecting-plu-es at sufficiently high velocity as to cause the plums 
to rise above the inversion layer ceiling. Dr. Wohlers and Professor Katz 
felt that such ceiling heights and wXnd kinetics were too variable to permit 
stack design to be based solely on jet lofting and penetration of cloud cover. 
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16. EQUIPMENT AND I@!J!HODS FDR CONTROL OF' POWTANT EMTSSIONS 
(CITY FLANNlMG AS A MGllIlOD OF CONTROL) 

* 
Dr. H.C. Wohlers 

I.310 Temporary Adviser 

Iv'lany times, we are prompted to believe that new techniques must be 
devised for the control of air pollutant emissions. one examines the 
history of the development of air pollution control equipment, 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, 
Electrostatic precipitators were successfully demonstrated in 197. Since 
then, tremendous improvcinents have taken place in the hardware (metals, 
fabrics, motors, etc.) but no new technological breakthrough has been dis- 
covered* 

The selection of the proper collector for a specific purpose should 
be made with great care, Unlesd great care is taken in the choice and 
selection of a collector, the equipment will not perform as desired. In 
Figure 6 are listed a number of factors which should be carenilly considered 
before a collector for a specific process is designated, Among the-factors 
to be considered should be the particle characteristics - what is the size, 
shape, density, corrosiveness., etc, of ,the,particles. One mmt evaluate 
the carrier gas characteristics as .to-,-temperature, pressure, humidity, eta. 
operational and constructioral factors must also be considered along w i t h .  
process and economic fectors. 

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

- * 
Professor of Enviromntal Science, Department of Environmntal Engineering 
and Science, Drexel Institute of Technology, Philadelphia 
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The- cyclone is &useful a o W a r  for partides greater than 
5 microns 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 
micron in diameter; simple scrubbers are used for particles 10 to 25 
microns in diameter. The electrostatic precipitator depends upon the 
attraction of a charged particle to a charged plate of theopposite 'charge, 
The device is very efficient for particles 1 to 10 microns. m e  bag 
filter removes particulate mtter by filtration through cloth; the bag 
filter, like the electrostatic precipitator, removes particles 1 to 10 
microns, Trtble 5 lists operation characteristics of particular control 
devices as well as economic data, Figure 7 graphs the comparative cost 
of dust collection versus efficiency for various collectors, 

The cost of control equipment mst be considered in relationship to 
the cost of the basic equipment. Generally, the oost of air pollution 
control equipment approximates !j$ of the capital cost of the process equip- 
ment, At other tims, the cost of the control equipment can be equal to 
or greater than the cost of the basic equipment, When the oost of the 
control equipment is equal 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, 
adsorptibn, absorption and process modification. The control methods for 
gaseous pollutants are shown in Figure 8. The combustion control process 
usually involves the additioli 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 gas through a catalytic unit reducing-the 
amount of excess fuel. Adsorption devices contain activated carbon, 
moPecular sieve, activated alumina, and lithium chloride. Absorption of 
gases depends upon the solubility of the gas in water or chemical solutions. 
Process modification may involve a fuel switch from coal to oil gas - from 
the dirtiest to the cleanest type fuel. The use of atondc energy for the 
production of electric power is another example of a process modification 
which may be used to reduce pollutants emitted into the atmosphere. 
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Figure 7 

Approximate Cost of Dust Collection 
by Means of Various Collectors 
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Figure 8 -- 
Control Methads for Gaseous Pollutants 
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Much emphasis has been given recently to the removal of sulphur dioxide 
from process gases. A large n w h r  of processes have been investigated but 
as yet no process is universally accepted. figure 9 shows the comparative 
cost of sulphur dioxide removal processes, All of the processes except one 
impose an additional cost to the product produced. Only the Wellman-Lord 
process indicates, at this time, a reduced cost for the product produced. 
Unfortunately details concerning the Wellman-Lord process are unavailable. 

FigurQ 
Comparative Costs of Sul~hur Dioxide Remod Processes 
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Plannine; and zoning in air pollution control are used to locate 
industrial areas so as to preserve air quality of the community as a whole, 
and to physically separate mjor polluting areas and residential areas to 
protect the latter from the fomr. Planning and zoning for air pollution 
purposes is usually a difficult task as most urban areas have been fully 
developed before the concept of planning and zoning for air pollution 
purposes was considered. 

One should consider urban planning for air 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 building, 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 ndxed commercial areas so that pollution from comrcial premises will 
not adversely affect residential buildings* 

Questions on the pressure differential term appearing in a number of 
fomlae for control equipment efficiencies were raised, Professor Kat2, 
amwering for Dr. Wohlers, replied that pressure differentia costs money 
and, in so far as practised, it should be kept to a rrdninnamr The efficiency 
fomul,ae he said, usua3.ly reuted to weight removal and not particle.n&er 
removal efficiency. It is most Important to bear this in ndnd since weight 
varies as the cube of the diameter, so that for a given efficiency, dis- 
pmp&tionately fewer numbers of larger-particles are remved than is the 
case for smaller sizes, Very few equipment mnufacturers give expected 
number removal efficimcy ratings. Professor Katz also noted that stack 
velocity measurements m y  be rnade at any convenient place along the otaalr 
length as long as thls was away from the breach effects. 

There was considerable discussion about city planning as a factor in 
amelioration of the effects of air pollution. A nurrber of cases were 
cited where planned location of industrial areas at considerable distances 
from residential areas was counteracted by the gradual encroachment of 
dwellers into the separating zones. As these encroachments eventually 
engulf the industrial area, air pollution complaints arise. In addition, 
de-s for sanitary and other municipal services also arise in these 
unintentially built-up areas. Establishment of planned "green beltsn 
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between industrial areas and other "usen areas should be part of any c i ty  
planning schenie, Dr. Wohlers said, and effective legislation and enforce- 
ment t o  keep these protective bel ts  from being encroached upon should be 
established, Planning should be fo r  f i f t y  t o  s ix ty  years ahead, it was 
said. 

Dr. Mtschl commented on the question of incineration versus sanitarg 
landf i l l s  fo r  refuse disposal, and said it was necessary t o  look a t  this 
in relation t o  the overall problem of public health and not only as  an air 
pollution control measure. Thus, anaerobic decomposition and rodent 
problems i n  sanitary landf i l l s ,  the relation la various c o d c a b l e  
diseases, and the need for  land f o r  multiple prncposes mst be considered 
as well, and he suggested that some sor t  of benefit-cost index for  th is .  
overall concept might be used. Dr. Wohlers noted tha t  there should. be no 
rodent problems i n  a properly operated l&ll , 'but  he could make no state- 
ments regarding insect vectors. 
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17. C O M > U m  AN AIR POTJXTANT W S I O N  l3MWKRY 

~ r .  H.C. ~omers* 
WHO Temporary Adviser 

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

The uses of an emission inventory are m y  and varied. The emission 
inventory locates the sources of emissions by geographical areas and deter- 
mines the weight emissions. The results of an emission inventory may be 
used for a msthemtical diffusion model of the city, for air sampling pur- 
poses, for regulation purposes as well as for determMng the progress of 
a control agency with time. The emission inventory is also used for edu- 
cation of the public and training of both industrial and governmental agency 
personnel, It is considered that the emission inventory is one of the most 
valuable tools of an air pollution control agency, 

m e  precision of an emission inventory is always a mtter of great 
importance. It is believed that if an endssion inventory is well prepared, 
it is possible to be precise to within 2&. Data showing the precision of 
different types of emission inventories are shown in Table 6. The first 
and third columns in Table 6 were completed by two different groups for the 
Philadelphia area, the middle column m s  independently based on an evaluation 
of pollutant emissions on a population basis. 

* 
Professor of ~vironmntal Science, Department of avironmental Engineering 
and Science, Drexel Institute of !Pechnology, Philadelphia 
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Table 6 
-.--- 

Comparison of- Air Pollutant Emissions for Philadelphia 
Prepared by Mfferent Individuals and Methods 

Pollutant 

.--.-P, 

Sulphur oxides 

Nitrogen oxides 

Organl c compounds 

Carbon monoxide 

Particulate matter 

Tons emitted per day . -- --- --rl ------.--I- 

The conduction of an emission inventory depends upon a knowledge of 
fuels used, number of automobiles, and number, size and type of Mustry 
within an area. Once the basic data has been obtained, errdssion factors 
are available to determine pollutant emissions based on the fuels, auto- 
mobiles, types and sizes of industries. Pamphlets are available from the 
National Air Pollution Control Administration showing both the stepwise 
procedure for undertaking an emission inventory as well as the factors to 
be used in the conduction of an emlssion inventory. Reference should be 
made to these publications for f'urther details. 

RCED 

A find note may be made that emission inventories can be used for air 
pollution enforcement purposes as well as for the determination of the weight 
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. 

Population 
Basis 

Philadelphia 
Health 

Department 
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Swnmary of Discussions ---. .--.--- 

The importance of educating management 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 amounts of pollutants and dis- 
persion patterns. Dr. Wohlers said the results seem to be within an 
order of mgnitude of actual conditions. 
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18, C R I m  OF EVALUATION OF AMBLENT A I R  QUALITY RELATED 
TO HEALTH AND WELFARE (RESEARCH NEEDED) 

* 
Professor P. J. Lawther 
WHO Temporary Adviser 

This topic was also i l lus t ra ted  w i t h  slides, The followxng points 
were discussed and elaborated upon. Everyone would prefer to breathe un- 
polluted air but i n  the.absence of a sensible.definition o f  clean air and 
because so many of .man's ac t iv i t ies  (such as breathing) produce pollutants 
one must s t r ive  t o  determine what is tolerable and a t  the same time s t r ive  
t o  abate pollution, A cotllrmn mistake, which can have disastrous consequen- 
ces, is t o  regard a i r  quality i n  isolation from economic factors and other 
social and medical evils. 

For m y  years limits have been Set fo r  the pollution of the air i n  
working environments. DI some cases where the pollutant has an easi ly 
demonstrable effect  the task has been easy; i n  bthers "maximum allowable 
concentratrlons" are what Drinker called "guestimatesw . Wlt even in the 
more di f f i cu l t  industrial situations the problem of air quality is simple in 
comparison with the problems posed by the effects of d i r ty  air on general 
populations, which contain not only healthy workmen but the very young, the 
very old and the sick and feeble. Again, climatic factors may result i n  
relat ively infrequent flmiga.tions i n  which concentrations of pollutants may 
increase t o  twentyfold the "normaln value, 

It must be realized that t o  afford complete protection all the time, 
f o r  every person, may well be fmpossible in some societies; the  abatement 
of air pollution and research on Its effects must be seen i n  cool perspective 
and given appropriate priority. 

A i r  pollution i s  complex; Its effects  are as  yet l i t t l e  undemtood; 
the especially ~ i n g r e d i e ~ h a v e  not yet been Identified with certainty, 

Y 
Director, MRC A i r  Pollution Research U n i t ,  Professor of Ehvironmental 
Medicine, St. Bartholornewts Hospital, Medical College, London 
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Many other factors such as changing social conditions, improvements in 
therapy, and most important of all, the harmful effects of tobacco smoke, all 
tend to obscure the picture and make the interpretation of results and trends 
more difficult, if not extremely impossible, 

Summary of Mscussions 

m, Fritschi recounted difficulties he hadha8 in ge-bting opM\~n-se 
f r o m  the public anr: he asked Professor Lamer about his approach. Professor 
Lawther said it was impoPtant not to be too ambitious, but to limit any query 
asking for written reply from the public to question. 

Concerning the physiologicaf response to CO uptake and its dependence 
on such factors as time of exposure and concurrent C02 intake, Professor 
Lawther said this also depends on pulmonary ventilation capacity, 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 comnonly imbibed substances 
in order to evaluate better the effects of CO on the h m m  system. 

Asked whether ft wauld be desirable to standardize methods of research 
to make it easier 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 journals being published today. He discussed at 
some length the problem and importance of devising non-biased testing proce- 
dures and of incorparating double blind controls and random input of test 
factors in experiments requiring evaluation response from test subjects. 

Professor Lawther also discussed some of the known physiological effect& 
of CO poisoning, particularly the Irreversible chronic after-effects of non- 
lethal doses. 
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19. AN OUTLINE QF WHO ACTlVITY IN THE 
FIELD OF AIR POILUTION 

9 
R. Pavanello 

WHO activity in the field of air pollution started in 1955 when the 
WHO Regional. Committee for Europe recognized it asa swims problem and 
concluded that a combined effort by the countries of Europe was required 
for its solution. The recommendations of that Committee led to -the Con- 
ference on Public Health Aspects of Air Pollution convened by WHO in Milan 
in November 1957. Ikenty-one European countries participated in this first 
meeting of its kind in Europe. Observers also attended from the United 
States, the European Coal and Steel Cormmmity and the Organization for 
European Economic Cooperation. The Conference considered the sanitary 
engineering problems involved in the prevention of air pollution as well 
as 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 serious and difficult 
problem in their countries, and one that was rapidly getting worse, Although 
lack of conclusive proof of a direct relatiorship between air pollution cind 
deleterious effects on human honlth a?d ri~11-bcin~: m s  cnmXderod a serious 
handicap to effective action, the Conference was satisfied that there was 
sufficient information available to press for imdiate control measures. 

Imdiately following the Milan Conference, the first meeting of an 
Expert Committee devoted to air pollution was convened in Geneva in 
November 1957. Thus, states the report of this meeting, World Health 
Organization recognizing its responsibility in the matter of air pollution 
as a threat to the health and well-being of peoples throughout the world, 
took its 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 people". 

-em-- -- * 
Chief, Environmental Pollution Unit, WHG ::-.?didquarters , Geneva 
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The Expert Committee discussed the nature and causes of the problem, 
methods for measuring pollutants in the ambient air, the effects of air 
pollution and the need for prevention 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 
huma.n health. 

That m e r t  Cormittee made mny specific recommendations relative to 
(1) standardization, (2) research, (3) collection and dissemination of 
information, (4) administration and legislation, (5) training, (6) education 
of the public, and (7) publication of a monograph, The last recommendation 
led to the publication in 1961 of WHO Monograph ~0.46, entitled n ~ i r  Pollution", 
a 432-page refelience consisting of fourteen chapters, contributed by experts 
from seven countries, 1 

In 1959., the WHO Regional Office for Europe started a study to determine 
methods for relating non-specific disease states w i t h  air pollution, From 
this it became clear that there was a widespread but rather unco-ordinated 
interest in the epidemiology of air pollution, and some preliminary con- 
clusions were drawn from an international symposium held at Copenhagen in 
December 1%. 

The Eighth m p e a n  Seminar for Sanitary Engineers was also entirely 
devoted to the subjeot of air pollution. This meeting, which took place 
at Brussels in October 1962, provided a fornun for the exchange of information 
on technical and administrative 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 maincair pollution problems in mmpe and their causes, 
reviewed programmes and control measures enforced in European countries, 
~thcdology for syrveys arsd pollutant measurement procedures, and legislative 
and administrative control measures, 

Activities since 1963 - 
!Che lack of general agreement on fundamental principles on which to 

base maxirmun permissible air pollution levels was discussed at another 
meeting which also dealt with the rationale for air quality criteria, 

-.. 
Publications in this series appear in English and French, md occasio~ly 
also in Russian and Spanish, 



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 
criteria, Though no guide or criterion was formulated, certain important 
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 k d  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. ?&Is Committee reviewed the report of the afore-mentioned meeting 
on air quality criteria and guides, endorsed its general approach to the. 
subject and, in particular, the principles and definitions of criteria and 
guides to air quality, ire. 

Criteria for guides to air 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 w i t h  specific effects of varying degrees of air 
Pollution on man, anlmals, vegetation and on the enviro&t in gene-. 

The Committee felt that internationally agreed guides to air quality 
were desirable and should be set up as soon as feasible. It stressed that 
pollution of the air by biologically harmll  substances resulthg frcm &'s 
activities should be avoided to the maximum extent possible. Concerning 
emission standards, the Committee states that "international standardization 
of emissions of pollutants is virtually unattainable and the prescription of 
such stmdards must be left to the discretion of individual governments or 
local administrative authorities". 

In reviewing progress made in air pollution control, the CormLittee 
noted that a number of countries had in the 1st few years passed new legis- 
lation, that technical means for control had advanced, that methods for 
monitoring atmospheri c pollutants, especially stack emissions , had Improved, 
that heating installations in urban districts were being operated niore 
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. 



m / 1 4 4  
page 114 

The Comnittee noted the need for controlling automobile and diesel 
exhaust gases as well as the pollution caused by the combustion of coal. 
1% was recognized that international collaboration was desirable for the 
resolution of air pollution problem associated with motor vehicles, the 
elimination of sulphur dioxlde from flue gases, and meteorological condi- 
tions, to investigate the loss of working hours from ill-health caused by 
air pollution, to elaborate methods for treating or burning coal in develop- 
ing countries and to disseminate info&tion on air pollution control. 

Ple Cotmnittee rnade specific reconanendations on research, on research 
co-ordination, co-operative studies on the epidemiological effects of air 
pollution and commended the WHO practice of awarding fellowsNps for iabo- 
ratory arnd field work. Further study was recommended on internationaUy 
acceptable guides for air quality, and it was proposed that a glossary of 
terms used in air pollution control work be prepared. 

many recommendations of this Comittee led among other things to a 
series of scientific group meetings and, although these scientific groups 
discussed various facets of environmental pollution, air pollution received 
oonsiderable 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 accumulation 
and storage of pollutants; the delayed or insidious effects of relatively 
high concentrations of pollubts, the contributory or accelerating role of 
pollutants in the development of chronic diseases, in aging and life- 
shortening; the irreversible, prolonged or repeated impairment in important 
body flmctions; changes produced in immunology or other body defences, and 
in the transmissible genetic material of the body. The long-tern effects 
of air pollutants inhaled into the respiratory system received special 
attention, the most important long-term effect being the presumed correlation 
between pollution and chronic non-specific lung disease, 

The principal purposes of air pollution measurement were defined: to 
make a preliminary 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 contml measures, to guide economic 
planning and development, Measurements were also vital for the development 
of air quality criteria and guides. 

In reviewing analytical 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 manpower and the 
resulting improved specificity and sensitivity in measurements might justify 
the high cost of certain new equipment. In this connection,WH0 was recom- 
mended to publish monographs presenting reliable methods for the measurement 
of individual pollutants thought to be important for public health. Such 
monographs are now in preparation, while a guide to the selection of methods 
for measuring air pollutants (the first draft of which was presented to one 
of the scientific groups) is now in press. 

Bearing in mind the recommendations of the 1963 Ezpert Connnittee and 
of the various scientific groups concerning motor vehicle exhausts, a report 
on the public health aspects of air pollution from diesel vehicles was pub 
lished in 1967, This dealt w i t h  fhels and their combustion products, the 
effects of incomplete combustion, the differences between petrol and diesel 
engines; it compared petrol and diesel engines as regards their air-polluting 
tendencies, and explained the health implications of diesel 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 pollutants, their health effects, their effects on the 
environment, and guides to air quality, as well as control methods and their 
efficiency. 

Training in techniques to combat special health problems h s  always 
been a tenet of the Organization's programme. Air pollution control is no 
exception. A recent example of a group-training activity was the Inter 
Regional Seminar on Air Pollution Control, convened by WHO in collaboration 
with the Oovernment of the USSR in Moscow and Volgo$rad in 1967. Five WEH) 

Regions were represented at this Seminar which coveredt general and 
organizational problems, meteorological problems in air pollution control, 
criteria and guides to air quality, air pollution.sumreys 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. 

WHO Intermat$onal Reference Centre on fi>rpoJlution 

As part of its research prograrmnc, at the end of 1967 WHO established 
an International Reference Centre on Air Pollution, and a number of regional 
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and national reference centres and collaborating laboratories are now bein@; 
designated to form, together, a world network of institutions. The func- 
tions of the International Reference Centre 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 obtained by the collaborating 
laboratories and national institutions, and advise WHO on new research needs, 
With the assistance of collaborating laboratories and national Institutions, 
it will elaborate methods for identifying and measuring air pollutants and 
organize and co-ordinate inter-laboratory oomparisons on the use of such 
methods. It will train individual specialists and organize international, 
regional and national training courses in air pollution control. 

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

As already mentioned, the Regional Office for Europe began a detailed 
study on the health effects of the problem in 1959; in 1962 the Eighth 
European Seminar for S a n i t a q j  Engineers was devoted entirely to control 
methods and technology, while another European symposium on the health 
effects of air pollution took place in November 1968, which reviewed and 
discussed the trend of air pollution in Europe, methods for sampling and 
assessing the extent of pollution, the health effects and the establishment 
of guides and criteria for ambient air quality standards. 

In the Region of the Americas, work on air pollutim started relatively 
recently. While much valuable research and practical control work has been 
done in the USA, as to constitute a model of its kind, the problem is just 
emerging in Latin America. Thus at a meeting of the Directing Council of 
the pan-American Health Organization in 1965, a resolution was ~ m o u s l y  
approved recomnding 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 monitorin@; 
air pollution in urban areas throughout the Region. ?'his surveillance net- 
work is now in operation, linking ten large cities spread over nine countries. 
In the meantime, some air pollu-t;ion research work had been conducted by the 
Wtitute 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 look into the serious air 
pollution problems that are becoming manifest in the &stern 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 establishmen0 for which kEi0 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 other countries of the Region. 

Technical Assistance to Member C~mnt~e& 

Assistance to individual Member Govemnts is a traditional f'unction 
of WHO and in the field of air pollution the Organization has since 1960 
provided such assistance to a number of countries including: in the 
European Region - to Turkey, Hungary and moslavia; in the Eastern 
Mediterranean Region - to Kuwait, Iran, Cyprus, Lebanon and Israel; in the 
Americas - to Argentina, Brazil and Chile, and in the Western Pacific Region - to Japan and Taiwan. 

Collaboration with Other-Lgencies 

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- 
lution - with the Specialized Agencies and their regional commdssions, with 
other inter-governmental organizations and with a number of non-governmental 
organizations concerned with specific technical aspects of the air pollution 
problem. 

-In 1965 WHO presented a report to ECOSOC on envircnmental pollution - 
a repor% that had been prepared -in co-meration with ILO, UN, FAO, UNESCO, 
WMO and IAEA. 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 
Comittee on Science and Technology and to the 1968 sessions of MMSOC. It 
is to be noted that at these sessions a resolution was unanimously approved 
by the Council calling upon the UN to convene an international conference on 
problems of pollution of the human environment. 

Another cogent instance of WHO collaboration with other UN agencies is 
its work with W, in particular with the working group on atmospheric pol- 
lution and atmospheric chemistry of the WMJ Commission on Atmospheric Sciences; 



EMFSP-4  
page 118 

WHO EMFio 

the first meting of this group, in fact, endorsed the WHO recomended units 
for expressing the results of air pollution measurements. WHO co-sponsored 
w i t h  the WkD the Symposium on Urban Climates and Building Climatology, held 
in Emssels in October 1968, 

WHO, together w i t h  the UN and the FAO, participated in the UNE;SGO 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 air pollution organized by the IAEA, the Economic Connn3ssion 
for Europe, and the Economic Comnlssion 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 planning 
and organizing a European Conference on Air Pollution. 

The International Union of Pure and Applied Chemistry and the Inter- 
national Union of Local Authorities are the non-govemunental organizations 
most directly concerned with air pollution, and IWAC in particular has been 
represented at WHO expert cornittees and scientific groups, WHO is also in 
contact with various international unions and associations (e.g. the Inter- 
national Union of Air Pollution Prevention Associations, the National Society 
for Clean Air of the United Kingdom, and the Afr Pollution Control Associa- 
tion of the USA, etc. ). 

In the course of the next five years, the Environmental Pollution Unit 
will concentrate on the following aspects of its long-term prograrmne: 

i. systematic investigations into and compilation of data on environmental 
pollution 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, r e g i d  and nationdl 
reference centres and ~ollaborating laboratories in environmental pol- 
lution (air pollution, environmental radioactivity, water quality) ; 
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ili. establishment and development of applied research institutes (such as 
the Central Public Healtih Englneecing Research Institute, Nagpur, 
~ndia) in other WHO Regions (pa&icularly ~friia) to serve as centres 
for applied'research and development, as focal points for aperational 
activity or consulting services, for country-wide dissemination of 
technical information on environmental health, and for specialized 
training ; 

iv. esGblishment and development at Headquarters of an information semrice 
on work in enviro&ntal pollution carried out by Qovernments of Member 
States and other national and international organizations. 

More specifically in the field -of air pollution theunit will be 
concerned with: 

a, setting up tentative criteria and guides to air quality; 

b. promothg -and d d M i n e ;  studies into the effects of air pollution on 
human health and the environment, and on epidemiological methods of 
investigation; 

c. preparing guides to the selection of suitable methods of azisessik 
and controlling air pollution, and assisting in applying such methods. 

SumtIElry of Discussions 

Professor Katz commented on the indirect use of experts by international 
organizations and suggested that experts be hired. directly for needed'inforw- 
ti on. 

@bliom-a~hv of WHO Publications on J3nvironmental Pollution (AirL. 
-Water and Radioactive Pollution) Resulting from or Directly Related 

to Environmental Pollution Programmes of Headquarters or Regional Offices 

Environmental Pollution 

Fnvironrnental Pollution: warning by Director-Gened of Wl-IO (1%) WLIO Chron., 
2, 414 
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20. EDESSION STANDARDS THAT MAY BE APPLJiED 
m SOURCES OF P0UUTI:ON 

* 
Dr. H.C. Wohlers 

WHO Temporary Adviser 

The develczpment of emission standards that may be applied to somes 
of pollution is an unnecessarily complicated subject. It is difffcult to 
get scientific personnel to agree on a procedure to be used for the develop- 
ment of emission standards. 

One sequence for the development of standards is given below: 

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

2. Develop air quality goals or the desired level which the cormunity 
believes it can "live with". 

3, Develop air quality standards which m y  be capable of achievement in 
the near future. 

4. From air quality goals develop emission goals necessary to achieve 
desired air quality. 

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

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

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

---- * 
Professor of Environmental Science, Department of Enviromntal mineering 
and Science, Drexel Institute of Technology, 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 considerably simplified if emission standards 
were based upon the m a x i r i m  control possible (stack concentration, process 
weight, and equivalent opacity) using most modern technology. 

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

See page 128. Combined with discussions of Lecture No. '11. 
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21, D-G EMISSION REDUCTIONS TD PEEX 
AIR Q U U T Y  STANDAHDS 

by 
Y 

Dr. H.C. 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 at the same time sustain us and 
our needs. We are not really trying to conquer nature but trying to find 
a form of co-existence; where man's benefits do not stem from nature's 
losses. 

All 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 quality standards. The dilema of this situation 
is presented in H g u r e  10. As far as air quality criteria are concerned, 
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 multiplicity of pollutants in the air, no one is knowledgeable concerning 
the synergistic or antagonostic 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 various 
arguments and then tell the scientist what values should be used as air qua- 
lity standards, 

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

One m t  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 hvironmental Engineer- 
and Science, Drexel Institute of Technology, Philadelphia 
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Buffalo (New York) axea at two specific time periods - 1959 and 1962. In 
both surveys it was clearly discerned that air pollution was not foremost in 
the minds of the people of the area - Juvenile delinquency, communicable 
disease, unemployment, and alcoholism were factors considered more important 
than air pollution. If the public is not entirely behind an air pollution 
control effort, little can be accomplished* 

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

Professor Katz commented that in establishing emission standards there 
has been undue fnfluence from industrial hygiene where MAC values have been 
set on the basis of individual pollutants, In 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 also noted 
that a stack concentration standard does not give an indication of the total 
daily pollutant discharge unless the flow rate is known; emission standards, 
therefore, must 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 experts often disagree w i t h  each 
other; therefore, it may be desirable to set standards well below known 
criteria. Dr. Wohlers said there were three important points to consider 
in any formulation of standards, namely, (1) grain loading per unit volume 
for each pollutant, (2) process weight discharge per day, particularly for 
large plants, and (3) equivalent opacity. 

It 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 legislation and enforcement 
as well as with the effectiveness of voluntary acceptance of controls by 
industry and by the private citizen, It was said that legislation, to be 
effective, needs a receptor and this requires a campaign 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 optimization of fuel type and use as an 
air pollution contro; measure, Professor Katz noted that for power production 



the trend i n  t h i s  respect might be: coal, o i l ,  gas, atomic power. How- 
ever, he said, a developing country a lso  had the problem of developing its 
own natural resources and it might, f o r  example, consider the use of c c d  
resources for industr ial  operations, where contmls are  easier  t o  apply, 
and t o  use gas or o i l  f o r  domestic pUrpOSeSr 



22. PLANNZNG ON AIR POLLUTION MONIlDFUX PROGRAMME 

* 
Professor P.J. Lawther 
WHO Temporary Adviser 

It was stressed that all too frequently programnes 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 critically on the 
reasons for measuring pollution which must be carefully defined. The 
following points were emphasized: almost invariably the proper survey of 
pollution is much more difficult than is at first thought; if 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 
sampled and their method of storage is important; if international compa- 
risons are to be naade, clearance with customs authorities must be arranged 
for transport of samples, and standardization of equipment methods ensured. 

'Ihe 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. A n  example of this type of duplication is 
the measurement of carbon monoxide in streets which will be discussed. Of 
obvious importance is the recolplition of the effects of variation in local 
topography, weather, and population distribution and migration. 

Surmnrry of Discussions 

w c h  attention in the discussion was given to carbon monoxide in auto- 
mobile 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 is not likely to be a hazard for the 
general public. 

* 
Director, MRC Air Pollution Research Unit, Professor of Environmental 
Medicine, St. Eartholomew's Hospital, Medical College, London 



Problems of emission of pollen8 and other organic allergens and 
irritants among cotton workers and in castor bean processing were discussed. 
Professor Lawther 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 sald 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: fCINDS OF ACTIVITIES CARRIED CH BY 
AIR FQLLUTION CONTROL PRCGRAMMES (m) 

Y 
Dr. H.C. Wohlers 

WHO Temporary Adviser 

An organizational chart for a non-existent air pollution agency may be 
used as an indication of the kind of activities carried on by governmental 
air pollution control programnes. The word "non-existent" air pollution 
agency is used because no air pollution agency would be blessed w i t h  the 
nrunber 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 comission or group governs the air pollution 
agency. The head of the air pollution agency is responsible to this 
management. The Hearing or Appeal Board is used to settle initial disputes 
b e t w e e n  the air pollution control agency and supposed violators of air pol- 
lution regulations. The Technical Advisory Cormnittee develops regulations 
and evaluates technical factors involved in air 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 Wlsiness Division is responsible for personnel 
and fiscal problems. 

The Technical Division is 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 Science, Depa-nt of Environmental Engineering 
and Science, Drexel Institute of Technology, Philadelphia 



Figure 11 

Organizational Chart for Non-Existent Air Pollution Agency 

Mayor, Manager, Commission, etc. 
.. 

Hearing or 
& 

Head - APCA -7 
Appeal Board Codttee - 

L - .I J 

Personnel 
Court Cases Fiscal 
Legislature 

) Ewiiness 
Records 

Planning - Zoning Legal < 
Programme Planning VeNcle 
Liaison with other 
Agencies 

1 - I 4 

Technical Engineering Field Service Research Public Information 

Laboratory Permits Patrol Humn Health and mucation 

Air Quality 

Statistics Air Quality 
Special Studies Research 
Regulation Dev. 



WHO m o  

Field Service personnel appear in court ta testify as to air pollution 
violations. The Research Division investigate unknown factors concerning 
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 Mvision should have as its prime objective 
to keep the people informd of the progress of the air pollution control 
agency. Unless the people are aware that the air pollution control 
agency is accomplishing the work it is supposed to do, the air pollution 
agency will have difficulty in obtaining future funds to complete its work. 

No Discussions. 



24. A I R  POLLUTION CONTROL P~XiANbIW AM) 
'IHEIR ~ A L  vALmIrn 

by 
* m. Engelbert W. Fritschi 

Introduction -,--,-. 

The continued search for scientific knowledge ancl the continued 
industrial expansion have resulted in a rapidly advancing and changing 
ehvironment. Nan has the ability and, in most cases, the desire to change 
this environment to suit 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 society. The 
period when man adjusted to his environment is changing to the era in which 
the environment is adjusted to suit man. 

As a result of' these scientific and technological advances, it is taken 
for granted that everyday conveniences are readily at hand in most parts of 
the world. Little or no thoat is given by the average society how t h i s  
high standard of livinghas been developed. It is sufficient for man to 
know that there is a constant search in progress to find new and better 
means for the protection of the society he lives in. Man's present day 
conceptions of modern living are based on the scientific discoveries which 
have resulted in the increased comfort and safety of hwnan life durlng the 
past few generations. 

In his pursuit of an ever higher standard of living man completely over- 
rooked 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 i n a  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 teohnologically advanced society. 

--..--A --.--- --. -- "- * 
bJHO Professor of Sanitary Engineering, Pahlavi University, Shiraz, Iran 
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The fact that air pollution is existing can be demonstrated in every 
community. It is, however, a bit more difficult to demonstrate its mag- 
nitude and extent. Consequently, it is even more difficult to describe 
the ways and means of abating or even controlling air pollution. Even so 
the law is as old as or even older than the pollution problem, the diffi- 
culties in the oontrol of pollution lay more in the interpretation and in 
the acceptance of these laws; the most difficult problem for society seems 
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 legal 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 critical problem. 

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 a certain duration that it will alter its purity and thus adversely 
affect man's well-beine; or his property, This definition, although just 
a single sentence and adapted k r n  the definition of water pollution has a 
wide latitude or application and m y  be used to permit the recognition of 
the pollution, 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-made, 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 w i t h  man for a long time, 
the man-made wllution sources have had the greatest impact on his well-being. 
Of the latter sources, the emission from moving vehicles has, perhaps, focused 
the greatest aittention 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 photochemical reactions and hence are termed secondary sources of 
pollution. 

Pollution may be emitted in a particulate, gaseous, or liquid 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 
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property. In some cases pollutants m y  cause a reduction in visibility 
and thus may result in public traffic hazards. As a consequence, the 
financial loss to the individual and to his cornunity may be of considerable 
magnitude. While man may be willing to accept air pollution as a "nuisance" 
he cannot and he will not tolerate a financial loss. Hence he will seek 
to protect his assets by one or the other means such as: (1) a complaint 
to his political representative at the local, state, or national level, 
(2) seeking am injunction with the local health authorities, and (3) a suit 
may be filed against the owner, claiming damages. Neither of these ways 
seems to be a "reasonable" approach to. alleviate the problem or at least 
to control the source within "reasonable" limits. The action of an individ- 
ual to solve the problems of his society are, in most cases, impeded, for 
he lacks the ability and the power to successfilly solve this difficult 
task. Representatives 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 control of the problem by legal court action 
has been solved satisfactorily in very few instances. This approach has 
generally caused a great deal of frustration, and the loss of time and even 
more money than the amount of damage that was claimed by the plaintiff, 
The plaintiff, being the individual who commences a personal law suit to 
obtain a remedy for an injury to his rights. 

Air P o ~ t ~ o n C ~ n ~  

The aims and objectives of controlling any type of pollution are to 
maintain a "reasonable1' degree of a clean envirorvllent for the benefit of: 

1. Maintaining a high level of public health; 

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

. Protecting private and community properties; 

4. Continuing economic development and growth; 

and thus air pollution is no excepti&. W l e  standards for the measurement 
of pollutions in the fields of water pollution and nutrition have been wide- 
ly aocepted, the methods for the quantitative analysis of air pollutants have 
not had this type of coordination, In addition, the laws and/or regulations 



f o r  the control or  abatei i~nt  of a i r  pollution a re ,  i n  some cases, not a s  
c lear  and specif ic  t o  afford uncontested enforcement. A t  the  present raany 
of these regulations or  laws m y  be read as: 

n ~ n y  person or group of psrsons discharging such amounts of contam- 
inants i n t o  the envLronrr,ent a s  t o  in te r fe re  with the "comfortablen 
enjoyment of l i f e  is  a @:blic nuisance an4 is gui l ty  of mlsdemeanour 
and sha l l  be fined accorc.1. ;ly.It 

Although the above statement pay be a regulation tha t  can be applied t o  any 
type of contaminant, it is evident t h a t  it becomes subject t o  m y  arguments. 
Many court  s u i t s  have been dismissed because nei ther  party could define 
accurately the term "reasonable" i n  order t o  enable a discrete  ru l ing  by 
the courts. The term "comfortable" can only be interpreted o r  defined i n  
accordance with the  standard of l iv ing  of one individual and with h i s  
s t a t e  of mind, Two individuals having the same profession and the same 
income leve l  may d i f f e r  c o ~ ~ l e t e l y  in t h e i r  opinion on what is 'comfortablen. 
I n  view of these human variables,  i n  addltion t o  the many variables that 
a re  brought about by nature, it seems l i k e  an i ~ s s i b l e  task t o  f ind  the 
proper solution t o  any air pollution prograwne so that it may stand before 
any court. 

f i e  A i r  P o l l u t i L  Control Programme 

It i s  evident from the  aforementioned that a sound p r o g r a m  cannot 
be accomplished by an individual of society. But the poblem can and w i l l  
be solved w i t h  the help and c ~ o ~ e r a t i o n  of the various leve ls  of a c o m -  
i t y ,  There are  mmy ways i n  wjnicli the solution t o  this problem can be 
achieved. Figure 2 i l l u s t r a t e s  one route t o  approach t o  a progrmme that 
tends t o  be economicrl es v ; d l  a s  feasible, 

T l ~ e  A i r  Pollution Control Programne should be organized and directed 
by a sc i en t i f i c  a d v i s o ~ y  board coaposed of appointed representatives From 
public and industr ia l  b?~?ch?s of tfle c o ~ t y .  Each of these represen- 
t a t ives  should be a qualified professional i n  his specific f i e l d  having a 
sincere i n t e r e s t  i n  the fur ther  development of his environment. The f i n a l  
goals t o  be achieved are:  (1) t o  improve the present conditions of t he  
environment, (2) t o  control the allowable emission i n  the future, and 
(3) t o  constmct  a i r  pollution laws t h a t  are based on so l id  knowledge. 
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Perhaps the most i r q o r t m t  pa r t  i n  t h i s  venture is  the iqrovement and 
the control of the emission of p o l l u h i t s  R-om the existing industries,  
These industr ies ,  b e i ~ g  i n  operation f o r  m y  years and contributing t o  the 
wealth of the c o n m i t y ,  are  suddenly faced with modifying the i r  emission 
equipment and thus are  bwdened with a fFnancial investment t ha t  does l;ot 
result i n  a d i r ec t  reeovery of t h e i r  investment. In addition, it i s  
d i f f i c u l t ,  i f  no t  impossikle, t o  force the industry t o  modify i ts equiyrsnt, 
The closing of Yne i rdustry would be the worst of the two "evils",  it would 
r e su l t  i n  unemployment end hsnce i n  more financial  l o s s  t o  the society. 

Anothcr very i ~ ~ 2 o ~ t ~ : l . b  factor  i n  t h i s  programme is a sound public 
health education, It is believed i n  some countries, t h a t  the education 
of the public m-d t!ze f2cnsing of th2ir  a t tent ion toward a clean environ- 
ment has had the bent r e t - i t - .  E:~phasis is  placed on the emission of 
pollution from donestic sources such a s  heating systems and t h e  burning of 
garbage on t h e i r  o:+n prsnlses, fn addition, the public should be instructed 
of the s teps  t o  be tzkc:~ by the iildividual i n  case of an emergency due t o  an 
a i r  pollution disss-Ler, Aud.i.o-visc~l aids should demonstrate pollutants 
from a l l  sources f o r  then the i.nCividva!. wodd obtain a basic knowledge i n  
the ident i f ica t io2  of %kc psl lut ion probles. Hence he may be able t o  a id  
i n  the surveillance of coin.. of t113 so7Jrces of a i r  pollution. 

To frame the bnsic fi;ld-:-~l~s of L;ne problem i n  a c o m i t y  and t o  aid 
in the regul.a%icn of t he  fc'3wz1 the legal  aclvisers should be chosen on the 
basis of the mrits of their ecco;~~!.ishrr.enis, These advisers have a very 
d i f f i c u l t  assigm-nt t o  ;.-;-f'crm f o r  tl?zy should (L) define the present 
problem, (2) a id  i n  Lye Le~,?.l deve lo~txnt  of the Tules and regulations fo r  
the zoning of the coinrrmil;;. ?.?-a, and ( 3 )  define and establ ish future  laws 
fo r  the control. ci p011Ut:^.al~ Tn?y az-C, indeed, the centre and core of 
the program3 and thcy bezr a. ~2ea.t par t  of t l x  responsibi l i ty  f o r  the 
successfil  corplcllon of E L I J ~  a v ~ i i ~ e .  

The engim?rs hzve so fir 1-ccc'_ved very l i t t l e  a t tent ion i n  this discu- 
ssion, althoucJ they p~?!t~c!.p;i;o i n  2 number of areas i n  an a i r  pollution 
control prog.i7ai:ae. Sorr.2 cf tl:e n?c';:e importznt functions of the engineers 
a re  t o  (1) d e v e l ~ ~  navi cq~31?rr,on-t cad processes f o r  abating a i r  pollution, 
(2) provide the rcquircd a::nl;t^lnce i n  the f i e l d  operations, and (3 )  a id  and 
par t ic ipate  i n  the bnsic r ecza~ch  piwEraxme, While anyone may be able t o  
develop the equipir.o;lt and processes fo r  abstirig sources of air pollution 
from exis t i% in<ustries, it i s  the job of the engineer t o  do it a t  reas- 
onable costs, Hcncz, t ! ~  engineer is  required t o  demonstrate a broad 
knowledge of the pmtic1:-'.:r pl-oSlem and t o  a l so  demonstrate engineering 
skill i n  the approach of tlie design of the cquiljmcnta I n  addition, a grca'b 
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deal of f lexibi l i ty  is  required when cotmmicating w i t h  +he w e m e n t  of 

the industry. Many times the engineers axe required t o  aid i n  the detec- 
t ion and location of the sources of pollution and, hence, i n  the preparakbn 
of the report, This report serves, i n  many cases, as  the basis for  legal 
aotion and thus rsquires t h e  e-ineers t o  appear as expert witnesses before 
the courts, Ah:, "heir pa~t ic i~pat ion i n  the baslc research programme ena- 
bles them t o  obtain a br~acler lnowledge of the a i r  pollution problem. 

It has been demonstrated that  complaints have been dismissed by the 
courts because of poor comelation of the collected data, Therefore, it 
is evident that the basic research p u p  must solve a number of problems 
of diverse characteristics. Some of the more i m r t a n t  problems that must 
be solved in the near future arer (1) the determination of the effect of 
air pollution on rmq, anirrals , and vegetat:on, (2) the development and the 
modification of anaJima7ytical methods for  the quantitative and qualitative 
identification of pollutants and hence deternine threshold limits, (3) the 
design a d  testing of f i e ld  equipment for   t to ring a i r  pollution, (4) the 
correlation of dist inct  emissicns of -':r polluta-its t o  mteorolo2;ical data, 
and (5) the collection and evaluation and the s ta t i s t i ca l  analyses of the 
data and thus make reccmnendations for  quality standards, 

pnal Bases for the Control of A i r  Pollution 

A review of the previous discussion reveals that  a control prograrame 
of suoh magnitude and diversity can only be solved i f  and when a l l  of the 
remaining questions are satisfied- With an increase i n  scientif ic  and 
technological knowledge it w i l l  be possible to legally i;?fine so* of the 
t e r n  that are so much subject t o  arguments a t  the present. While the 
present ncom~on lawt' m l e s  assure a plaintiff of his rights, be it a 
"private" or "publiz!' nuiaaxxce, the distinc.tions are higk~ly elusive, . and 
i f  not presented i n  the F-i'o2er form of action my result i n  severe coase- 
quences* Hence, %t i s  evident that  the bzsic foundation for  a solid and 
sound a i r  pollution prcmmne must be based on the findings of the scientif 
i c  advisory bowd,, Tile transition of the many, presently existing, un- 
determined varia5Lea ixi- t ;~ deteminants of known lllagnitude w i l l  incvitably 
result i n  a i r  po l lu~ ica  1 ~ ~ s  &id statutes that  w i l l  clearly identify such 

as "nuisance, .trespass" and "intentionals or "unintentionaln. In 
addition it w i l l  be possible then t o  characterize a i r  pollution t o  the 
extent &%ere it v r j l l  be cbeyed by every individual of a c o d t y  without 
exception, 
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Conclusion 

Although the task of alleviating and controlling the air pollution 
problem is not an easy one, it will and sm1-be solved in the near future. 
The problem has been created nntinly by man and thus it can.unly be solved 
by rna.n. Iisuaver it appears reasonable to believe that any society that is 
faced with this problem will make every effort to alleviate it and those 
societies, blessed with the absence of the problem, will make every efrort 
to prevent it from encroaching upon them. As air pollution control prog- 
rammes are being governed more and more by the local authorities, its 
impact will spread to the state, national, or even international level and 
hence the laws and statutes m y  stand before any co& without being subject 
to frustration and ridicule. Finally, this outline is 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 
problem. If this has been accomplished, if only to some small extent, 
this individual is looking most hopefully into the future. 

S m r  of Discussions 

The problems of operating an air pollution control p r o m  w i t h  a 
limited staff and the need for well-qualified personnel was given extended 
discussion. anphasis was placed on progmme development and on the need 
for doing this in time before air pollution in this Region becomes over- 
whelming. !Che countries of the Eastern Mediterranean Region should not 
repeat the costly mistakes of the more developed countries. The rrarin 
problem frequently was how to get started and, it was pointed out, 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 qualified staff throughtbire'!ao-operation 
of t h e  CIorld HcjLkh 0r;iamization. Governments who feel a need for develop- 
ing air pollution programmes might take this matter up with the local WHO 
representatives. 

Another need cited was for a set of standard procedures in air pollution 
analysis v~hich would have a legal validity comparable to that of the Stan- 
dard I:sthods for Analysis in the water pollution field. Professor Katz 
said thzt work on this was under way in the United States and he diScUSSed 
various aspects of the project. 
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The desirability of having clear-cut standards for simplifying legal 
action was brought up, Dr. 3il.itscN said that complete dependence on 
standards and law for air pollution control is a fallacy and more use 
should be made of psychology. An industry should be shown how rrany man- 
hours and how much money or profit is lost during an air pollution episode 
as well as how much damge 1s done to mterlals, vegetation.and anirmls, 
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A G E N D A  

Opening of the Seminar 

Election of Officers; Chairman, three Vice-Chairmen and Rapporteur 

Adoption of the Agenda 

Atmosphere Pollutants and their effects 

Air Pollution epidemiological aspects 

Air Pollution problems in the Region 

Nsasurement of Pollutant Emissions (methnds and -tions) 

Air Pollution emission inventory 

Air Quality Criteria and Guides 

Air Pollution monit;oring programme 

Air Pollution control program (organizatian, t r w  and 
legislation) 

Sun~nary of conslusions and recommendations 

Closing Session 
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by Dr. HIC* Wohlers 
WHO Temporary Adviser 

SOME E P ~ O L C G T C A L  'I'HOUG~ ON AIR POILUITON 

by Dr. E.W. Fritschi 
WHO Professor of Sanitary Engineering 

A I R  POT;LUTI:ON F ' l 3 0 ~  W EMR COUNTRIES 

by Mr. L.J. Lovelace 
WHO Secretariat 

METHODS AND EQUIPMENT FOR MEASURZNG PaZ;LU!WQ 
EM~SSIONS (STACK EMTSSION m m c )  

by Professor M. mtz 
WHO Temporary Adviser 

USE OF 'IRE RINGELMANN CHART AN!3 TRAINDIG OF 
P W S O ~  ON m m  F'Lm OBSERTTATION 

by Dr. H.C. Wohlers 
WHO Temporary Adviser 

by ~ r .  H.C. Wohlers 
WHO Temporary Adviser 

METHODS OF MEAS- FOR SPEETL'C P O U U T '  
IN AMElIENT AIR 

by Professor P.J. Lawther 
WHO Temporary Adviser 



WHO m o  EMFsfi44 
Annex III 
page iii 

EQUIPMENT AND METHOAS FOR CONTROL OF POLLUTWlT 
EMISSIONS (CITY PLANNING AS A Mf!THOD OF CWTROL) EM/SEM,AIR.POL./17 
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THE KINDS OF A-S CARRIED ON BY GO- 
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by Dr. H.C. Wohlers 
WHO Temporary Adviser 
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LIST OF BACKGROUND MA'WIAL 

EXPERT COMK!FEB ON ATMOSPEERIC POUVTANTS 

EXPERT COMMITDX ON RADIATION 

AIR P0L;LU'rION LEGISLATION: STANDARDS AND 
ENFORCEMENT (by A. Parker - In: A i r  Pollution, 
Monograph Ser i e s  No. 46) 

EPIDEMIOrnY ON AIR POLLvmON 
(Report on a Symposium) 

AIR POLLUTION I N  EUROPE 
(WO/EURO Report on t h e  Eighth Seminar f o r  
San i t a ry  Engineers, 1963) 

AIR POLLUTION: A SURVEY OF EXISTING IZGISLATION 
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Legislat ion,  1963, 2) 

AIR QUALITY CRITERIA (US Committee on Public 
Works, July 1968) 
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AND WA?W (WHO, 1968) 

A I R  POLLUl'ION I N  KUWAIT 
(~ss ignment  Report by Dr. P. J. Lawther, WHO 
Short-term consul tant )  

AIR POLLUTZON I N  9TXERAN 
(Assignment ~ e p o r t  by k. J. J. Schueneman, 
WHO Short-term Consultant) 

A I R  P O W O N  I N  TEHERAN - COMMTSSIONIAG OF 
AIR MONITORING APPARATUS AND ADVICE ON DEVEIX)PMENT 
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(Assignment Report by Mr. F.E. Ireland,  WHO 
Short-term Consultant ) 
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KUWAIT 0011 
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OCCUPATIONAL HEAtTH IN KUWAIT 
(Assignment Report by Professor F. Valic, 
WHO Short-term C d t a n t )  

AN llERODUC?ORY SURVEY OF AIR PO-ON SN CYPRUS 
(Assignment Report by m. J. Bei@;hton, WHO 
Short-term ~ c n s d t a n t )  

AIR PQTJ;C"~~:ON IN ~ A I T  - A PRELPiINARY smwm 
AND SOME S t .  A ( X I T E D 3  
(~ssigrunent Repopt by Dr. &S. Abdel Salam, 

WHO Short-term consultant) 

PUBtIC HFAL!t'H ASPECTS OF A I R  FTUUTKN FROM 
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RESEARCH INM ENVIRONMENTAL POLLUTION 

MEASUREPENT 03 A I R  POJLUDWTS 
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An Inventory Guide 
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URBAN COUNTRLES 
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