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EESEAECH INTO ENVIRONMENTAL POLLUTION: 

Since 1963 a number" of S c i e n t i f i c Groups concerned w i t h - v a r i o u s aspects of 
environmental pollution'bave met i n 3eneva and t h e i r recommendations are 
contained i n "Microchemical P o l l u t a n t s i n ' t h e Environment" (MH0/PA/1 10 ,63) and 
reports t o the .Dirc3ctor~Gen3ral by the S c i e n t i f i c Group on. the B i o l o g i c a l 
E stimation of Water P o l l u t i o n Levels-'(MH0/PA/136,6U), the S c i e n t i f i c Group 
on B i o l o g i c a l Aspects of Microchemibal P o l l u t i o n of Water Systems (MHQ/PA/1U3.6U), 

the S c i e n t i f i c Group on Research i n t o "5nvironmental P o l l u t i o n (PA/236.6i4.),- the 
S c i e n t i f i c Group on Long-Tsi-m E f f e c t s on Health of New P o l l u t a n t s (PA/37 '65)^and . 
the S c i e n t i f i c Group o n . I d a n t i f i c a t i o n and Measurement of A i r P o l l u t a n t s 
(PA / 6 6 . 1 9 ) . The r e p o r t s t o the Director-General have not been published, nor i s 
i t intended t l i a t they should be published, but the names of the members, of each 
of the S c i e n t i f i c Groups are given i n Appendix I . 

• ; :This::rGport summarizes the main conclusions and recommendations of these 
S c i e n t i f i c Groups. Although the danger of p o l l u t i o n o f the environment by r a d i o 
a c t i v e m a t e r i a l was w e l l appreciated, c o n s i d e r a t i o n of p o l l u t i o n o f t h i s - . s o r t was 
very l a r g e l y excluded from the r e p o r t s of the S c i e n t i f i c Groups. 

I n t r o d u c t i o n 

The long-term e f f e c t s on the p u b l i c h e a l t h of various contaminants i n the 
environment are becoming more pronounced -viith the r a p i d changes t h a t are t a k i n g 
place i n connection w i t h many of man's ent e r p r i s e s today, • 

Contamination of a i r , s o i l , food ana water by inorganic chemicals and sewage 
has received a t t e n t i o n i n the past and no doubt w i l l do so i n ths f u t u r e . A 
problem which has received l e s s a t t e n t i o n i s t h a t which may f o l l o w the i n t r o 
d u ction i n t o the environment of the organic chemicals man synthesizes f o r 
s p e c i f i c purposes. 

Annually, hunareds of new organic chemicals are made; some of them are 
p e r s i s t e n t substances; many of them are used on a worlci-wide scale. The chemi
cals i n question i n c l u d e new p l a s t i c s and p l a s t i c i z e r s ; s y n t h e t i c detergents and' 
solvents; a d d i t i v e s t o foods, f u e l s or a l l o y s ; and p e s t i c i d e s . , To an i n c r e a s i n g 
extent, s y n t h e t i c chemicals are used i n households, i n appliances and f u r n i s h i n g s , 
c l o t h i n g and buildin.?; m a t e r i a l s , mny of them enter d i r e c t l y or i n d i r e c t l y i n t o 
food, wh-reas more may reach surface and under-jround water supplies i n a d d i t i o n , 
t o the atmosphere. 



I t i s advisable t o consider the d i f f e r e n t types of a i r , water and l a n d 
p o l l u t i o n t o g e t h e r r a t h e r than separately. There are many instances i n which 
a i r , water and s o i l are. p o l l u t e d by the same type of waste. The dumping of 
molten slag from a s t e e l b l a s t fumaca, f o r example, r e s u l t s i n an immediate 
l i b e r a t i o n of-gases,,., the eventual p o l l u t i o n of streams by leaching from r a i n 
f a l l , . a n d an a l t e r a t i o n of the land surface t h a t hinders subsequent b e n e f i c i a l , 
use. of,the s o i l . There are other s i t u a t i o n s where the p r e v e n t i o n of one form,. 
of p o l l u t i o n leads t o another. Cyanides, f o r example, can- be removed from the 
l i q u i d wastes of e l e c t r o - p l a t i n g p l a n t s by a c i d i f i c a t i o n and a e r a t i o n , but the 
r e s u l t i s p o l l u t i o n of the atmosphere by hydrogen cyanide. 

. Regulations designed f o r p u b l i c h e a l t h p r o t e c t i o n are sdnetimes based on -
the assumption t h a t there i s only one route of exposure f o r the substance i n , 
question. Such an assumption i s generally f a l s e and i t i s becoming i n c r e a s i n g l y 
obvious t h a t p o l l u t i o n exposures from a l l sources should be evalxiated together* 

P o l l u t i o n of a i r , water or land may also a f f e c t the q u a l i t y of f o o d s t u f f s 
adversely.' Indeed the food chain i s undoubtedly the major v e h i c l e f o r the t r a n s 
f e r of r a d i o a c t i v e contamination and p e s t i c i d e residues t o man. " ' 

. P o l l u t i o n seems t o be an i n e v i t a b l e consequence of modern i n d u s t r i a l 
technology, r a p i d and convenient t r a n s p o r t , arid comfortable housing, but 
excessive p o l l u t i o n may i n t e r f e r e w i t h man's he a l t h and h i s mental, s o c i a l and 
economic w e l l - b e i n g . The problem, then, i s t o determine the l e v e l of p o l l u t i o n 
which permits optimal economic and s o c i a l development without hazards t o h e a l t h 
,in i t s broadest sense. This can be achieved by the systematic a p p l i c a t i o n of 
e x i s t i n g knowledge, supplemented by r e s u l t s from well-chosen i-esearch p r o j e c t s , 

Basic concepts i n the e v a l u a t i o n of 
~ environmental hazards ~ 

I n considering the long-term e f f e c t s on h e a l t h of;low l e v e l s of contaminants 
i n man's environment, some fundamental b i o l o g i c a l p r i n c i p l e s about the f a t e o f 
these substances i n or on the human body, and t h e i r , e f f e c t on the d i f f e r e n t . 
b o d i l y f u n c t i o n s must be discussed. 

The problems are complicated and much basic general i n f o r m a t i o n i s s t i i r -
needed, i n a d d i t i o n t o s p e c i f i c - i n f o r m a t i o n f o r i n d i v i d u a l substances. ' 

These e f f e c t s might be d i v i d e d i n t o two groups: 

: -. (1) l o c a l i z e d e f f e c t s a t the place of contact and e n t r y , c h i e f l y the 
r e s p i r a t o r y and the alimentary ^stems, but t o seme ext e n t , the s k i n 
and-conjunctivae, and . 

(2) the e f f e c t s a f t e r absorption and d i s t r i b u t i o n i n s i d e the body. . 



Localized e f f e c t s a t p o i n t of contact and entry- .. 

• At the place of contact absorption may be expected i n t o the boundary 'zone 
of the organ, the outermost c e l l s of which may be influen c e d i n d i f f e r e n t ways. 
The normal biochemistry' of the c e l l s may show dev i a t i o n s leading t o the release 
of substances which are transported by the c i r c u l a t i o n t o other p a r t s of-the 
b o d y , - e l i c i t i n g s t r e s s - r e a c t i o n s or i n t e r f e r i n g w i t h metabolic processes e l s e 
where i n the body. Or, l o c a l s t r u c t u r a l changes-may occur. Local contact may 
also give r i s e t o l o c a l nervous s t i m u l a t i o n , or t o c e n t r a l nervous system 
e f f e c t s . • • . -. 

The l o c a l changes may give b e t t e r p r o t e c t i o n t o the organ" or, by a l t e r i n g 
the conditions of absorption or p e n e t r a t i o n of f o r e i g n substances, may impair 
i t s n a t u r a l defence mechanism. ' f.-. • - : 

Some f a c t s are known about these'contact e f f e c t s b u t there are many gaps i n 
the basic knowledge of the possible e f f e c t s of long-term exposvife. L i t t l e i s 
known about the occurrence of s p e c i f i c p r o t e c t i v e substances. 

Absorption and d i s t r i b u t i o n 

Absorbed chemicals i n t e r f e r e w i t h the biochemistry of the c e l l s only i f 
some chemical r e a c t i o n takes place. Storage o f in s o l u b l e substances may l i m i t 
the amount of p o l l u t a n t a v a i l a b l e f o r such r e a c t i o n s . Storage may thus have 
the e f f e c t of excluding p o l l u t a n t s f r a n v i t a l biochemical processes. Some 
elements arid r a d i c a l s are-chemically the same, or'so l i k e , the normal c o n s t i t u e n t s 
t h a t they are t r e a t e d as such, and thus may d i s t u r b the normal biochemical 
processes, or the p o l l u t a n t s may be degraded or metabolized t o substances which 
are then excreted. I n some instances new t o x i c substances are produced i n s i d e 
the body. 

I f man d i d not have such biochemical mechanisms t o take care of f o r e i g n 
substances e n t e r i n g the-body, -ho would have, succumbed t o the many substances i n 
nature t h a t are f o r e i g n t o him, but are known t o penetrate i n t o h i s body; many 
of these'are harmful when absorbed i n large doses. This agrees w i t h the 
experience t h a t up t o now a l l t o x i c substances have been found i n experimental 
animals t o have - even w i t h .prolonged exposure - a minimal dose-rate, below 
which no detectable e f f e c t .on h e a l t h occurs w i t h i n the normal l i f e - s p a n . The 
possible exceptions t o t h i s are c a u s i n j mutagenic^ t e r a t o g e n i c or carcinogenic 
substances. 

Most t o x i c o l o g i c a l research has been on the harmful e f f e c t s of doses higher 
than these l i m i t s . For the e v a l u a t i o n of long-term effects,.however, i t i s 
important t o know-much more about the biochemical r e a c t i o n s t o doses below these 
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l i m i t s . The normal enzymes, e s p e c i a l l y i n the l i v e r , may d e t o x i f y the potan-' 
t i a l l y harmful substances. For example, during chronic intake of DDT i n man, 

. the r a t e of i t s conversion t o the much les s t o x i c DDE has been found t o increase. 
Thus the problem'of i n d u c t i o n of adaptive enzymes i s of importance. The 
i d e n t i f i c a t i o n of the-enzymes capable of removing the atoms of c h l o r i n e and 
hydrogen from -DDT and perhaps from other c h l o r i n a t e d organic compounds, as 
w e l l as many other d e t o x i f y i n g biochemical' processes, i s an important f i e l d f o r 
a d d i t i o n a l research. ' • • • - / • 

More basic knowledge about the general c o n d i t i o n s of absorption, d i s t r i b u 
t i o n , metabolism, storage and e x c r e t i o n , w i l l permit the development of b e t t e r 
c r i t e r i a f o r p u b l i c h e a l t h r e g u l a t i o n s . The nature of the biochemical i n t e r 
a c t i o n between t o x i c agents and' the l i m i t e d number of normal enzymes and other 
c e l l c o n s t i t u e n t s i s not adequately understood.; Such- knowledge may w e l l l e a d 
t o general b i o l o g i c a l , p r i n c i p l e s of value i n s e t t i n g up,models f o r i n v e s t i g a t i n g 
the f a t e and i n t e r a c t i o n s of new chemicals when they enter the human body.. 

The importance-of normal v a r i a b i l i t y 

A l l b i o l o g i c a l processes and s t r u c t u r e s 'show v a r i a t i o n w i t h i n a "normal 
range" of v a r i a b i l i t y . This r e f l e c t s man's adaptation t o h i s changing environ-* 
mental c o n d i t i o n s w i t h i n the l i m i t s defined by h i s i n d i v i d u a l genetic make-up.'. 

I f the e f f e c t s of long-term exposures do not exceed t h i s normal v a r i a t i o n , 
no harmful consequences need be a n t i c i p a t e d . Health hazards need only be feared 
i f the adaptation forces and defence mechanisms are overburdened or overstimu-
l a t e d . 

Many agents, chemical and p h y s i c a l , c o n f r o n t i n g man provoke adaptive -
r e a c t i o n s . These, biochemical and p h y s i o l o g i c a l reactions may either, l i m i t the. 
capacity of the. organism t o adapt i t s e l f t o the e f f e c t s , of other f a c t o r s , or .-
may stimulate the capacity f o r adaptation. These a l t e r n a t i v e s are important i n 
the understanding .of the h e a l t h hazards of long-term exposure. Because of the 
importance of these adaptive mechanisms, experiments w i t h combinations of 
p o l l u t a n t s and other stresses are much needed. . 

E f f e c t s on r e g u l a t o r y systems . ' 

Besides the e f f e c t s of p o l l u t a n t s a t the c e l l u l a r l e v e l l eading t o b i o - ' 
chemical d e v i a t i o n s and s t r u c t u r a l derangements, there may b e . e f f e c t s on the 
homeostatic r e g u l a t i o n of the body, .stimtOation o r i n h i b i t i o n of the nervous 
system, the r e g u l a t o r y hormonal system and the immune-reaction of.the r e t i c u l o - . 
e n d o t h e l i a l system. 
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Knowledge about these: r e g u l a t o i y mechanisms i s very scanty. Not every 
detectable e f f e c t , i n these processes has necessarily harmful or l a s t i n g conse
quences on h e a l t h . Some reactions may be detectable now only because new 
techniques are p r o v i d i n g more knowledge about the basic conditions of h e a l t h and 
t h e processes of adaptation t o the environment. 

Other healthrpromoting measures may strengthen man's capacity t o adapt 
himself t o h i s changing l i v i n g c o n d i t i o n s . A f t e r a l l , man's ancestors have 
.during the wholo p e r i o d o f e v o l u t i o n adapted themselves t o the changing condi
t i o n s of l i f e on t h i s p l a n e t . B e t t e r n u t r i t i o n , housing and environmental 
conditions might help man t o bear the burdens of adapting t o the p h y s i c a l and 
chemical agents t o which he i s exposed, but t h i s , i f t r u e , must not be used as 
a reason f o r delaying the i n t r o d u c t i o n of s t r i c t e r requirements f o r a i r and 
water p u r i t y . 

New approaches t o research are needed t o c l a r i f y basic concepts of environ
mental b i o l o g y , by which i s meant f a r more knowledge of the responses of l i v i n g 
organisms t o changing environments. S p e c i a l i s t s i n human b i o l o g y have t o 
c o l l a b o r a t e w i t h m i c r o b i o l o g i s t s , b o t a n i s t s and z o o l o g i s t s f o r t h i s purpose. 
The f a t e of new chemical p o l l u t a n t s which contaminate the water or s o i l 
environment of many other organisms leads t o an e c o l o g i c a l disturbance i n 
nature; observation of these e f f e c t s i s important f o r the understanding of 
human environmental b i o l o g y . 

•Recent trends i n environmental p o l l u t i o n 

There can be l i t t l e doubt t h a t p o l l u t i o n of man's environment i s i n c r e a s i n g . 
I t i s not possible t o give d i r e c t estimates of the amount of chemical p o l l u t a n t s 
i n the environment a t the present t i m e . However, production f i g u r e s f o r 
i n ^ j o r t a n t groups of s y n t h e t i c organic chemicals may s t r v e as a guide, (See 
Figures 1, 2 and 3.) I n f o r m a t i o n i s a v a i l a b l e f o r Western Europe and the 
United States of America, As shown i n Figures 2 and 3, f o r Vfestem Europe the 
t o t a l p roduction of chemicals increased more than two f o l d i n the eight-year 
period'1953-60, However, during t h a t time, the production of the chemicals 
of i n t e r e s t t o us rose even more steeply: the output of petrochemicals increased 
e i g h t - f o l d , t h a t of the p l a s t i c s i n d u s t r y almost f o u r - f o l d , and t h a t of 
pharmaceuticals almost t h r e e - f o l d . Comparative increases f o r the United States 
of America are f o u r - f o l d f o r p l a s t i c s , , about t h r e e - f o l d f o r s y n t h e t i c detergents 
and a l i t t l e more than t h r e e - f o l d f o r p e s t i c i d e s . An important f e a t u r e i s the 
ra{3id increase i n the United States production of i n s e c t i c i d e s , f o r which no 
comparative f i g u r e s can be derived from a v a i l a b l e European r e p o r t s . Western 
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European c o u n t r i e s , however, do record a ' t o t a l production of s y n t h e t i c deter
gents i n 1960 and 1961 t h a t approaches the ra t e of increase and the t o t a l 
production f o r these years i n the United States. 

Not a l l of the increases recorded i n Figures 1 , 2 and 3 would a f f e c t the 
respective environments. There was exchange of chemicals between the two 
continents and- exports t o other p a r t s of the world. Nevertheless, i t i s 
obvious t h a t among the great changes of the past decade,' the production of 
chemicals - and i n p a r t i c u l a r . s y n t h e t i c organic chemicals - i s . i m p o r t a n t . -There 
i s t h e r e f o r e good reason why we should consider the possible impact of these 

• chemicals upon the environment of man and man himself. 

A i r p o l l u t i o n by smoke i s d e c l i n i n g i n developed countries as a r e s u l t of 
increased e f f i c i e n c y of combustion and the s u b s t i t u t i o n of o i l or natural'gas 
f o r coal, whereas concentrations of some of the newer p o l l u t a n t s , such as those 
from motor cars, are i n c r e a s i n g . I n developing c o u n t r i e s where r a p i d i n d u s t r i a l -
i;iaticn_and u r b a n i z a t i o n are leading t o an increased'use o f f u e l s , combustion 
eqv.ipment and i n d u s t r i a l chemicals, a concomitantly r a p i d growth of p o l l u t i o n ' • 
problems may be e:ipected. 

With the great increase i n the use of motor v e h i c l e s , the problems caused . 
by p o l l u t i o n from exhausts have.arisen i n many major c i t i e s . The unexpected 
and complex problem of photochemical p o l l u t i o n , f i r s t noted i n Los Angeles, has 
been obser'red i n ether c i t i e s which have a s u f f i c i e n t concentration of motor 
Tehicles, stagnant a i r , and an i n t e n s i t y of r a d i a t i o n " o f short wavelengths t o . 
promote photochemical reactions. 

The p o l l u t a n t s p r i m a r i l y , emitted oy motor v ~ h i c l e s - hydrocarbon vapours 
and n i t r i ' c oxide - are not liarmful a t the concentrations normally found i n 
tovn a i r unless they take p a r t i n photochemical r e a c t i o n s . N i t r i c oxide i n 
low concentrations i s slowly oxidized i n the ambient a i r t o n i t r o g e n d i o x i d e , 
but. the r e a c t i o n occurs more r a p i d l y i n the presence of hydrocarbon vapours. 
"The r i s k s t o h e a l t h from n i t r o g e n dioxide are g r e a t e r than those of equivalent 
concentrations of n i t / i c oxide, b u t more work is..needed .to assess the concentra
t i o n a t which ,nitrogen dioxide, a f f e c t s ' t h e lungs. . • . . 

Two p o l l u t a n t s , carbon monoxide and lead, emitted by motor v e h i c l e s , are 
also of concern, although they take no p a r t i n photochemical p o l l u t i o n r e a c t i o n s . 
Carbon monoxide combines r e v e r s i b l y ( w i t h a b i o l o g i c a l h a l f - l i f e of the order of 
three hours) w i t h the haemoglobin i n the body and prevents oxygen t r a n s p o r t . I n 
many c i t i e s p o l l u t i o n by exhaust gases i s s u f f i c i e n t t o . i n a c t i v a t e from one t o 
s i x per cent-of the haemoglobin i n a l l members of the e:jq)osed p o p u l a t i o n . 
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Inorganic lead i s emitted from the breakdown of t e t r a e t h y l lead which i s used 
as a motor-fuel a d d i t i v e . The a i r of Los Angeles contains up t o twice as much 
lead as t h a t of other large c i t i e s . 

. I n some developed countries l e g i s l a t i o n has beenintroduced r e g u l a t i n g the 
discharge of i n d u s t r i a l wastes t o sewers and water-courses, but. many developing 
countries undergoing r a p i d technical-development l a c k adequate numbers of 
t r a i n e d personnel, equipment and other f a c i l i t i e s f o r the assessment and c o n t r o l 
of e n v i r o m e n t a l p o l l u t i o n . 

Vehicles of t r a n s f e r of p o l l u t i o n t o man 

Although i t i s a r t i f i c i a l t o draw a d i s t i n c t i o n between p o l l u t i n g sub
stances reaching man by vray of a i r , water or food - since, f o r example, a single 
chemical sprayed on a crop may be inhaled, may a l i g h t d i r e c t l y on'the skin' or. 
conjunctivae, may be washed i n t o a water-course and subsequently drunk, or may 
be ingested i n the sprayed crops or i n f i s h which have been present i n the 
water-course - i t i s convenient t o make such a d i s t i n c t i o n f o r purposes of 
d e s c r i p t i o n . Most environmental p o l l u t a n t s , however, commonly reach man by one 
of these v e h i c l e s r a t h e r than the others, and they w i l l be considered 
separately here, 

I A i r P o l l u t i o n 

Purposes of a i r p o l l u t i o n i n v e s t i g a t i o n s 

a. P r i n c i p a l purposes of a i r p o l l u t i o n measurements. The f o u l i n g of the 
atmosphere by the waste products of mail's a c t i v i t i e s , p a r t i c u l a r l y i n urban 
communities, i s rapidJ.y increasing throughout the world. Although each a i r 
p o l l u t i o n problem must be evaluated on the basis of i t s own i n d i v i d u a l . 
c h a r a c t e r i s t i c s , sources of p o l l u t i o n , in,a general sense, may be c l a s s i f i e d 
i n t o several broad categories: the combustion of coal and o i l i n domestic and 
i n d u s t r i a l heating and steam -generating p l a n t s , motor ve h i c l e emissions, 
i n d u s t r i a l e f f l u e n t s , and miscellaneous commercial and community a c t i v i t i e s such 
as the burning of s o l i d wastes, solvent losses, p e s t i c i d e s and a g r i c u l t u r a l 
chemicals, 

b. Preliminary assessment of a problem. Before complicated methods are used 
t o measure the concentration of p o l l u t a n t s , the nature and magnitude of the 
problem must be assessed. Many p o l l u t a n t s are i n v i s i b l e and odourless, and 
some of them can be very dangerous.. Nevertheless, f o r p r e l i m i n a r y assessment 
as t o whether a problem e x i s t s , a c a r e f u l i n q u i r y about l o c a l sources, 



i n c l u d i n g f u e l usage, suspected e f f e c t s , i n s p e c t i o n of the b u i l d i n g s and crops 
i n the area, observation of plumes and the use of the sense of smell may be of 
great value. These procedures may not, however, provide assurance t h a t there 
i s no p o l l u t i o n problem, not only because some p o l l u t a n t s cause no e f f e c t s 
detectable by s i g h t or smell, b u t also because concentrations and r e a c t i o n s may 
be influ e n c e d by unusual meteorological c o n d i t i o n s not present d u r i n g the 
p r e l i m i n a r y assessment. At t h i s e a r l y stage of an i n v e s t i g a t i o n concentration 
of a gross arid e a s i l y measured p o l l u t a n t may o f t e n be taken as an i n d i c a t o r of 
the amounts of some other p o l l u t a n t , the e s t i m a t i o n of which i s more d i f f i c u l t 
or expensive t o carry out, f o r example i f the main p o l l u t a n t i s coal snoke the 
assessment .of smoke may give a rough i n d i c a t i o n of the concentration o f p o l y -
c y c l i c hydrocarbons. 

c. The i d e n t i f i c a t i o n of sources of p o l l u t a n t s . Surveys i n v o l v i n g the measure
ments of the concentrations of i n d i v i d u a l p o l l u t a n t s may be needed i n order t o 
i d e n t i f y w i t h c e r t a i n t y the sources which are responsible. These problems may 
be d i f f i c u l t ; an example i s t h a t of d i s t i n g u i s h i n g between the c o n t r i b u t i o n s 
made by coal combustion and motor veh i c l e s . Here both sources may emit p o l y -
c y c l i c hydrocarbons' and carbon monoxide, and care must be taken t o s e l e c t f o r 
measurement i n d i c a t o r p o l l u t a n t s emitted from one or other source alone, f o r 
example, by c a l c u l a t i o n s r a t i o s of concentration of i n d i v i d u a l hydrocarbons by 
which the source may be i d e n t i f i e d . 

d. Assessment of e f f e c t s on.health. Public h e a l t h a u t h o r i t i e s i n many p a r t s 
of the world use measurements of a i r p o l l u t i o n t o assess the magnitude o f 
t h e i r problems i n comparison w i t h those i n other areas. For these purposes a-
network of sampling s t a t i o n s may be established and observations made a t f i x e d 
i n t e r v a l s f o r prolonged periods. I n some surveys i n t e r m i t t e n t sampling a t 
d i f f e r e n t s i t e s i s used according t o a predetermined s t a t i s t i c a l design, b u t . 
whatever the procedure adopted i t should be capable of y i e l d i n g a reasonable 
estimate of the d i s t r i b u t i o n of p o l l u t i o n exposures a f f e c t i n g the p o p u l a t i o n 
w i t h i n the survey areas and of demonstrating the v a r i a t i o n s t h a t occur w i t h the 
seasons and w i t h atmospheric c o n d i t i o n s . 

Maximal values may be more relev a n t - t h a n mean concentrations, e s p e c i a l l y i n 
studies of the acute e f f e c t s of p o l l u t i o n ; f o r t h i s purpose observations must 
be made over periods of not more than 2U hours, and continuous o r h o u r l y records 
may be valuable. I n studies of the development of chronic diseases and of. l o n g -
term e f f e c t s i t i s necessary t o use i n a d d i t i o n mean long-term concentrations of 
p o l l u t i o n . A r e l a t i v e l y simple sampling procedure has sometimes been used by 
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which m a t e r i a l i s c o l l e c t e d continuously over periods of a month or more a t a 
time » 

Exposure of i n d i v i d u a l s or pop u l a t i o n groups t o s p e c i f i e d p o l l u t a n t s i s u s u a l l y 
. estiraated from the. r e s u l t s obtained w i t h f i x e d samplers placed .in the arcias 

^j^here people l i v e or work. This procedure i s usually s a t i s f a c t o r y i n urban 
environments where the concentrations of p o l l u t a n t s do not f l u c t u a t e very r a p i d l y 
w i t h time or place, but i n soirie'cases "personal" samplers may be required t o , 
obtain a s a t i s f a c t o r y measure of the exposure of i n d i v i d u a l s , e s p e c i a l l y i n 
t h e i r homes, . . . 

I t must be recognized t h a t h e a l t h may be a f f e c t e d i n d i r e c t l y by impairment o f 

w e l l - b e i n g . For example,, p a r t i c l e s b i g enough t o be deposited r a p i d l y and too 
b i g t o be inhaled and cause, pulmonary disease, may s o i l f a b r i c s , b u i l d i n g s and 
paintwork and may thus i n d i r e c t l y a f f e c t h e a l t h by causing annoyance; bad smells 
and eye i r r i t a t i o n , may not cause demonstrable p a t h o l o g i c a l changes, but they 
a f f e c t well-being t o a serious extent. 

e* • The: assessment of the r e l a t i o n of weather t o p o l l u t i o n . Frequent and 
widespread.imsaguremonts of p o l l u t i o n may. be needed i n order-to assess the . 
e f f e c t s of atmospheric c o n d i t i o n s on the d i s p e r s i o n of p o l l u t a n t s or the chemical 
i n t e r a c t i o n of i n d i v i d u a l contaminants. Probably the most notorious exan^les 
of t h i s type of problem are the Los Angeles photochemical p o l l u t i o n and the 
B r i t i s h smoke-polluted f o g . I n both instances r e a c t i o n s t h a t occur between 
p o l l u t a n t s a r e • g r e a t l y dependent on meteorological f a c t o r s and only by c a r e f u l 
measurement can be mechanisms by which secondary p o l l u t a n t s are formed-be 
elucidated.. 

f , The'assessment-of the e f f e c t s of c o n t r o l measures. I n many p a r t s of the 
world a i r p o l l u t i b h . i s regarded as an i n t o l e r a b l e nuisance and measures t o 
abate' i t have been taken. Obviously the e f f e c t of the implementation .of "clean 
a i r " r e g u l a t i o n s can only be assessed by studying the r e s u l t s of measurements 
made sy s t e m a t i c a l l y over a long period and i n many places. A l l to'o o f t e n use 

i s made of short series of measurements t o assess t h e i r e f f e c t ; because p o l l u 
t i o n i s so oft e n dependent upon meteorological v a r i a b i l i t y , care must be taken t o 
ensure .;that no f a l s e conclusions are reached by careless i n t e r p r e t a t i o n o f short 
•series of measurements. , ; . 

g. The use,of measurements of p o l l u t i o n f o r planning and economic 
developments. I f p o l l u t i o n of the a i r i s t o be avoided r a t h e r than abated', 
plans must be made so t h a t power s t a t i o n s , i n d u s t r i a l p l a n t s and domestic 
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sources of p o l l u t i o n do not "overload" the a i r . I n many p a r t s of the world 
c a r e f u l surveys of concentrations of p o l l u t i o n are made before places are 
developed f o r i n d u s t r i a l use or as areas of h i g h p o p u l a t i o n d e n s i t y . This 
p r a c t i c e has much t o commend i t , and the development of many p o l l u t i o n problems 
i s avoided by the r e c o g n i t i o n of the importance of a i r p o l l u t i o n i n town planning, 

he The development of a i r q u a l i t y c r i t e r i a or guides, People may wish h e a l t h 
agencies t o st a t e what they consider t o be t o l e r a b l e or i n t o l e r a b l e concentra
t i o n s of p o l l u t a n t s and t o draw up r e g u l a t i o n s under which these l i m i t s may not 
be exceeded. WHO i s attempting t o e s t a b l i s h such c r i t e r i a and guides, along 
l i n e s recommended by the WHO Expert Committee on Atmospheric P o l l u t a n t s , 
The need f o r widespread and frequent measurements of i n d i v i d u a l p o l l u t a n t s and 
combinations of p o l l u t a n t s f o r t h i s purpose i s obvious. 

i . The measurement of p o l l u t i o n f o r research purposes. Seldom, i f ever, i s 
p o l l u t i o n simple; compounds o f t e n react i n the a i r a f t e r emission. The s t r u c t u r e 
and size of p a r t i c l e s and d r o p l e t s may be complex and may vary w i t h the 
temperature and the humidity. Research i n t o these matters i s i n i t s i n f a n c y 
and many measurements of many p o l l u t a n t s w i l l be needed i n order, t o study the 
changing nature of p o l l u t i o n . 

Sampling p r i n c i p l e s and procedures 

I n regard t o a i r p o l l u t i o n , "sampling" means the c o l l e c t i o n of a c e r t a i n 
volume of a i r or a c e r t a i n q u a n t i t y of one or more p o l l u t a n t s f o r the purpcsse 
of determining the atmospheric concentration of the p o l l u t a n t s . 

Sampling us-aally precedes a n a l y s i s and there may be a time i n t e r v a l o f 
some l e n g t h between the two operations. However, when i t i s desired t o s t a r t a • 
study of a i r p o l l u t i o n and i t has been decided t h a t the survey should concentrate 
on s p e c i f i e d p o l l u t a n t s , a l i s t of the a n a l y t i c a l m.ethods a v a i l a b l e , together 
w i t h the corresponding sampling method or methods, shoi£Ld be drawn up. By 
matching a n a l y t i c a l and sampling methods t o the needs of a study the basis f o r 
a d e f i n i t i v e choice i s obtained. 

a. P r i n c i p l e s f o r the s e l e c t i o n of a sampling method. The choice of te c h 
nique depends on many f a c t o r s : f i r s t l y , on the purpose of the measurements, 
then on the type of e f f e c t in'which one i s i n t e r e s t e d , and on the appropriate 
p e r i o d f o r averaging, and on the method of r e p o r t i n g r e s u l t s . 

Wld HLth Org, techn. Rep, Ser,,.1963, 271 
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Another f a c t o r i n the choice of a samplini technique i s the l i m i t a t i o n s imposed 
by the s e n s i t i v i t y and s p e c i f i c i t y of a n a l y t i c a l techniques, 

Important considerations are s i m p l i c i t y o f the sampling method and the a v a i l 
a b i l i t y of apparatus which i s strong, cheap, portable and compact and which 
p r e f e r a b l y does not require any source of energy a t the sampling p o i n t but y e t 
produces the "greatest possible q u a n t i t y of data. 

F i n a l l y , i t must not be f o r g o t t e n t h a t the sampling method must be e f f e c t i v e ; 
t h a t i s t o say, i t should obviate any l o s s of the p o l l u t a n t a t the moment of 
c o l l e c t i o n , and any transformation t h e r e a f t e r by mutual r e a c t i o n of antagonis
t i c p o l l u t a n t s or by disappearance of a p o l l u t a n t as a r e s u l t of adsorption, 
v o l a t i l i z a t i o n , agglomeration or s h a t t e r i n g of the p a r t i c l e s . I t should provide 
a sample representative of the a i r as inhal e d a t the sampling p o i n t , 

b. Sampling procedures. As regards d u r a t i o n of sampling period, two tech
niques are c u r r e n t l y employed: (a) short period or "spot" sampling, and 
(b) continuous sampling f o r the measurement of maximal and average concentrations 
over d e f i n i t e time i n t e r v a l s . Spot samples are u s u a l l y c o l l e c t e d f o r s p e c i f i c 
purposes over v a r y i n g periods of l e s s than 30 minutes t o several hours. Such 
samples have r e s t r i c t e d value except where only minor changes i n concentrations 
at p a r t i c u l a r periods of the day occur as a r e s u l t , say, of the t r a f f i c 
d ensity or where spot sairpling i s conducted f o r the^ purpose of random checks on 
p o l l u t i o n a t many p o i n t s . I n general, p o l l u t i o n l e v e l s f l u c t u a t e widely i n 
accordance w i t h p r e v a i l i n g meteorological conditions and are i n f l u e n c e d by such 
f a c t o r s as the topography, mass emission r a t e s , temperature, v e l o c i t y and 
d e n s i t y of stack gas, height of stacks, d i s t r i b u t i o n of sources and distance 
from sources down-wind. I t i s obvious, t h e r e f o r e , t h a t spot sampling cannot be 
employed t o characterize f u l l y the nature and magnitude of an a i r p o l l u t i o n 
problem. The determination of maximal concentrations of a p o l l u t a n t over short 
i n t e r v a l s i s l i m i t e d by the time constant of the sampling or continuous 
recording instrument. 

Systematic s t u d i e s of the nature and extent of p o l l u t i o n i n the ambient a i r t o 
otitain data f o r epidemiological surveys, f o r evaluating the p o t e n t i a l hazard 
to man, animals or vegetation, and f o r c o n t r o l programmes, u s u a l l y require 
continuous sampling techniques. Maximal and average concentrations over d e f i n i t e 
t-me periods can be read or ca l c u l a t e d , depending upon the d u r a t i o n of the 
sampling cycle. W i t h i n a given cycle,'peak concentrations over r e l a t i v e l y 
short periods can also be determined. The instrumental techniques, however, 
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may l ^ c k s p e c i f i c i t y and the data must t h e r e f o r e be checked f r e q u e n t l y by 
c a l i b r a t i o n and by other mcire s p e c i f i c a n a l y t i c a l methods. Where continuous 
automatic instruments cannot be employed, the samples can s t i l l be c o l l e c t e d 
continuously by appropriate chemical absorption or f i l t r a t i o n of measured a i r 
•volumes i n a sequential f a s h i o n and analysed subsequently. 

I t i s recommended t h a t f o r i n t e r n a t i o n a l comparison of r o u t i n e sampling 
measurements the p e r i o d of c o l l e c t i o n should be standardized so t h a t a .short-
term sample would be defined as one c o l l e c t e d d u r i n g 30 minutes and a long-tenn 
sample as one c o l l e c t e d during 2h hours. 

The p h y s i c a l and chemical p r o p e r t i e s of p o l l u t a n t s o f t e n i n f l u e n c e the technique 
t o be adopted. Thus, i n the case of gaseous p o l l u t a n t s , the samples can be 
c o l l e c t e d i n glass or metal vessels pre-viously evacuated or i n p l a s t i c bags 
i n f l a t e d by a hand-pump or an electro-mechanical membrane ptimpj by a s p i r a t i n g • 
a i r through a c o l d t r a p by which gaseous p o l l u t a n t s w i t h a high b o i l i n g p o i n t 
are; r e t a i n e d ; by dissol-ving i n an appropriate s o l u t i o n ; by t r a n s f o r r o a t i o n , using 
an a p p r o p r i a t e , and i f possible s e l e c t i v e , l i q u i d reagent, i n t o a compound t h a t 
i s e a s i e r t o t i t r a t e or detect c o l o r i m e t r i c a l l y ; by adsorption on t o a 
s u i t a b l e s o l i d adsorbent, p o s s i b l y a t low temperature, the p o l l u t a n t being 
l i b e r a t e d by subsequent treatment; or by r e a c t i o n w i t h a s o l i d reagent spread 
over an i n e r t surface i n a detector tube or on f i l t e r paper. I n t h i s l a t t e r . 
jjistanoe the. reagent chosen should be such t h a t t h e - p o l l u t a n t t o be deteimined 
causes a change i n colour, which can be used d i r e c t l y f o r measurement. 

For l i q u i d o r - s o l i d p o l l u t a n t s , the f o l l o w i n g methods may be used; a s p i r a t i o n 
through a f i l t e r of known p o r o s i t y , t h a t r e t a i n s ordinary and r a d i o a c t i v e 
suspended matter; impaction of p a r t i c l e s hurled a t great v e l o c i t y against a 
s o l i d p a r t i t i o n , i n the presence or absence of a l i q u i d ; cyclone c e n t r i f u g a t i o n , 
by means of which suspended m.atter of r e l a t i v e l y l a rge diameter i s r e t a i n e d , 
p o s s i b l y f o l l o w e d by f i l t r a t i o n t o remove small p a r t i c l e s which the cyclone has 
not stopped; and thermal or e l e c t r o s t a t i c p r e c i p i t a t i o n . 

The various procedures'have t h e i r advantages and drawbacks, which must also 
i n f l u e n c e the choice of the sampling technique. 

Sampling methods f o r d i r e c t a n a lysis c a l l f o r equipment t h a t i s g e n e r a l l y 
expensive and must be set up f o r use a t a s i n g l e sampling s i t e . Consequently 
the number of s i t e s cannot be m u l t i p l i e d w i t h o u t increasing the equipmeni; and 
thus the costs i n v o l v e d . On the other hand, by means of d i r e c t a n a l y s i s the 
d a i l y t r e n d of p o l l u t i o n a t a given place can be determined. The method i s 



e s p e c i a l l y valuable when i l ? gives, e i t h e r d i r e c t l y o r by i n t e g r a t i o n , successive 
means over a given time ihtearval. 

Sampling methods f o r delayed a n a l y s i s have the advantage t h a t i n t h i s way a 
large number of sampling s i t e s can be kept under s u r v e i l l a n c e w i t h only one 
expensive a n a l y t i c a l i n s t a . l l a t i o n . On the other hand, sampling i s almost 
instantaneous a t each s i t e , which excludes the p o s s i b i l i t y of e s t a b l i s h i n g 
means i n r e l a t i o n t o time i n the sense t h a t these have been defined above. 
Furthermore, s u r v e i l l a n c e of a l a r g e number of sampling s i t e s poses t h e problem 
of- the d i v i s i o n of the area concerned i n t o u n i t s and of t h e most s u i t a b l e way 
and time of v i s i t i n g each of the s i t e s chosen i n these u n i t s . 

Measurement of a i r p o l l u t i o n 

A i r p o l l u t i o n nomenclature. The need f o r agreement on the use of w e l l - d e f i n e d 
and precise terms t o describe phenomena connected w i t h a i r p o l l u t i o n i n d i f f e r e n t 
p a r t s of the world has been pointed out by a WHO Expert Committee on Atmospheric 
Pollutants,''" At present the use i n t e c h n i c a l l i t e r a t u r e of imprecise words 
such as "smog", "smaze" and many others t o describe the nature, o r i g i n and 
c o n s t i t u t i o n of a i r p o l l u t i o n and the i n f l u e n c e of, associated atmospheric or 
meteorological f a c t o r s creates confusion. 

U n i t s , The interchange of the r e s u l t s of a i r q u a l i t y ^ i n v e s t i g a t i o n s would toe 
made easie r i f a common nomenclature, consistent u n i t s and u n i f o m methods were 
adopted i n t e r n a t i o n a l l y , A b r i e f review of the problem was made a t t h e 1963 

Inter-Regional Symposium on C r i t e r i a f o r A i r Quality,and Methods of Measurement, 
A number of u n i t s f o r the expression of the r e s u l t s of sampling and the a n a l y s i s 
of p a r t i c u l a t e and gaseous contaminants and of r e l a t e d environmental f a c t o r s 
are rccommended i n "Guide t o the S e l e c t i o n of Methods"for Measuring A i r 
P o l l u t a n t s " (See B i b l i o g r a p h y ) . 

The kilogramme-metre-second-ampere system should be employed f o r expressing the 
res\x).ts of a i r p o l l u t i o n measurements. The concentration o f p o l l u t a n t s i n 
terms of t h i s system should be reported as mass per u n i t volume a t a standard o r 
reference temperature and pressure. There i s general agreement t h a t the stan
dard pressure of 1013,25 m i l l i b a r s (equal t o 76O ram Hg) and t e n ^ e i a t u r e of 
0°C should be employed. Although i n many instances the c o r r e c t i o n t o standard 
or reference gas conditions may not be j u s t i f i e d f o r ' l o c a l purposes because of 
inherent e r r o r s or l i m i t e d accuracy of measurements, i t i s e s s e n t i a l t h a t the 

Wld HLth Org. Techn. Rsp. Ser., 1963, 271 
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TABLE I 

lECOftt'ENflEiJ TOITS FOR AIR SAWPLINa ANU ANALYSIS 

J Ti . ! n J J .... A l t e r n a t i v e or ] Item ! Recommended u n i t s j • , ' i ' derived u n i t s j Symbol 

i Suspended-parti- i H l l l i g r a m s p3r cubic i Micrograms per ^ -
culate.matter j m^itre ; cubic metro j mg/m //g/m 

1 
Gases or vapours M i l l i g r a m s per cubic- ' Micrograms per , ^ 

metre i cubic metre I mg/m /tg/m 
j • 1 p a r t s per m i l l i o n i 
' . i by volume ; ppm 

1 Gas volumes 
j 

Cubic metre a t s t i n d -
ard c o n d i t i o n s ^ ! m 

Volume emission 
ra t e s 

Cubic metroes par sec 

V e l o c i t y Metres per s.'̂ cond j m/ sec 
r 
1 A i r sampling 

ratesi 
Cubic metres or cubic 
centimetres per 
second 
. _ _ -

L i t r e s per minute m^/sec cra"^/ se c 

l/min 

Temperature Degrees centigrade j °c 

Time of day 00.00 t o 2U.00 hours f hr 

i Pressure i M i l l i b a r s ; mm of Hg-
: - i- . 

irib mm Hg 

V i s i b i l i t y Kilometres . Metres i km m 

L i g h t -
transmission 
r e f l e c t a n c e 

Per cent, transmittance j j %T 
Per cent, reflectance | . | % B. 

P a r t i c l e size Micron (10"^m) Micrometre i yu /<ni 

Wave Is n g t h of 
l i g h t 

M i l l i m i c r o n s (10~^m) 
= nanometre . 

Angstrom (10~''''̂ m) ; ny^ R 
j nm 

^ o r substances of kho-wh molecular weight ppm by volume may be converted t o 
mg/m3 by m u l t i p l y i n g by molecular weight :, 

22.U 

S t a n d a r d conditions r c f o r t o 0°C and standard pressure 1013.25 m i l l i b a r s 
(760mmHg). 

^mn of Hg X 1.3332 equals m i l l i b a r s a t standard temperature, 0°C. 
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temperature and pressTire c o n d i t i o n s should be reported f o r a l l measurements 
i n v o l v i n g comparative or precise s t u d i e s . Normally, the concentration of a i r 
p o l l u t a n t s i n t h i s system should be expressed i n m i l l i g r a m s per cubic metre. 

Some substances occur i n ' t h e a i r in-such low concentrations t h a t the recommended 
mass concentration u n i t {mg/ji?) i s greater by a f a c t o r of 1000 o r more than the 
mass a c t u a l l y e x i s t i n g i n a cubic metre of a i r , P o l y c y c l i c aromatic hydrocarbons 
and analogues, p o t e n t i a l l y carcinogenic, as w e l l as some h i g h l y t o x i c compounds 
are i n t h i s oategoiy. I n such instances, the concentration may be expressed 
as micrograms ^ g ) , nanograms-(ng) or picograms (pg) per cubic metre; 

Computation of the r e s u l t s of atmosphere sampling and analysis would be s i m p l i 
f i e d considerably and the data rendered more e a s i l y a v a ilable f o r comparison i f 
expressed i n the u n i t s recommended i n Table I , I t w i l l be noted t h a t f o r many 
items l i s t e d i n t h i s t a b l e a l t e r n a t i v e -or derived u n i t s are given along w i t h 
the recommended u n i t s . The choice i s one of convenience i n r e p o r t i n g data,, ' 
mainly t o avoid the use of cumbersome decimals. 

A n a l y t i c a l methods 

The r e p o r t "Guide t o the Se l e c t i o n of Methods f o r Measuring A i r P o l l u t a n t s " 
(See B i b l i o g r a p h y ) reviews e x t e n s i v e l y many of the a n a l y t i c a l methods 
c u r r e n t l y i n use. Further research i s however required i n t o a n a l y t i c a l methods, 

a. Background. - A n a l y t i c a l methods f o r measuring a i r p o l l u t i o n range from 
very simple chemical techniques t o h i g h l y complex procedures using elaborate 
instruments. The type and number of analyses which may be re q u i r e d depend on 
the purposes of the study, A simple standard a n a l y s i s may be repeated 
thousands of times and need many man-hours, • On .the other hand, the an a l y s i s of 
a s i n g l e sample may require the e f f o r t s of a research team f o r a number of days 
or weeks, 

b. Simple methods. One of the goals of research i n t o the development of 
a n a l y t i c a l methods i s t o provide simpler techniques, not only t o reduce the 
time taken f o r analyses but t o allow t h e i r use over a wide range of l o c a t i o n s , 
b o t h f i e l d and l a b o r a t o r y , by personnel ranging i n ' q u a l i f i c a t i o n s from volun
t a r y co-operative workers t o t r a i n e d chemists.' Simple methods are p a r t i c u l a r l y 
d e s i r a b l e f o r t h e common p o l l u t a n t s measured r o u t i n e l y i n network operations or 
extensive long p e r i o d f i e l d studies'. 
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c. Sensitive methods. Many exzLsting or p o t e n t i a l l y u s e f u l methods f o r a i r 
po,U-utlon Gtudj.es are lUisenaitive; t h i s i s p a r t i c u l a r l y t r u e f o r many methods 
U-seful i n i n d u s t r i a l hygiene. To overcone t h i s d e f i c i e n c y , more elaborate 
Gampling equipment may o f t e n by required, or a d d i t i o n a l time and equipment f o r 
analysis i n the D.aboratory, While s e n s i t i v i t y ( a b i l i t y t o detect small amounts) 
i s very imporbant i n a i r p o l l u t i o n studies, high p r e c i s i o n (the a b i l i t y t o 
d i s t i n g u i s h between two measurements of nearly, the same magnitude) i s not always 

J . 

important, Usioally p r e c i s i o n o f - 20 per cent, suffices.-

At the present tiT.e^, methods t h a t are both simple and s e n s i t i v e are l a c k i n g 
p a r t i c u l a r l y f o r use 'in the f i e l d . . For more complex studies, e.g., the 
determination of i c n 3 or compcunds by size c l a s s i f i c a t i o n , p a r t i c u l a r l y i n the 
Eub-md-cron size range, the need f o r s e n s i t i v i t y i s paramount, 

§H££ji-:-£. ^g^'fhod.g. A i r p o l l u t a n t s of i n t e r e s t are u s u a l l y present i n a i r 
i n si':.all q u a n t i t i e s often i n combination w i t h other substances. These a d d i t i o n 
a l cubs'uance.s pose pr.rblems i f they i n t e r f e r e w i t h the a n a l y t i c a l techniques 
used f o r a p o l l u t a n t of special i n t e r e s t . Many of our a n a l y t i c a l methods have 
not been inveE'oigated i n s u f f i c i e n t d e t a i l t o enable us t o discern the nature 
and extent of the i n t e r f e r e n c e s i n various p o l l u t e d atmospheres, or how t o 
overcome them or c o r r e c t f o r them. 

e. Organ-j-c p o l l - g t a r i t s , New substances from the chemical and m e t a l l u r g i c a l 
i n d u s t r i e s p o l l u t e the a i r . Studies of t h e e f f e c t s of new organic p o l l u t a n t s 
v:ould'be . f a c i l i t a t e d by the development of s e n s i t i v e and s p e c i f i c methods f o r 
t h e i r i d e n t i f i c a t i o n and measurement. This m y req u i r e a s u b s t a n t i a l e f f o r t 
and expenditure ci' funds. 

Gas-aerosol r e l a t i o n s h i p s . The'role of p a r t i c u l a t e matter i n the possible 
p o t e n t i a t i o n of e f f e c t s of gases on the r e s p i r a t o r y system i s a t o p i c needing 
extensive i n v e s t i g a t i o n and c D . a r i f i c a t i o n , Present techniques are gr o s s l y 
inadeq\iate f o r an understanding of the absorption/adsorption r e l a t i o n s h i p s 
between com.Don gaseous p o l l u t a n t s and p a r t i c u l a t e a i r p o l l u t a n t s and t h e i r 
subsequent e l u t i c n i n the r e s p i r a t o r y system. The s o l u t i o n of t h i s problem may 
reqxiire the use of advanced p h y s i c a l techniques and chemical a n a l y t i c a l methods, 

g. Chemlstry^of the s u l f u r cycle. The chemistry of the s u l f u r cycle i n t h e 
atmosphere i s of widespread i n t e r e s t , because s\ilfates may p o t e n t i a t e the 
e f f e c t s of s u l f u r d i o x i d e . Methods of determining the f a t e of s u l f u r compounds 
i n the atmosphere are needed p a r t d c u l a r l y i n the s u l f u r d i o x i d e / s u l f u r 
t i - l o x i d e / s u l f a t e conversion. Other s u l f u r - c o n t a i n i n g compounds of i n t e r e s t are 
inorganic and organic s u l f i d e s , mercaptans, s u l f i t e s , e t c . 

http://Gtudj.es
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h« Photochemlstiyf .Emissions f r a n automobiles and from the combustion of 
other f o s s i l f u e l s are two important sources of a t m o s p h e r i c ' p o l l u t i o n . I n 
order t o extend our knowledge of the e f f e c t s of these p o l l u t a n t s , studies are 
needed t o f u r t h e r define atmospheric photochemical reactions i n v o l v i n g organic 
compounds, ..The development of a n a l y t i c a l methods i s an i n t e g r a l p a r t of such 
studies,-

i . Tracers f o r meteorological research. A l i m i t a t i o n on the use of t r a c e r s 
f o r atmospheric c i r c u l a t i o n studies, p a r t i c u l a r l y over long distances and f o r . 
extensive time periods, i s the l a c k of non-toxic t r a c e r m a t e r i a l s t h a t are 
stable over the norriial range of the ambient a i r temperature, humidity, s o l a r 
r a d i a t i o n and p r e c i p i t a t i o n . Of greatest promise i n t h i s search are p o l a r 
compounds capable of being detected- i n very minute traces by the use of such 
a n a l y t i c a l techniques as g a s - l i q u i d chromatography w i t h e l e c t r o n capture ' 
d e t e c t i o n . 

j . .Recent developments i n a n a l y t i c a l , chemistry. During the past 10 years, 
developments i n analyticsJL chemistry have, provided unusual o p p o r t u n i t i e s f o r 
greater s e n s i t i v i t y and s p e c i f i c i t y i n a i r p o l l u t i o n measurements. Gravimetric 
and t i t r i m e t r i c methods have been supplemented t o an i n c r e a s i n g degree by. 
spectrophotometry, i n f r a - r e d spectrometry, coulcanetry, g a s - l i q u i d chromatography 
and others. These newer methods are already widely used, y e t none of the 
present a i r p o l l u t i o n reference books include more than b r i e f mention of 
spectrophotometric methods and l i t t l e , i f any, mention of the others. I t i s 
important t h a t a i r p o l l u t i o n studies be conducted w i t h the best a n a l y t i c a l 
methods a v a i l a b l e and t h a t s p e c i a l att;.'ntiou be p a i d t o the p u r i t y of the 
raagents used,' The s i m p l i c i t y , s e n s i t i v i t y , r e l i a b i l i t y and economy ..of many 
of the newer methods should-result i n significant.advances i n the study of a i r 
p o l l u t i o h ' . • I t i s important t o recognize t h a t the high cost of c e r t a i n new 
equipment-may b6 . j u s t i f i e d b y t h e r e s ^ j l t s obtained and the savings i n manpot'Ter 
oostst -

Organic p o l l u t a n t s can now be i d e n t i f i e d and determined i n a most e f f i c i e n t 
manner through the use of g a s - l i q u i d and other types of chromatography, A 
r e l a t i v e l y , few years ago, only a l i m i t e d number of organic compounds- could be 
determined, % d r o c a r b o n i n d i c e s could be measured on a non-discriminatory-
basis. With the i n t r o d u c t i o n of g a s - l i q u i d chromatography, t h e ' c o n s t i t u e n t s 
of complex mixtures of gaseous organic compounds can be separated and i n d i v i d u a l , 
c o n s t i t u e n t s i d e n t i f i e d and determined, W i t h programmed temperature and other 
types of chromatography, high molecular weight organic p a r t i c u l a t e s can be 
nnalvfted. 
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I n f r a - r e d spectrophatometry by i t s e l f , or f o l l o w i n g chromatographic separa
t i o n , has proved u s e f u l f o r t h J study of i n d i v i d u a l a i r p o l l u t i o n problems , 
I n f r a - r e d methods may bo used not only i n the i d e n t i f i c a t i o n and e s t i m a t i o n o f 

organic p o l l u t a n t s f o r researcft, but also i n monitoring systems, e.g. f o r 
earbon monoxide. 

I n s p ecial circumstances, t h i n l a y e r chromatography, mass spectrcanetry, 
f l u o r i m e t r j ^ , phosphorimetry and. polarography can be used i n a i r p o l l u . t i o n 
problems. Those techniques so f a r are used only occasionally f o r r o u t i n e 
measurement, but they are important as research t o o l s for- special problems. 
For example, complex mixtures of hydrocarbons may be d i f f i c u l t t o analyse by 
use of g a s - l i q u i d chromatography alone. Thin l a y e r chromatography can then 
De used as an i n i t i a l step i n which p r e l i m i n a r y separations are obtained and 
the separated components can then bo i n j e c t e d i n t o a gas chromatogiaph f o r 
fina.1 separation, i d e n t i f i c a t i o n and e s t i m a t i o n . Likewise, mass spectrometry^ 
can be used t o i d e n t i f y m a t e r i a l s t h a t have been separated chromatographicaLly, 
FDuorimetry i s b f t e n used, p a r t i c u l a r l y i n conjunction w i t h s p e c i a l observa
t i o n s rade a t very la-.^r temperatures. Likewise, phosphoriraetry provides a 
powerful means f o r m a k i n g - i d e n t i f i c a t i o n s and deterininations when only minute 
amounts-o:rTnaterial are a v a i l a b l e . 

The study of inorganic p o l l u t a n t s i s now made easie r by the a v a i l a b i l i t y of 
new teclmiques, i n c l u d i n g new reagents, and new instruments. One of the o l d e r 
a n a l y t i c a l methods., flame photometry, i s being more widely used than i n the 
past because of new m.ethods of e x c i t a t i o n . O r i g i n a l l y the flame photometers 
TAiere ussd only i n determining a l k a l i metals or a l k a l i n e e a r t h metals. Better; 
methods of e x c i t a t i o n have made i t possible t o use flame photometry f o r other 
determinations, such as the e s t i m a t i o n of magnesium^ zinc and l e a d . The 
technique i s reiiiarkably s e n s i t i v e and q u i t e r e l i a b l e , p a r t i c u l a r l y when i n t e r 
ference e f f e c t s are not serious. 

Of s p e c i a l s i g n i f i c a n c e i s the recent i n t r o d u c t i o n of atomic absorption 
spectroscopy, This technique i s generally as s e n s i t i v e as, or more s e n s i t i v e 
tb^n , e i t h e r flame photometry or emission spectroscopy. More important t h a n 
the s e n s i t i v i t y i s the f a c t t h a t atomic absorption spectroscopy i s i n h e r e n t l y 
s p e c i f i c . The technique i s simple and the equipment r e l a t i v e l y inexpensive a t 
l e a s t when compared t o the cost of emission spectroscopy. The atomic absorp
t i o n of r a d i a n t energy by atoms at the ground state serves as a means o f 

i d e n t i f i c a t i o n comparable t o the emission of radiant, energy by atoms a t e x c i t e d 
s t a t e s . Absorption serves as a means f o r ' q u a n t i t a t i v e e s t i m a t i o n o f minute 
amounts of metals* . • 
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Recent developments of s p e c i f i c s e l e c t i v e and s e n s i t i v e reagents o r r e a c t i o n s -
make possible the d e t e c t i o n and de t e i m i n a t i o n of many substances of i n t e r e s t i n 
a i r p o l l u t i o n work. The great s e n s i t i v i t y made possible by the use of many 
of the re a c t i o n s p e i m i t s d e t e r m i m t i o n s t o be made i n the microgram and nanogram 
range. S p e c i f i c or h i g h l y s e l e c t i v e reactions enable d i r e c t measurements of 
p o l l u t a n t s t o be made, o f t e n w i t h o u t need f o r concern regarding p o s s i b l e 
i n t e r f e r e n c e , Spectrophotometric equipment, upon which many of these t e s t s 
depend, i s f o r t u n a t e l y becoming widely a v a i l a b l e . 

The recent development of ring-oven methods o f f e r s c e r t a i n advantages over 
spectrophotcmetric techniques, p a r t i c u l a r l j f o r a nalysis of r e l a t i v e l y small 
samples c o l l e c t e d over a shore p e r i o d of time. The ring-oven i s a simple, 
inexpensive apparatus which permits separation, concentration and use o f 
chemical means f o r the d e t e c t i o n and determination o f various substances a t 
microgram and nanogram l e v e l s . Ring-oven methods o f f e r g r e a t promise f o r the 
study of airborne particuDjates because they are so s e n s i t i v e , r e l i a b l e and 
convenient, Res'J-ts can be obtained i n which the r e l a t i v e e r r o r s are not more 
than f i v e t o ten per cent,, which are u s u a l l y acceptable a t microgram l e v e l s . 
S p e c i f i c methods are'already a v a i l a b l e f o r the determination of aluminium, 
b e r y l l i u m , , n i c k e l , copper,.iron, z i n c , lead> cadmim, vanadium, antimony, 
'selenium, phosphe/ve,--and suH.phate, Additional'methods are b e i n g developed, 

•k, Mlscellarieous methods. Neutron a c t i v a t i o n i s sometimes used where 
extr e n e l y minute amounts of m a t e r i a l must be stu d i e d . This technique provided' 
great s e n s i t i v i t y and r e l i a b i l i t y and i s sometimes the only method a p p l i c a b l e . 

X-ray spectrometry sometiraes provi-des s p e c i a l i n f o r m a t i o n and my, be used as an 
adjunct t o r i i c r o s c o p i c a l s t u d ies. The microprbbe methods are p a r t i c u l a r l y 
a t t r a c t i v e f o r studying airborne p a r t i c u l a t e s i n s p e c i a l cases. Highly s k i l l e d 
t echnicians are veq:-LrQi and the equipment i s very expensive. The same 
comments apply t o e l e c t r o n microscopy which i s u s e f u l i n the i n v e s t i g a t i o n of 
special problems. 

C e r t a i n electrochemical methods have s p e c i a l a p p l i c a t i o n s i n a i r p o l l u t i o n 
work. Coulomstric t i t r a t i o n s may be used where very s e n s i t i v e and accurate 
methods are re q u i r e d . These methods are p a r t i c u l a r l y a t t r a c t i v e f o r continuous 
monitoring of a i r p o l l u t a n t s . 

Recently automatic instruments have become a v a i l a b l e which are s u f f i c i e n t l y 
s e n s i t i v e f o r atmospheric moasvirements. These employ standard p r i n c i p l e s such 
as c o l o r i m e t r y , c o n d u c t i v i t y , fluorescence quenching and absorp t i o n spectro-
sccpy. 
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B i o l o g i c a l e f f e c t s as i n d i c a t o r s of p o l l u t i o n 

B i o l o g i c a l i n d i c a t o r systems have; bean of very great importance i n , 
i n d i c i t i n g the: haimfulness of p o l l u t i o n to human w e l l - b e i n g . The e f f e c t on 
vegetation, f o r example of s u l f u r d i o x i d e on a l f a l f a or lichens,, o f f l u o r i d e s 
on g l a d i o l i , or of ethyD^ene on the f l o w e r of the tomato p l a n t , are s p e c i f i c and 
semi-quantitative,, though an experienced p l a n t p a t h o l o g i s t may be required t o 
d i f f e r e n t i a t e the e f f e c t s of p o l l u t i o n from those of p l a n t diseases, c l i m a t i c 
changes, or s o i l c o n d i t i o n s , . E f f e c t s of photochemical a i r p o l l u t a n t s on annual 
blue grass (Poa anmia)and p i n t o bean (Phasoolus v u l g a r i s ) have been used t o 
detect and estiiTKte l e v e l s of ozone and peroxyacetyl n i t r a t e i n mixtures. I n 
a d d i t i o n , biochemical studies on p l a n t s help i n the study of the e f f e c t of 
p o l l u t a n t s on human biochemisti^'» 

Man i s , however, the u l t i m a t e b i o l o g i c a l i n d i c a t o r - o f a i r p o l l u t i o n hazards, 
and f o r a t l e a s t one p o l l u t a n t , carbon monoxide, the"human body acts as an 
i n t e g r a t i n g sampler. The d i r e c t absorption of t h i s p o l l u t a n t i n t o the blood 
from the lungs arid the reason-ably wj-.ll-defined uptake and e x c r e t i o n rates 
permit the amount of carbon monoxide'in the blood of non-smokers t o be used 
a t once as-an index.of--exposure w i t h i n the previous f o u r t o e i g h t hours and as 
a numerical guide t o ;the health hazard. By measuring accurately the amount of 
carborimonoxide -in - e q u i l i b r a t e d - e x p i r e d a i r of exposed persons, the h e a l t h 
hazard can be detemined d i r e c t l y and simply w i t h l o s s d i f f i c u l t y than i f the 
same measurement were made i n the-^ambient a i r . 

Serum cholinesterase depression i s another v a l i d b i o l o g i c a l i n d i c a t o r of human 
exposure t o organic phosphorus i n s e c t i c i d e s , which sometimes become general 
a i r p o l l u t a n t s when sprayed from a i r c r a f t , ; 

\ Choice p r p a v l c & s and Instruments 

>. Many devices and instiTiments are a v a i l a b l e f o r the study of a i r p o l l u t i o n . 
They range from simple apparatus f o r i d e n t i f i c a t i o n of a p o l l u t a n t t o elabo
r a t e instruments and techniques f o r q u a n t i t a t i v e measurement of s p e c i f i c 
^substances. The s e l e c t i o n of the method depends on the purpose of. the.;measure
ments^: as discussed p r e v i o u s l y and, i n a d d i t i o n , on a number of p r a c t i c a l 
considerations r e l a t i n g to a v a i l a b i l i t y of m-anpower, money and supporting 
f a c i l i t i e s . 

Nature o f problem 
The s p e c i f i c requirements of the i n v e s t i g a t i o n w i l l f o r the most p a r t 

d i c t a t e the equipment t o be used. For example, simple t e s t s using impregnated 



papers or d o t e c t o r tubes, or i n some cases merely an i n s p e c t i o n of the area, may 
s u f f i c e t o e s t a b l i s h t h a t an a i r p o l l u t i o n problem does e x i s t . The simplest 
and most economical method adequate f o r the task should be selected, unless 
there are s p e c i f i c reasons f o r doing otherwise. On the other hand, p r e l i m i n a i y 
i n v e s t i g a t i o n s may reveal the need f o r a d d i t i o n a l studies v a r y i n g i n scope from 
simple short-term surveys t o extensive long-period i n v e s t i g a t i o n s . As the 
complexity of the i n v e s t i g a t i o n increaaes, the choice of devices and i n s t r u 
ments t h a t may be used i s l i m i t e d by a number of general considerations. 
These are summarized below, 

(a) Cost. A l i j n i t i n g f a c t o r i n most i n v e s t i g a t i o n s i s the money a v a i l a b l e . 
I t i s imperative t h a t the money a l l o c a t e d f o r measurement devices and instrumen
t a t i o n should balance t h a t a l l o c a t e d f o r data a n a l y s i s and i n t e r p r e t a t i o n . 
Too o f t e n i n the past an u n r e a l i s t i c p o r t i o n of the budget has been used f o r 
the c o l l e c t i o n of data, w i t h the r e s u l t t h a t the f i n d i n g s are never s a t i s 
f a c t o r i l y i n t e r p r e t e d , analysed or reported. I n most studies a v a i l a b i l i t y of 
funds w i l l f o r c e a compromise between what i s desirable and what i s p o s s i b l e . 
However, no compromises should jeopardize the basic purposes o f the p r o j e c t . 

(b) A v a i l a b i l i t y . Ready a v a i l a b i l i t y of appropriate equipment i s an lji5)ortant 
c o n s i d e r a t i o n i n . the s e l e c t i o n of apparatus. "Shelf items" are p r e f e r a b l e when 
a v a i l a b l e , p a r t i c u l a r l y because they are r e a d i l y serviced and replaced. 
However, apparatus may i n some cases have t o be b u i l t s p e c i a l l y f o r the j o b , 

( c ) S e n s i t i v i t y and s p e c i f i c i t y requirements. The need t o s e l e c t a device 
w i t h s u f f i c i e n t s e n s i t i v i t y and s p e c i f i c i t y f o r the heeds of the p r o j e c t i s 
s e l f - e v i d e n t . On the other hand^ the s e l e c t i o n of equipment t h a t i s more 
s e n s i t i v e or more accurate than i-equired should be avoided, not'only because i t 
costs more but also because i t may need more a t t e n t i o n and maintenance, 

(d) Sampling time requirements. The determination of the sampling time 
requirements of the p r o j e c t i s extremely important and i s r e l a t e d t o cost. I n 
general, the method of measurement should prcrLde data t o s u i t the. sampling 
time r e q u i r e d . Automatic instruments should not be used when simple equipment 
would s u f f i c e . The f o l l y of s e l e c t i n g complex equipmi3nt i n ...circumstances where 
i t i s not needed l i e s not only i n the production of data which i s never used 
but a l s o i n increased costs f o r i t s analysis and f o r c a l i b r a t i o n , s e r v i c i n g and 
maintenance of equipment. I n many circumstances the s e l e c t i o n of a single 
monitoring s t a t i o n equipped wi.th continuous automatic instruments and w i t h 
o u t l y i n g s a t e l l i t s s t . i t i o n s w i t h simple devices ma/ produce; more i n f o r i m t i o n on 
the• d i s t r i b u t i o n and v a r i a t i o n of p o l l u t a n t s than a number of ^.utomp.tic 
s t a t i o n s a t the same or greater t o t a l c o s t . 



(e) Data output. I n c e r t a i n circuiustancos i t may be d e s i r a b l e t o equip auto« 
matic instruments w i t h d i r e c t d i g i t a l read-out or a tape output f o r automatic 
data processing. However, a oape output i s advisable perhaps only i n cases 
mere.veiy short averaging.periods of, say, l e s s than 30 minutes, are used. I t 
should be pointed-out t h a t a number of steps are r e q u i r e d f o r handling data-
between a tape output and the computer data analysis programme. These consist 
of the production of a d d i t i c . i a l tapes based on i n f o r m a t i o n i n the operator's 
l o g f o r c o r r e c t i o n s , such as omission of c a l i b r a t i o n and instrument malfunction 
periods,, instrument d r i f t , etc,.. The v a l i d i t y of instrument output needs t o be 
checked, p r e f e r a b l y by automatic methods. The d e p e n d a b i l i t y of a u t a n a t i c 
instruments and data output systems a t precent, i s such t h a t tape output should 
be added only d f rea].ly nececcaiy, 

( f ) S e r v i c i n g requirements.. Instruments should be r e l i a b l e enough t o operate 
unattended f o r long periods". This requii-emsnt must be balanced against the 
a v a i l a b i l i t y of t e c h n i c a l manpower t o service and maintain equipment,' The • 
extent and frequency of c a l i b i - a t i o n needed may also a f f e c t the choice of 
equipment f o r a p a r t i c u l a r p r o j e c t , 

(g) ' P o r t a b i l i t y , housing and pa-rer requirements. I n sane cases the choice of 
equipment i s d i c t a t e d by the'need to'use the same instrument a t a n-umber of 
s i t e s , i n which cac'e p o r t a b i l i t y i s dominant requirement. A v a i l a b i l i t y o f 
housing and stable poi-ror s'.7.pply must also be considered. 

Instruments f o r sampling p a r t i c - i l a t e pcl2.ution 

I n a d d i t i o n t o the general requirements discussed above, the s e l e c t i o n of 
equipment f o r sampling and analysis of p a r t i c t i l a t e p o l l u t i o n i s i n f l u e n c e d by 
the s p e c i f i c needs cf tho p r o j e c t . Samp3.ing eq-uipment may be very simple or 
very complicated, and a n a l y t i c a l techniques also vary i n complexity. Types 
of sampling w i t h subsequent analyses may be c l a s s i f i e d as follows:. 

a.. Suspended p a r t i c u l a t e mg.tter. P a r t i c u l a t e matter small enough t o remain 
suspended i n the a i r i s c o l l e c t e d by f i l t r a t i o n , impaction, e l e c t r o s t a t i c 
p r e c i p i t a t i o n or t h e r a a l p i - e c i p i t a t i o n . Analyses may be made i n terms of 
s o i l i n g , t o t a l mass, t o t a l mass of s p e c i f i c chemical components, t o t a l count, 
co\mt by size f r a c t i o n s or chemical composition by size f r a c t i o n s ; other • 
separations 'may be based on d i f f e r i n g p h y s i c a l p r o p e r t i e s . Sampling equipment 
ranges i n complexity from siTr!.ple f i l t r a t i o n devices t o elaborate size 
c l a s s i f i c a t i o n appara.tus, A n a l y t i c a l techniques range from g r a v i m e t r i c 
analyses-for estLniating t o t a l .wsight of p a r t i c u l a t e s t o microHnethods f o r 
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i d e n t i f i c a t i o n of c o n s t i t u e n t s i n d i f f e r e n t size c l a s s i f i c a t i o n s . -The l a t t e r 
methods are e s p e c i a l l y important.when d e a l i n g w i t h p a r t i c l e s i n the sub-micron 
size ranges. 

be S e t t l e a b l e dusit. Dust whi c h ' s e t t l e s out o f the a i r , and• which g e n e r a l l y 
comprises p a r t i c l e s g reater than 10 microns i n diameter., i s c o l l e c t e d i n a 
s u i t a b l e container over long periods of ti i r ; e , and analyses are m.ade t o estimate 
the t o t a l weight or the weight of some s p e c i f i c component. 

c. Emissions, P a r t i c u l a t e s i n emissions may be c o l l e c t e d from the conduit 
systems or stack, p r e f e r a b l y i s o k i n e t i c a l l y , using techniques t h a t w i l l depend 
on the s i z e ' d i s t r i b u t i o n of the p a r t i c u l a t e , humidity and temperature. 

Gases and 'Vapours 

Samples of gases and vapours i n the stmbsphere or i n sources can be 
c o l l e c t e d by employing a number of p h y s i c a l and chemical p r i n c i p l e s . 
Analyses can be made by determination of the mass of s p e c i f i c ccmponehts o r of 
general classes of components. The a n a l y t i c a l techniques t h a t can be used 
range from r e l a t i v e l y simple standard chemical methods t o advanced techniques 
such as chromatography of many types, or chromatography can be used i n con
junct-ion w i t h other methods such as mass spectrometry and spectrophotometric 
analyses of various types. 

Of s p e c i a l i n t e r e s t f o r the i d e n t i f i c a t i o n and d e t e c t i o n of gases and 
vapours i s the use of simple devices such as i n d i c a t o r or d e t e c t o r tubes and 
t e s t papers. These are p a r t i c u l a r l y u s e f u l f o r the i n i t i a l assessment o f a i r 
p o l l u t i o n prcblems, although'they a l i o may be used i n many ot h e r types of. a i r 
p o l l u t i o n i n v e s t i g a t i o n , > 

I n d i r e c t methods ' 

Analysis of p o l l u t a n t s or the e f f e c t s produced by them can be made by 
using n a t u r a l or generated electromagnetic r a d i a t i o n or by a c o u s t i c a l t e c h 
niques. Methods of t h i s 'oype range from simple -smoke de n s i t y evaluations using 
the Ringelmann c h a r t t o advanced techniques nov; under development x * i c h u t i l i z e 
r e c e n t l y disco\-ered p h y s i c a l p r i n c i p l e s or improved p h y s i c a l techniques. 
Included i n the l a t t e r group are passive i n f r a - r e d r a d i a t i o n f o r semi
q u a n t i t a t i v e chemica]- measiirement of plume c o n s t i t u e n t s , i n f r a - r e d r a d i a t i o n 
from atomospheric oxjy'-ĉ en t o make temperature soundings, and l a s e r o r radar 
beam backscatter f o r i n v e r s i o n height determination, e t c . Also included i n 
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"this class c± analyses are those meas'jxing e f f e c t s , such as corrosion panels, 
f a b r i c f a d i n g and a o i l i n g , 

K e t e o r o l p g i c a l measurements 

Since rieteorology.has an important e f f e c t on a i r p o l l u t i o n , meteorological 
equipment may be-needed i n studies of a i r p o l l u t i o n , 

A n c i l l a ry equ:L::;ip.ent . 

Various types of miscellaneous equipment or services are requ i r e d f o r the 
conduct of a i r p o l l u t i o n studies, such as pumps,.flow meters, housitig f o r 
eq-uiprr.ent, p a j e r supplies and data read-'Out systems. Mass production and 
s-bandardiaation of puch de'v-i-ces wo-jl.d be very helpf-ulo 

Renorting r.^ result.s 

For the purposes of general assessment, ' i t i s des i r a b l e t o rep o r t whether 
or not a poj.lutant i s present and i n . what approximate amount in.a s p e c i f i e d 
number of samples f o r specif-ied times, weather conditions and places.. Thus 
the iamediate r e s u l t s may be presented i n the form of a l i s t of p o l l u t a n t 
concentrations present i n . t h e samples obtained. . I f l a r g e numbers of samples 
are analysed, charts, histograms or cum.ulative f r e q u e n c y - d i s t r i b u t i o n s are 
u s e f u l . 

For i d e n t i f i c a t i o n of soui-ces o f p o l l u t a n t s , r e p o r t s of resul-ts shotild 
make i t simple t o dete.xTnine the gradient i n time and space betvreen source and 
sariTpling s i t e under s p e c i f i e d weather conditions, e s p e c i a l l y wind d i r e c t i o n 
and speed. As long as the l a t t e r reqairement.is met, averaged data are 
u s u a l l y aatisfaotoi-y.. However, i f the source s t r e n g t h v a r i e s w i t h time, -the 
t:'2r.es of sampling w?JJ. be of great importance and shovild be reported. 

For assessment of e f f e c t s on health,, a wide v a r i e t y of r e p o r t i n g methods 
are used. Since f o r some p o l l u t a n t s acute e.ffects on h e a l t h are thought t o be 
produced by short exposures, hourly average data, h a l f - h o u r l y average data, 
or continuous measurements are d e s i r a b l e . Such measurements y i e l d very l a r g e 
amor.nts of da-ba f o r the i n t e r p r e t a t i o n of which methods of r e p o r t i n g and data 
reduction are of great iiaportance, Wl-iat one u s u a l l y wj.shes to know i s the 
number of events, the du r a t i o n of these events or the p r o p o r t i o n ' o f the time 
i n the various sampling plans- f o r which a s p e c i f i e d l e v e l of p o l l u t i o n has 
been e.xcaeded. For example; (a) how many times a year (or~month) has 
0.6 mg/m-̂  of SÔ ^ been exceeded, (b) f o r how long was t h i s value exceeded once 



i t occurred, and ( c ) f o r what percentage o f the measuring p e r i o d was i t 
exceeded? 

For some p o l l u t a n t s , such as carbon monoxide, the e f f e c t on people i s 
r e l a t e d t o an exposure long enough t o lead t o an accumulation of the m a t e r i a l 
i n the body. For t h i s p o l l u t a n t , f o u r - or eight-hour averages are s p e c i a l l y 
important b u t , as above, the number anu- d u r a t i o n of events and the p r o p o r t i o n 
of the sampling p e r i o d f o r which c e r t a i n l e v e l s have been exceeded i s d e s i r a b l e . 
F i n a l l y , f o r some p o l l u t a n t s , f o r example lea d , only long-term average exposure 
i s of medical i n t e r e s t . For e v a l u a t i o n of other e f f e c t s , the r e p o r t i n g should 
depend on the source and e f f e c t . 

For assessment of c o n t r o l measures a p p l i e d t o la r g e o r complex sources, 
long-term trends using h i g h l y reproducible methods and the r e p o r t i n g of median 
or average data f o r several years would be u s e f u l or, i f the c o n t r o l measure 
i s a p p l i e d t o a source p o i n t , reports w i l l be needed comparing measurements 
before'and a f t e r c o n t r o l , - . 

For assessment of the r e l a t i o n between weather and p o l l u t i o n , the r e p o r t i n g , 
methods must depend on the s p e c i f i c hypotheses being t e s t e d , b u t mathematical 
models or selected data w i l l o f t e n be d e s i r a b l e , and long-term averages are 
u n s a t i s f a c t o r y . 

When continuous recording, i s used, maximal values are o f t e n reported w i t h 
l i t t l e a t t e n t i o n t o the dependence of maxima on the duration of sampling, the 
i n t r i n s i c averaging time of the instrument, or the p r e v a i l i n g weather c o n d i 
t i o n s . Maxima tend t o conceal a n a l y t i c a l or measurement e r r o r s as w e l l , and 
t h i s i s an a d d i t i o n a l reason why maxima, i f reported, should be r e l a t e d t o the 
underlying frequency d i s t r i b u t i o n . 

The f o l l o w i n g r e p o r t i n g methods are t o be p r e f e r r e d , 
1 , For a s p e c i f i e d p e r i o d of sampling or i n t e g r a t i o n , the r e s u l t s can be 
grouped by frequency of occurrence and a chart drawn up t o show t h i s - or, 
b e t t e r s t i l l , a histogram prepared of tho; percentage frequency f o r , o r 
exceeding, a c e r t a i n c o n centration. 
2. A series of s t r a t i f i e d histograms can be drawn f o r each s i t e , f o r the 
whole d u r a t i o n of the study or f o r selected periods such as a month, a week, 
a l l Mondays, or a l l Tuesdays; or again, i n p o l l u t i o n by motor v e h i c l e exhausts, 
histograms showing data f o r successive hours of the day, but having selected 
a c e r t a i n hour, the scheme of r e s \ i l t s could cover, say, a l l Mondays, a l l 
Tuesdays, or a l l the days o f the week. 



3 , A l l t h a t lias, j u s t been said concerning histograms applies a l s o t o the 
averages o i r e s u l t s , f o r i n a d d i t i o n t o the general average, o f a l l d etemina-
t i o n s , there can be monthly, v^eekly, d a i l y and even hourly averages. The 

/.values averaged shouJ.d be c l e a r l y s p e c i f i e d . , . 
hi I n oyerj'" case the resul.ts should be presented with.a view t o t h e i r being 
i^sed s t a t i s t i c a l l y ; graphs or charts a r e o f t e n p r e f e r a b l e t o t a b l e s or 
f i g u r e s , ~ 
5, A.nother p o i n t of view which'Should not be neglected i s . t h e establishment • 
of a p o l l u t i o n map f o r a c e r t a i n region. The p r i n c i p l e s l i s t e d above are 
again Vci.lid as regaitls the periods of time t o be considered. I n a d d i t i o n the 
use of i s o p l e t h s ( l i n e s connecting p o i n t s of equal p o l l u t i o n ) should be 
attempted, 

6» Wherever p o s s i b l e , i t i s worth while t o b r i n g out the c o r r e l a t i o n s i n . tir;:e 
or space w i t h a p o l l u t i o n f a c t o r . Thus curves showing concentration of a gi-ven 
p o l l u t a n t can be t r a c e d on the same tims'-scale w i t h those showing the emissions 
of a p o l l u t a n t source or of wind speed and d i r e c t i o n , 

• Meteorology and A i r P o l l u t i o n Measurements 

A i r p o l l u t i o n measurements may be made f o r various reasons. I n most cases 
however, meteorological i n f o r m a t i o n should be u t i l i z e d i n judging the s i g n i f i 
cance, of tho r e s u l t s of the measurements. The number and type of meteoro
l o g i c a l m-easurer.ents I'dJLl depend on tho purpose and complexity of the study 
and on the a v a i l a b i l i t y of data and instruments. Generally a v a i l a b l e 
through o f f i c i a l governmental weather agencies are data on temperature, 
humidity, wind speed and d i r e c t i o n and p r e c i p i t a t i o n . Data on temperature 
changes w i t h a l t i t u d e are o f t e n of p a r t i c u l a r u s G V 

Measurements of the CO^ 'content may have s i g n i f i c a n t consequences f o r 
the heat balance of the earth's atmosphere. Observations of c e r t a i n p o l l u t a n t s 
F.ay help i n understanding atmospheric movement. Further, there i s evidence 
t h a t a i r p o l l u t i o n leads t o a decrease i n • • r i s i b i l i t y . Although i t does not 
seem probable today t h a t t h i c k fog w i l l occur e x c l u s i v e l y because of the presen 
of p o l l u t a n t s , j i c o r v i s i b i l i t y c o n ditions may l a s t longer because of them. 

P o l l u t i o n , e s p e c i a l l y by p a r t i c l e s , can also i n t e r f e r e w i t h s o l a r 
r a d i a t i o n . Where p o l l u t a n t s dre examined f o r other reasons, e.g., i n connec
t i o n w i t h - t h e i r i n f l u e n c e on h e a l t h , meteorological f a c t o r s shdald be taken 
i n t o account, as the concentration of p o l l u t a n t s depends on'them as w e l l ! 
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as on the p r o p e r t i e s of the source. Both p o l l u t i o n and meteorological f a c t o r s 
may have e f f e c t s on h e a l t h . 

As long as only a l i s t i n g of p o l l u t a n t s i s aimed a t , there may be no need 
f o r supplementary meteorological data, but they may be needed i n i n t e r p r e t i n g 
the degree of contamination observed i n the a!tmosphere. 

The,most important f a c t o r s i n f l u e n c i n g the concentration of p o l l u t a n t s 
are wind ( d i r e c t i o n and speed) and atmospheric s t a b i l i t y . As a r u l e , i t w i l l , 
not be p o s s i b l e , nor i s i t always necessary, t o measure wind d i r e c t i o n and • 
wind' speed i n every place where p o l l u t i o n measurements are made. The need f o r 
such data- depends on the purpose f o r which p o l l u t i o n i s being measured. 

The meteorological i n f o r m a t i o n a v a i l a b l e can be used w i t h the greatest 
e f f e c t i v e n e s s i f the time during which the p o l l u t a n t i s sampled i s short -
not much longer than, say, one or two hours. As a r u l e , one should proceed 
c a u t i o u s l y when combining the averages or t o t a l s f o r the'concentration of a 
p o l l u t a n t determined over a long time, such as a month, w i t h wind data, 
e.g. w i t h the amount of time during which the wind has a s p e c i f i e d d i r e c t i o n . 
I t could be t h a t the p o l l u t i o n exposure occurs mostly when the wind has 
r e l a t i v e l y uncommon d i r e c t i o n during the obser\ration p e r i o d . 

Atmospheric s t a b i l i t y may vary w i t h wind d i r e c t i o n and wind speed. The 
e f f e c t of s t a b i l i t y , depending on, among other f a c t o r s , the v e r t i c a l temperature 
d i s t r i b u t i o n i n the r e l e v a n t l a y e r , I 3 complex. Stable c o n d i t i o n s tend t o 
suppress v e r t i c a l motions i n the atmosphere, b u t t h i s may have a d i f f e r e n t 
e f f e c t on p o l l u t a n t s o r i g i n a t i n g from high l e v e l sources than on those emitted 
i n t o the atmosphere a t low l e v e l s . I n the f i r s t case ( a t l e a s t as l o n g as 
there i s some wind) the p o l l u t a n t w i l l not, or w i l l r a r e l y , reach the ground; 
i n the second case i t w i l l not be d i f f u s e d upwards. However,- d u r i n g prolonged 
atmospheric stagnation, l a s t i n g perhaps a week or longer, the d a i l y mixing of 
p o l l u t a n t s below elevated inversions should not bo dismissed from co n s i d e r a t i o n . 

I t i s d i f f i c u l t t o o b t a i n r e l i a b l e i n f o r m a t i o n on the s t a b i l i t y of the lower 
200-300 m of the atmosphere. The best way t o o b t a i n t h i s i n f o r m a t i o n i s w i t h 
meteorological towers, but these are; not a v a i l a b l e i n s u f f i c i e n t numbers. On. 
l a n d , the s t a b i l i t y i s greatest d u r i n g the e a r l y hours of the morning and l e a s t 
d u r i n g the afternoon. I t must be s t r o n g l y recommended,- t h e r e f o r e , t h a t i f .. 
observations w i t h a d u r a t i o n of the order of one hour can bo made, t h i s should 
not always be done at the same time o f the day as otherwise a b i a s may be 



intrcduced i n t o the a n a l y s i s , Continuous or rspeated measurements are t o be 
p r e f e r r e d t o demonstrate the d i u r n a l v a r i a t i o n of p o l l u t a n t s . I n p o r t a n t 

'meteorological f a c t o r s are p r e c i p i t a t i o n , which may have a cleaning e f f e c t , 
depending on the size o f the d r o p l e t s as w e l l as on the. p r o p e r t i e s of the 
p o l l u t a n t , and s o l a r r a d i a t i o n , which may give r i s e t o chemical reactions. 
The l a t t e r phenomenon i s more a chemical, than a meteorological-problem, hut 
i t s existence i n d i c a t e s t h a t i t i s not always possible t o compare observations 
on special p o l l u t a n t s a t d i f f e r e n t l a t i t u d e s ^ a l t i t u d e s and seasons. I n such 
cases i t may be of importance t o have i n f o r m a t i o n also w i t h respect t o cloudiness. 

The r e l a t i v e humidity may p l a y a r o l e as c e r t a i n p o l l u t a n t s , by v i r t u e of 
t h e i r e l e c t r o l y t e content, can cause d e t e r i o r a t i o n of the v i s i b i l i t y , as was 
mentioned e a r l i e r . The presence i n the a i r of aqueous f e g d r o p l e t s f a c i l i t a t e s 
the o x i d a t i o n of s u l f u r dioxide t o s u l f u r i c a c i d . , " . 

Reliable' conclusions from a i r p o l l u t i o n observations are ther e f o r e more 
l i k e l y when a i r p o l l u t i o n and meteorological measurements are obtained i n a 
co-ordinated manner. This c o - o r d i n a t i o n should, where p o s s i b l e , begin a t the 
s t a r t of the a c t i v i t i e s , notably when planning the s i t i n g o f the observation 
posts i n order t o make the observations as representative as possible 

The development or e v a l u a t i o n of mathematical models f o r the d i f f u s i o n of 
p o l l u t a n t s from i s o l a t e d p o i n t sources as w e l l as from extended sources l i k e 
c i t i e s must be considered. I t might also be usefvil i f i n f o r m a t i o n w i t h respect 
t o the influence of topography on the d i f f u s i o n of p o l l u t a n t s " could be studied 
by means of mathematical models^ • ' 

Danger t o .man of c e r t a i n a i r poiJLutants 

I n a d d i t i o n t o the e f f e c t s of high concentrations of p o l l u t a n t s i n stagriant 
tiit)an a i r , epidemiological studies i n d i c a t e t h a t concentrations of p o l l u t a n t s 
higher than normal b u t much l e s s than those foimd i n dramatic episodes have 
p e r c e p t i b l e and p o s s i b l y e m u l a t i v e e f f e c t s on susceptible people, . Various 
i n d i c e s of m o r t a l i t y and m o r b i d i t y have been used, some o f which are described 
b r i e f l y below, but obviously the e f f e c t s of sub-acute p o l l u t i o n become more 
r e a d i l y apparent when many susceptible i n d i v i d u a l s are studied. H i t h e r t o , 
studies i n the United Kingdom have f a i l e d t o i n c r i m i n a t e s p e c i f i c a l l y and 
separately e i t h e r smoke or s u l f u r dioxide - the p o l l u t a n t s commonly measured 
as i n d i c e s of p o l l u t i o n . The implementation of the Clean A i r Act i n the 
United Kingdom i s happily l e a d i n g t o the•r e d u c t i o n of p o l l u t i o n by smoke and 
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f u r t h e r studies of the responses t o p o l l u t i o n i n which the smoke/sulfur 
dioxide r a t i o has a l t e r e d may enable the separate r o l e s of these two p o l l u 
t a n t s t o be assessed, 

• Two diseases i n the cause of which a i r p o l l u t i o n i s thought t o play a 
p a r t , chronic b r o n c h i t i s and lung cancer, are demonstrably c l o s e l y l i n k e d t o 
other f a c t o r s , p a r t i c u l a r l y c i g a r e t t e smoking. The study of i n d u s t r i a l 
populations - groups of men exposed i n t h e i r occupation t o high concentrations 
of p o l l u t a n t s suspected of i n f l u e n c i n g the development of the diseases mentioned 
above - i s of s u b s t a n t i a l value. The r e s u l t s o f t e n discourage the acceptance 
of simple hypotheses i n v o l v i n g i r r i t a n t s and c l a s s i c a l carcinogens, 

WHO has sponsored several p i l o t studies of p o l l u t i o n i n p a i r s of European 
c i t i e s and i t s r e l a t i o n t o the prevalence of lung cancer. Results i n d i c a t e 
t h a t t h i s expensive and time-consuming technique i s of very l i m i t e d valuer 
c h i e f l y because no assessment of past exposure i s p o s s i b l e . I f urban environ
mental surveys are made, they should be r e l a t e d t o prospective epidemiological 
s t u d i e s . 

Epidemiological studies using comparable methods of s i m i l a r l y employed 
populations i n London, r u r a l England, eastern c i t i e s i n the United States of 
America, San Francisco and Los Angeles have shown t h a t the persistence of cough 
and sputum i s r e l a t i v e l y common i n a l l the c i t i e s studied and t h a t c i g a r e t t e . 
smoking appears t o be the major cause o f t h i s . The values of pulmonary f u n c t i o n 
t e s t s were nearly i d e n t i c a l i n the c i t i e s on the east and west coasts of t h e . 
United States of America but pulmonary f u n c t i o n t e s t s gave lower r e s u l t s i n 
comparable groups-from r u r a l England and were even lower i n the London popula
t i o n , -The frequency of combinations of p e r s i s t e n t cough and sputum w i t h s h o r t 
ness of bre a t h or d i s a b l i n g acute r e s p i r a t o r y i l l n e s s was greatest i n London, 
les s common i n r u r a l England and l e a s t common i n c i t i e s o f the United States 
of America, These frequencies might p o s s i b l y be r e l a t e d t o a i r p o l l u t i o n . 

Many types of a i r p o l l u t i o n produce unpleasant odours but q u a n t i t a t i v e 
r e l a t i o n s h i p s between s p e c i f i c substances or combinations and the responses of 
various populations need f u r t h e r study. 

I r r i t a t i o n of the eyes and-respiratory t r a c t i s the main symptom caused 
by photochemical p o l l u t i o n of the Los Angeles type. This has been associated 
w i t h o x i d i z i n g m a t e r i a l s i n the a i r . Whether t h i s a s s o c i a t i o n w i l l be found i n . 
other communities i s not c e r t a i n . This type of p o l l u t i o n appears t o aggravate 
the symptoms of some persons w i t h chronic r e s p i r a t o r y c o n d i t i o n s , b u t measure
ment of t h i s e f f e c t has been d i f f i c u l t . 
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Atmospheric CO l e v e l s s u f f i c i e n t t o produce two per cent, oarboxy-
haemoglobin a r e ; r e l a t i v e l y common i n l a r g e c i t i e s having many automobiles, -
Two per cent, carboxy-haemoglobin i n the blood has been shown t o cause i n t e r 
ference w i t h psychomotor f u n c t i o n s b u t whether t h i s can i n f l u e n c e the a b i l i t y 
t o c o n t r o l a motor v e h i c l e needs i n v e s t i g a t i o n . 

Ozone i s known t o be l e t h a l t o animals a t concentrations of 6 ml per 
cubic metre, which i s only s i x times greater than the maximum concentration 
recorded i n Los Angeles. I t was r e c e n t l y shown t h a t exposure t o 0.6 ml per 
cubic metre f o r two hours i n t e r f e r e d w i t h the d i f f u s i o n of gas from the a l v e o l i 
t o the blood i n 11 h-oman subjects. How such e f f e c t s are produced needs t o be 
studied as do the f a c t o r s , i f any, which i n f l u e n c e the s e n s i t i v i t y of d i f f e r e n t 
groups i n the populationt 

Some polj.utants, such as lead , which are stored i n the body, may produce 
t o x i c or other e f f e c t s depending on the amount so stored. No harmful e f f e c t s 
have been observed due t o lead i n the ambient a i r , but f u r t h e r i n v e s t i g a t i o n 
i s needed, 

P o l l u t i o n of i n d u s t r i a l atmospheres by s y n t h e t i c organic chemicals and t h e i r 
intermediates i s cojiraon. The study of the e f f e c t s produced and the determina
t i o n of t o l e r a b l e concentrations i s the province of t h e t o x i c o l o g i s t and • 
i n d u s t r i a l h y g i e n i s t . Outside the f a c t o r y , contamination of the a i r , b y 
s y n t h e t i c organic chemicals i s expected t o occur merely as a phase i n the 
purposeful a p p l i c a t i o n o f these substances t o veget a t i o n , s o i l , and'surfaces 
of b u i l d i n g s and a d d i t i o n a l l y i n the storage of foods and i n the household. 
The problem.s involved i n t h i s t r a n s i e n t type o f p o l l u t i o n are l i k e l y t o be 
l o c a l i n extent and, since the chemical concerned i s already i d e n t i f i e d and 
i t s p r o p e r t i e s Imown.̂  precautions against i t s i n h a l a t i o n can be a p p l i e d 
accordingly. 

P o l l u t i o n of the communal a i r by s y n t h e t i c organic chemicals i s probably 
i n s i g n i f i c a n t . (This h y p o t h e t i c a l problem must c e r t a i n l y be regarded i n the 
l i g h t of the very r e a l contemination of urban atmosphere by " t r a d i t i o n a l " and 
"newer" inorganic substances.) I t i s d o u b t f u l whether the s y n t h e t i c p e s t i c i d e s , 
whether f c r m i i l a t e d as l i q u i d s or powders, can e a s i l y be redispersed i n 
i n h a l a b l e form since t h e i r formulations and the methods by which they are 
dispersed are designed t o produce maximum r e t e n t i o n by the surfaces t o which 
they are d i r e c t e d . Only considerable a t t r i t i o n could produce from these 
a p p l i c a t i o n s p a r t i c l e s t h a t might again become airborne i n sizes small enough 
t o be i n h a l e d . 
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Emissions of s y n t h e t i c organic chemicals by i n d u s t r y arc l i k e l y t o be very 
small, since they are prims products and not wastes. Some comfort i s t o be 
derived from tho f a c t t h a t w i t h i n tho f a c t o r y , any waste s y n t h e t i c organic 
chemicals can be destroyed i n the same way as odoriferous gases by feeding the 
a i r c o n t a i n i n g them i n t o the stack, e i t h e r through the f i r e bed or a t some 
p o i n t before the heat exchanger when the molecule i n - q u e s t i o n may'be completely 
d i s r u p t e d . The d e s t r u c t i o n of scrap organic,, m a t e r i a l such;:as waste p l a s t i c s 
ought- always t o be complete and such m a t e r i a l should never be bu r n t on open 
dumps. 

There i s good reason t o deduce from i n v e s t i g a t i o n s on the p o l l u t i o n of 
a i r b y motor v e h i c l e exhausts t h a t the u l t i m a t e f a t e of organic matter i n the 
a i r may be complete o x i d a t i o n . I t i s undeniable t h a t some chemicals may take 
p a r t i n react i o n s by which i r r i t a n t new substances are: formed as more or l e s s 
l o n g - l i v e d intermediates. This type of p o l l u t i o n can h a r d l y be s a i d t o be due 
t o s y n t h e t i c organic chemicals, b u t exe m p l i f i e s what might f o l l o w the emission 
i n t o the a i r of t r u l y s y n t h e t i c chemicals. 

Long-term dangers o f a i r p o l l u t i o n 

General a i r p o l l u t a n t s w i t h demonstrated or p o t e n t i a l h e a l t h e f f e c t s are 
given i n t a b l e I I , A i r p o l l u t a n t s occurring i n l o c a l s i t u a t i o n s ( a r s e n i c , 
b e r y l l i u m , f l u o r i d e ) are included because serious long-term h e a l t h e f f e c t s 
have occurred i n man and animals l i v i n g i n communities adjacent t o i n d u s t r i e s 
e m i t t i n g these substances, • 

Among the s i x t e e n a i r p o l l u t a n t s o r a i r p o l l u t a n t groups, seven "are thought 
t o have p o t e n t i a l chronic e f f e c t s (colum.n 2) a t l e v e l s a c t u a l l y observed. On 
the other hand (column 3 ) most.of the g e n e r a l l y recognized a i r p o l l u t a n t s may, 
i n appropriate combinations and a t c e r t a i n l e v e l s , become a p o t e n t i a l t h r e a t 
t o h e a l t h . 

These conclusions are derived from t o x i c o l o g i c , studies on animals o r many 
i n d u s t r i a l hygiene experiments and epidemiologic s t u d i e s , ; 

The high r e s p i r a t o r y m o r b i d i t y and m o r t a l i t y rates i n urban areas of . 
Europe -and North America have l e d t o the idea t h a t i n h a l i n g p o l l u t e d a i r has, 
among other t h i n g s , l e d t o chronic r e s p i r a t o r y disease. However, the reported 
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high incidence of chronic b r o n c h i t i s i n smaller towns and v i l l a g e s i n I t a l y 
and Yugoslavia and the frequency of cor pulmonale i n some r u r a l areas'in I n d i a 
suggest t h a t f a c t o r s other than u r b a n i z a t i o n and smoking may be involved. 

The widespread- acute and subacvt.e r e s p i r a t o r y t r a c t i r r i t a t i o n from the 
soot and SO^ type of p o l l u t i o n i n Europe and from photochemical r e a c t i o n 
products i n Los Angeles also has l e d oo a supposition-that long-term e f f e c t s on 
the r e s p i r a t o r y system may'be occurring. Fev? studies o f the r e l a t i o n s h i p 
between acute and longrterm e f f e c t s have been made. 

I n a study .of. the long-term consequences of an acute exposure t o p o l l u 
t a n t s , which caused an immediate r i s e i n m o r t a l i t y i n Donora, i t was found 
t h a t those who only had acute e f f e c t s i n 19U8 but no previous r e s p i r a t o r y 
sjinptoms, showed no increased m o r t a l i t y 10,years l a t e r . 

Mechanisms of p o l l u t a n t a c t i o n and absorp'-fcion, by the r e s p i r a t o r y t r a c t , and 
methods of study 

Mechanisms of long-term e f f e c t s are not w e l l understood. I n parbictolar, 
l i t t l e i s knoTO about the r e l a t i o n of acute r e a c t i o n p a t t e r n s of the airway 
( c a l i b r e narrowing, s e c r e t i o n and cough) and long-term e f f e c t s . 

The r e s p i r a t o r y ' t r a c t , w i t h i n which f o r e i g n , m a t e r i a l once inhaled, may 
come i n t o i n t i m a t e ; c o n t a c t w i t h the body's c i r c u l a t i n g blood, has a number of 
defences,. , 

F i r s t there i s the complex anatpmy of the nasal c a v i t y and upper 
r e s p i r a t o r y t r a c t which causes l a r g e r and heavier p a r t i c l e s t o be deposited 
by impaction and settlement,. Generally, p a r t i c l e s of t h i s size are s i m i l a r t o 
those which are deposited i n d u s t - f a l l j a r s used f o r environmental sampling.. 
Since these p a r t i c l e s do not .reach the deeper p a r t s of -the l u n g , t h e i r h e a l t h 
e f f e c t s are mostly through f o r e i g n body reactions of the conjuncti-va and t h e i r 
long-tena e f f e c t s are probably r e l a t i v e l y unimportant. 

'' The smaller p a r t i c l e s ( l e s s than.about u s u a l l y pass-through the upper 
r e s p i r a t o r y t r a c t t o reach the deep p a r t s of the lung. There they may be 
dissolved, i f s o l u b l e , or ingested by phagocytes i f insoluble,. They are 
sometimes deposited p e r i p h e r a l l y , or f i l t e r e d out by the lymph nodes. I f the 
p a i i i t c l e s are one of the forms of quartz or some other minerals, or b e r y l l i u m ^ 
they may u l t i m a t e l y l e a d t o f i b r o s i s or granulomatosis. 
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Thus i t i s p a r t i c l e size or more p r e c i s e l y i t s f a l l i n g v e l o c i t y t h a t 
determines which p a r t of the r e s p i r a t o r y t r a c t reccdves what dose and type of 
p a r t i c u l a t e p o l l u t i o n . 

By c o n t r a s t , i t i s s o l u b i l i t y of gases which determines the p o r t i o n of the 
r e s p i r a t o r y t r a c t which .becomes the main t a r g e t f o r gaseous p o l l u t a n t s . I n 
high concentrations most of the inhaled s u l f u r dioxide i s absorbed by the mucous 
membrane of the nose and upper r e s p i r a t o r y t r a c t but as the concentration 
decreases, a smaller f r a c t i o n of the inhaled dose i s absorbed by the airway. 

P a r t i c u l a t e p o l l u t a n t s (even i f chemically i n e r t ) and gases such as SO^ 
are capable of causing cha.nges i n airway c a l i b r e measurable by t h e i r e f f e c t s 
on resistance t o a i r f l o w . I t has been shown i n animals t h a t i n e r t p a r t i c l e s 
(NaCl), which alone had l i t t l e e f f e c t , could g r e a t l y augment the e f f e c t of 
s u l f u r dioxide on airway r e s i s t a n c e . From t h i s work teve grown many a d d i t i o n a l 
studies of the e f f e c t s of p a r t i c l e and gas combinations. Three general 
p r i n c i p l e s predominate. F i r s t , the p a r t i c l e surface i s thought t o be a place 
where gas molec-ules can re a c t . An example is- the o x i d a t i o n of SO^ and SO^ 
which i s f a c i l i t a t e d by the a c t i o n of gas and l i q u i d s on a p a r t i c u l a t e surface. 
Thus the l o c a l concentration o f p o l l u t a n t molecules xjhe're a p a r t i c l e impinges 
'on.the surface' of an airway or alveolus'may be much higher than the average 
•predicted"from the assumption t h a t the p o l l u t a n t molecules would be u n i f o r m l y 
d i s t r i b u t e d - t h r o u g h o u t the in h a l e d a i r . - The third-mechanism i s the a b i l i t y o f 
p a r t i c l e s t o c a r r y p o l l u t a n t molecules where they might'not otherwise be c a r r i e d . 
For example, i t has been shewn t h a t f i n e soot p a r t i c l e s w i l l b i n d benzo(a) 
pyrene so f i r m l y t h a t the substance i s c a r r i e d deeply i n t o the l u n g and r e t a i n e d 
there f o r many days, apparently long enough t o cause t r u e squamous' cancer of 
the l u n g i n 70 per cent, of the exposed experimental animals. 

The lung may react i n various ways. Airway narrowing, f i b r o t i c and 
granulomatous r e a c t i o n s have been itEntioned. Extreme airway c a l i b r e changes 
occur i n asthmatics. Secretion of mucus i's one mechanism f o r b u f f e r i n g and 
d i s s o l v i n g gaseous p o l l u t a n t s and t r a p p i n g p a r t i c u l a t e p o l l u t a n t s . Chronic 
b r o n c h i t i s i s a p e r s i s t i n g and exaggerated form of t h i s defence mechanism. 
The e f f e c t on the mucous membrane can lead t o i t s secretory l a y e r being 
thickened or i t s s e c r e t i o n being t h i c k e r or more viscous. The c i l i a r y beat 
may be d i r e c t l y a f f e c t e d . This has been demonstrated experimentally i n 
animals a f t e r exposure t o high concentrations of some of the substances i n 
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p o l l u t e d a i r . I f the l a y e r of mucus i s t h i c k and the r a t e of t r a n s p o r t slowed, 
b a c t e r i a and other inhaled substances may remain i n the lungs a f t e r the i n i t i a l 
d e p o s i t i o n . . -

Studies are needed on the e f f e c t of d i f f e r e n t a i r p o l l u t a n t s on the c l e a r i n g 
capacity of the lung as w e l l as on.the e f f e c t s on c i l i a r y a c t i v i t y , thickness 
and v i s c o s i t y of the mucus. I t i s also important t o study f u r t h e r the absorp
t i o n i n the upper airways of d i f f e r e n t gases such as SO^ and ozone. 

Of the substances l i s t e d i n Table I I , s u l f u r d i o x i d e , s u l f u r i c a c i d , some 
of the s u l f a t e s , and f l u o r i n e are p r i m a r i l y acute, r a p i d l y r e a c t i n g . r e s p i r a t o r y 
t r a c t i r r i t a n t s . . To these may be added other p o l l u t a n t s , b e t t e r known from 
occupational experience, such'as c h l o r i n e , form.aldehyde and a c r o l e i n . 

Reactions t o ozone, n i t r o g e n dioxide and t o some m e t a l l i c oxides may be 
acute and severe, but the onset i s o f t e n delayed f o r some hours. . 

Reactions t o p o l l e n s , c o t t o n and f l a x dust, and castor bean pomace are 
thought t o inv o l v e some immimologic or other time-dependent mechanism. 

Beryllium,.asbestos and n i t r o g e n d i o x i d e have s p e c i f i c long-term e f f e c t s , 
the manifestation-'of.: which may not be f u l l y developed f o r months or years. 

Evidence of long-term e f f e c t s on man 

There have bee'm.aVnumber of r e p o r t s of long-term r e s p i r a t o r y t r a c t e f f e c t s . 
w i t h a suspected .relationship t o a i r p o l l u t i o n . , For a more adequate statement 
about e f f e c t s than can now be made, epidemiologic studies of cardio-pulmonary 
conditions and r e s p i r a t o r y f u n c t i o n must be supplemented w i t h c o n t r o l l e d human, 
and l a b o r a t o r y exposures a t r e a l i s t i c , l e v e l s and w i t h r e a l i s t i c combinations. 
Such.studies i n each instance must take i n t o account the r o l e of c i g a r e t t e 
smoking, of occupational exposures and of extraneous v a r i a b l e s before "cause-
e f f e c t " r e l a t i o n s h i p of a i r p o l l u t i o n and chronic r e s p i r a t o r y conditions' can 
be accepted. ' . 

Chronic non-specific lung disease. B r o n c h i t i s m o r b i d i t y and m o r t a l i t y i n 
Great B r i t a i n have been r e l a t e d ( i n p a r t ) t o a i r p o l l u t i o n by a series of care
f u l s t u d ies. These have been reviewed i n d e t a i l i n the WHO Public Health 
Paper No. 1 ^ (Epidemiology of a i r p o l l u t i p n ) and are thus not discussed' here. 
I n s i m i l a r - s t u d i e s i n other c o u n t r i e s , chronic cough and sputum alone have 
been shown t o have a s i m i l a r prevalence i n many areas- -with d i f f e r e n t l e v e l s of 
p o l l u t i o n and these symptoms occur more f r e q u e n t l y i n c i g a r e t t e smokers than 
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i n non-smokers. However, the. frequency of s h o r t n e s s of b r e a t h and p r o t r a c t e d 
episodes of r e s p i r a t o r y d i s a b i l i t y was g r e a t e r i n London than i n r u r a l England 
or c i t i e s i n other p a r t s of the world. Respiratory f u n c t i o n t e s t s a r e - s i m i l a r 
i n t h e i r p a t t e r n . S i m i l a r l y convincing evidence has been presented from Japan 
t h a t chronic r e s p i r a t o r y conditions are more frequent i n p o l l u t e d areas. 

Emphysema as a reported cause of death i n the United States i s g r e a t e r 
i n urban than r u r a l areas. The r e l a t i o n s h i p of emphysema t o a i r p o l l u t i o n i s 
not y e t proven as c l e a r l y as f o r chronic b r o n c h i t i s but possible d i f f e r e n c e s i n 
r e p o r t i n g chronic b r o n c h i t i s and emphysema may account i n p a r t f o r t h i s . 

Health e f f e c t s of p o l l u t i o n on c h i l d r e n . Studies on c h i l d r e n using n u t r i t i o n a l 
and-respiratory f u n c t i o n t e s t s have shown t h a t anaemia, m o r b i d i t y , a l t e r e d 
development and r e s p i r a t o r y conditions are associated w i t h - a i r p o l l u t i o n . 

Evidence of r e s p i r a t o r y and other e f f e c t s from l a b o r a t o r y studies 

Combined exposures . 

, Table II.shows very c l e a r l y t h a t , a t the ordinary l e v e l s of a i r p o l l u t a n t s , 
or those of the foreseeable f u t u r e , the p o t e n t i a l t h r e a t t o h e a l t h on a l o n g -
term basis may be expected t o a r i s e not from any s i n g l e . a i r p o l l u t a n t as much 
as from a i r p o l l u t a n t s i n combination. Combination may be w i t h . o t h e r a i r .. 
p o l l u t a n t s . o r w i t h i n f e c t i o u s micro-organisms. 

Both animal and epidemiologic studies support t h i s statement on the 
p o t e n t i a t i n g ' e f f e c t s of a i r p o l l u t a n t s . I t . has been shown t h a t a single 
exposure of mice t o trace q u a n t i t i e s (a few ppm) of the r e s p i r a t o r y i r r i t a n t • . 
ozone increased the death-rate of mice e i t h e r p r e v i o u s l y or subsequently 
i n f e c t e d w i t h K l e b s i e l l a pneumoniae. Nitrogen.dioxide a t l e v e l s as low as'" 
0 . 5 ppm s i m i l a r l y synergizod the e f f e c t of t h i s micro-organism but only a f t e r 
n e a r l y continuous exposure f o r more than three months. True squamous cancers 
i n the lungs of mice, s i m i l a r t o those found i n man, were prodiiced by exposing 
the animals f i r s t t o i n f e c t i o n w i t h an i n f l u e n z a v i r u s then t o l a r g e doses of 
ozonized gasoline. I n the animals exposed t o ozonized gasoline alone, there 
were no s i g n i f i c a n t changes; i n those v j i t h i n f e c t i o n alone, approximately . 
e i g h t per cent, showed sqviEimous changes i n the b ronchi co n s i s t e n t w i t h the-
healing process a f t e r i n f e c t i o n , w i t h only an occasional metaplastic change; 
however, 30 per cent, of the animals exposed t o the combination showed squamous 
carcinoma. Thus the i m p o s i t i o n of i n f e c t i o n on an a i r p o l l u t i o n exposure can 
reveal the e f f e c t of a i r p o l l u t i o n . 
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Functional studies 

Use of the whole body plethysmograph has resiolted i n many v a l m b l e 
observations on the e f f e c t s of r e s p i r a t o r y i r r i t a n t s on gaseous f l o w , i n t r a 
p l e u r a l pressure and t i d a l volvune i n b o th man and animal. Changes i n these 
parameters have been r e l a t e d t o known concentrations of SO^, SO^, 0^, s u l f u r i c 
a c i d vapours, auto exhausts and others, alone and i n combination w i t h s o l i d , 
p a r t i c u l a t e aerosols. S i m i l a r l y , the respircmeter may be used t o measure 
changes, both i n animals and man, i n r e s p i r a t o r y f u n c t i o n (0^ consvimption) 
a f t e r i n h a l a t i o n df a i r p o l l u t a n t s and thus provide a s e n s i t i v e measure of 
p h y s i o l o g i c a l a l t e r a t i o n s i n the l u n g . The r a t e o f d i f f u s i o n from alveolus t o . 
blood of carbon monoxide (DLQQ) can be used i n man t o measure the i n t e r f e r e n c e 
of p o l l u t a n t exposure w i t h exchange of r e s p i r a t o r y gases> and i f combined w i t h 
other measurements, such as v i t a l capacity and f o r c e d e x p i r a t o r y voltime, t o 
l o c a t e the s i t e of action, of the a i r p o l l u t a n t . The e f f e c t s oh c i l i a r y beat 
and mucous membranes of the upper r e s p i r a t o r y t r a c t can be used t o estimate 
the p o t e n t i a l f o r harm of a i r p o l l u t a n t s , both p a r t i c u l a t e and gaseous. 
Changes i n thickness of the secretory l a y e r of the mucous'membranes or o f 
v i s c o s i t y of mucus can a l s o be measured. The e f f e c t of a i r p o l l u t a n t s on l u n g -
clearance capacity and study of the r a t e of absorption of gases, vapours and 
p a r t i c u l a t e s i n the upper and lower airways o f f e r a d d i t i o n a l irethods o f 
evaluating the e f f e c t s o f a i r p o l l u t a n t s , ~. 

Biochemical studies ' 

Biochemical measures of various kinds provide u s e f u l i n d i c e s o f derangements 
i n the normal f u n c t i o n i n g o f the organisms. Although the y are o f t e n non
s p e c i f i c , they.are important sources of I n f o r m a t i o n i n t o x i o o l o g i c a l studies i n 
the l a b o r a t o r y and could be u s e f u l l y extended t o the e v a l u a t i o n of the e f f e c t s 
of exposure of humans t o p o l l u t a n t s . Relationship of such changes t o l o n g - t e m 
e f f e c t s i s not g e n e r a l l y known, 

131 
Measurement of the r a t e of release of 1 by the t h y r o i d provides an 

estimate of the t o x i c s t r e s s on the homeostatic mechanism. I n aniittals t h i s 
has been used t o study a i r p o l l u t a n t s o f the r e s p i r a t o r y i r r i t a n t t y pe. The 
method i s capable o f measuring other responses o f the t h y r o i d t o t o x i c stress> 
namely the r e f r a c t i v e and hyperactive s t a t e s . Because o f i t s s e n s i t i v i t y i t 
would be u s e f u l t o make a comparative study o f t h i s method w i t h t h a t of 
behavioural responses. S i m i l a r l y , changes i n adrenal f u n c t i o n i n response t o 
substances e n t e r i n g the r e s p i r a t o r y t r a c t may be measured by determining u r i n a r y 
c o r t i c o i d s . 



36 ^ 

• Q u a n t i t a t i v e measurement of changes i n enzyme a c t i v i t y , the products of 
enzyme a c t i v i t y (body metabolites) or enzyme cofa c t o r s o f f e r b a s i c a l l y sound 
biochemical approaches t o the e a r l y d e t e c t i o n of metabolic a l t e r a t i o n r e s u l t i n g 
from long-^teim exposures t o a i r p o l l u t a n t s . Biochemical i n d i c a t o r s are numerous, 
and s e l e c t i o n should be made t o s u i t the t o x i c o l o g i c needs. 

The single biochemical i n d i c a t o r having probably the broadest a p p l i c a t i o n 
t o chronic metabolic a l t e r a t i o n i n animals i s lung g l u t a t h i o n e (GSH), 
S i g n i f i c a n t d i m i n u t i o n i n lung GSH has been measured i n animals f o l l o v j i n g 
chronic exposure t o a i r p o l l u t a n t s ( o i l s ) , These changes appeared before 
evidence of h i s t o l o g i c a l change. GSH i s a r e q u i s i t e f o r c e l l u l a r membrane 
i n t e g r i t y and f o r the a c t i v i t y of many important enzymes. Thus those enzymes 
which depend on SH groups f o r a c t i v i t y are also-good i n d i c a t o r s o f biochemical 
changes. The change i n serum p r o t e i n r a t i o s , p a r t i c u l a r l y the albumin t o 
g l o b u l i n (A/G) r a t i o s determined by paper e l e c t r o p h o r e s i s , i s a good, general 
i n d i c a t o r ' o f metabolic derangement. U l t r a - v i o l e t a bsorption spectroscopy i s a 
r a p i d way t o d e t e c t and f o l l o w changes i n the blood and t i s s u e s . The more 
s e n s i t i v e immunologic techniques f o r d e t e c t i n g c i r c u l a t i n g or f i x e d antibody 
may be used w i t h c e r t a i n of the more r e a c t i v e . a i r p o l l u t a n t s . Changes i n t h i s 
defence mechanism of the body can have important i m p l i c a t i o n s i n the assessment 
not only of the degree of t o x i c s t r e s s , b u t i n the e l u c i d a t i o n of the mechanir.^ 
of a c t i o n of the p o l l u t a n t . Other immunologic methods have been suggested: 
counting of plasma c e l l s , and the q u a n t i t a t i v e determination o f change i n the 
capacity of the body under t o x i c s t r e s s t o develop antibodies upon immunization, 
Further study i s needed i n these areas.-

E f f e c t s on reproduction and animal genetics 

i n a d d i t i o n t o the "standard operating procedures" of t o x i c o l o g y long used 
f o r the d e t e c t i o n of chronic changes, such as,body-weight, food i n t a k e , organ t o 
body-weight ratios', haematological and h i s t o l o g i c a l changes, very u s e f u l r e s u l t s 
may be expected from the e f f e c t s of low-grade exposures on reproduction of small 
anima-l species (mouse or r a t ) through the F^ generation. 

Storage of p o l l u t a n t 

Trends i n storage and accumulation of i n o r g a n i c and organic p o l l u t a n t s and 
t h e i r metabolites may be determined by spectrochemical or chemical methods i n 
body t i s s u e s and f l u i d s . I n f o r m a t i o n already e x i s t s on the normal accumulation 
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of metals i n man i n some countries t h a t can serve as a baseline from which t o 
judge change i n p o l l u t a n t storage and accumulation. Spectrochemical, b u t 
p r e f e r a b l y , chemical a n a l y s i s of the lung and l i v e r f o r metal s h i f t s of essen
t i a l trace elements Such as copper, molybdenum and zinc reveals remarkable 
changes i n t i s s u e content f o l l o w i n g long-term exposure t o a i r p o l l u t a n t s i n 
animals, 

Production of tumours , 

A h i g h l y s e n s i t i v e procedure i s the use of a lung tumour susceptible s t r a i n 
(e.g. CAF^/jax) of mice of known high tumour incidence. Exposure of t h i s , or 
s i m i l a r , s t r a i n o f mouse t o a i r p o l l u t a n t s and the p e r i o d i c a l examination of the 
lungs f o r tumours, and comparison w i t h s u i t a b l e c o n t r o l s , may-be used t o measure 
the lung-tumour a c c e l e r a t i n g ( o r i n h i b i t i n g ) p o t e n t i a l of the a i r p o l l u t i o i n . 

Control and preven t i o n of a i r p o l l u t i o n 

The c o n t r o l of a i r p o l l u t i o n i s u l t i m a t e l y an engineering problem. I n 
p r i n c i p l e i t should be possible t o reduce the environmental a i r p o l l u t i o n below 
the l e v e l s recaramended by a i r - q u a l i t y guides by applying one or more'of the 
f o l l o w i n g procedures: (a) containment, i . e . prevention of escape of t o x i c 
substances i n t o the ambient a i r ; (b) replacement of c e r t a i n t e c h n o l o g i c a l 
processes or f u e l s by new ones which produce l e s s a i r p o l l u t i o n ; or, 
(c) r e d u c t i o n of concentration of t o x i c substances i n a i r by d i l u t i o n . These 
three engineering methods may be supplemented by r e s t r i c t i o n i n the use of 
substances t h a t may become a i r p o l l u t a n t s , e.g, p e s t i c i d e s . 

Containment can be achieved by a v a r i e t y of engineering methods such as 
enclosure, v e n t i l a t i o n and a i r cleaning, which are h i g h l y e f f e c t i v e , p a r t i c u l a r l y 
i n nuclear s a n i t a r y engineering. I t should, however, be pointed but t h a t t he 
"improvement of containment methods has been accompanied by a considerable r i s e 
i n the operating'cost and- t h a t the economic f a c t o r o f t e n s e r i o u s l y hampers 
t h e i r a p p l i c a t i o n . I t should also be n o t i c e d t h a t containment methods, 
although very e f f i c a c i o u s , are never completely e f f e c t i v e . 

The second p r i n c i p l e of engineering c o n t r o l , t h a t of r e p l a c i n g a techno
l o g i c a l process producing a i r p o l l u t i o n by a new one f r e e of a i r - p o l l u t i n g 
products, has been considerably l e s s successful i n p r a c t i c e . The reason i s 
obvious. The new substitute-process has t o be t e c h n o l o g i c a l l y equivalent t o 
the o l d one i n a l l e s s e n t i a l s such as the q u a l i t y of the f i n a l product, the 
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a - v a i l a b i l i t y of raw m a t e r i a l s , e t c . , and i t has al s o t o be s a t l s f a c t o i y as 
regards cost of pro d u c t i o n . A l l these requirements are d i f f i c u l t t o meet and 
c a l l f o r c o s t l y long-iterm i n d u s t r i a l research, accanpanied by s i m i l a r l y 
eijqjensive and lengthy t o x L c o l o g i c a l research. But s u b s t i t u t i o n may i n c e r t a i n 
cases be the only s o l u t i o n t o a s p e c i f i c a i r p o l l u t i o n c o n t r o l problem. The 
r e s t r i c t i o n o f the use of p o t e n t i a l l y harmful new s y n t h e t i c chemicals depends 
on the a v a i l a b i l i t y of adequate s u b s t i t u t e substances or processes. 

The t h i r d p r i n c i p l e d i l u t i o n should be used only i f the f i r s t two methods 
are not a p p l i c a b l e or are u n s a t i s f a c t o r y f o r e i t h e r t e c h n o l o g i c a l or economic 
reasons, 

I I Water P o l l u t i o n 

Trends and h e a l t h s i g n i f i c a n c e of increasing p o l l u t i o n 

The t o t a l n a t u r a l freshwater resources of the w o r l d and of each general area 
of the world are r e l a t i v e l y f i x e d by hydrologic f o r c e s . The use of these 
resources, however, i s i n c r e a s i n g r a p i d l y as a r e s u l t of continued p o p u l a t i o n 
growth and i n d u s t r i a l expansion. Along many of the major r i v e r s i n h i g h l y , 
developed c o u n t r i e s , f r e s h water i s used over and over again as i t flows from 
highlands t p t h e sea, , Each use changes the q u a l i t y of the water, g e n e r a l l y 
t o the disadvantage of subsequent users and of a'quatic l i f e . There i s a l i m i t 
t o t he waste .'products t h a t a stream o r l a k e can a s s i m i l a t e without. serious 
e f f e c t s on man's p h y s i c a l , mental and s o c i a l w e l l - b e i n g . This l i m i t has been 
reached or exceeded i n many instances. 

I n almost a l l - of the developed c o u n t r i e s , there i s growing concern over 
the ever-increasing i n t r o d u c t i o n i n t o the water of chemicals and r a d i o a c t i v e -
m a t e r i a l s w i t h carcinogenic, t o x i c and p h y s i o l o g i c a l e f f e c t s on man. 

i n s p i t e of the inc r e a s i n g complexity of the mic r o c h e m i c a l - p o l l u t i o n of 
water, the b i o l o g i c a l aspect i s s t i l l important. Water-borne outbreaks of 
ty p h o i d f e v e r s t i l l occur whenever favourable epidemiological f a c t o r s coincide 
w i t h inadequately t r e a t e d water su p p l i e s . High c a r r i e r r a t e s and hi g h resistance 
t o c h l o r i n a t i o n by the enteroviruses are two f a c t o r s i n . t h e prominence of such 
v i r u s diseases a t a time when the e n t e r i c b a c t e r i a l diseases are d e c l i n i n g . 
The c a r r i e r r a t e s of enteroviruses i n c h i l d r e n under 1$ years average .10 per 
cent, i n the United States of America and can be expected t o be much higher i n 
l e s s developed countries. L i t t l e i s known of the c a r r i e r r a t e s o f i n f e c t i v e 
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h e p a t i t i s , but.they may be high, where environmental s a n i t a t i o n i s poor. The 
r e l a t i v e l y high incidence of t h i s disease, the i n c r e a s i n g numbers of a n a l l 
water-borne outbreaks, and the occurrence o f epidemics associated w i t h s h e l l 
f i s h harvested from p o l l u t e d waters support t h i s b e l i e f . 

F r e e - l i v i n g nematodes, protozoa, and r o t i f e r s are the major groups i n 
t h e . z o o l o g i c a l phase of aerobic sewage treatment. They are present i n l a r g e 
numbers i n the e f f l u e n t . When an e f f l u e n t enters a n a t u r a l watercourse, such 
as a stream, i t receives the v i r u s e s , b a c t e r i a , and zoomicrobes c a r r i e d i n the 
e f f l u e n t . I n the treatment p l a n t , the zoomicrobes feed mostly on b a c t e r i a 
growing on organic p a r t i c u l a t e •matter, Neinatodes recovered from e f f l u e n t s 
from t r i c k l i n g f i l t e r s and primaiy s e t t l i n g p l a n t s have been found t o contain 
i n t h e i r gut small numbers of E, c o l i and s t r e p t o c o c c i . Pathogens can survive 
one t o two days i n s i d e the nematodes. I n times of l a r g e epidemics, msSiy"persons 
are discharging pathogens i n t o , the sewage and these nematodes may then serve 
as c a r r i e r s . 

Other zoomicrobes, e s p e c i a l l y swimming c i l i a t e s , feed a c t i v e l y on suspended 
b a c t e r i a , i n c l u d i n g Salmonella and S h i g e l l a organisms, but they are apparently 
incapable of i n g e s t i n g v i r u s e s , which are too small t o be e n t r a i n e d by the . 
c i l i a , . The ingested b a c t e r i a are so r a p i d l y digested t h a t the c a r r i e r problem 
w i t h these protozoa, i f i t e x i s t s , i s very remote indeed. 

Most b i o l o g i c a l p o l l u t i o n can be e f f e c t i v e l y e l i m i n a t e d by most.conven
t i o n a l water p u r i f i c a t i o n systems, but i n many-developing co\mtries the water 
t o which people have access i s not necessarily safe. According t o s t a t i s t i c s 
compiled by WHO, only 20 per cent, of the world's p o p u l a t i o n have access t o 
piped water supplies, and i f h i g h l y developed countries are excluded, only f i v e 
per.cent, of the remaining p o p u l a t i o n enjoy t h i s f a c i l i t y . 

I n . a d d i t i o n t o the chemical and b i o l o g i c a l degradation of surface waters 
and ground waters,"- serious consideration must be given a l s o t o p h y s i c a l p o l l u 
t a n t s , among which heat and r a d i o a c t i v i t y are the most important, 

A high temperature of; surface waters i s accompanied by de-aeration and a 
r e s u l t a n t l o s s of dissolved oxygen, w i t h marked e f f e c t s on the fauna and f l o r a 
o f ; t h e .water,' Not only i s the supply of oxygen reduced but i t s - r a t e of use f o r 
metabolic processes i s increased; hence heat c o n t r i b u t e s doubly t o the 
de-oxygenatioh o f surface waters, Theimal p o l l u t i o n i s a l s o serious i n t h a t i t 
i n t e r f e r e s w i t h the subsequent uses of water by i n d u s t r i e s and m u n i c i p a l i t i e s . 



I t i s not only the p o l l u t i o n of f r e s h water t h a t must be considered. For 
example, migratory f i s h such as salmon pass from the sea, through'estuaries, 
t o freshwater streams. I n many i n d u s t r i a l countries t h e r e are l a r g e towns and 
f a c t o r i e s on t h e banks o f es t u a r i e s , which i n consequence are o f t e n much more 
h i g h l y p o l l u t e d than the freshwater streams emptying i n t o them. This i s 
c e r t a i n l y t he case i n the United Kingdom, where important salmon f i s h e r i e s ^ 
have been destroyed through e s t u a r i e s becoming impassable t o , a d u l t and immature 
salmon, even though the r i v e r s discharging i n t o these e s t u a r i e s are themselves 
comparatively u n p o l l u t e d . 

Chemical contamination of water 

Sources -of p o l l u t a n t s 

The chemical contaminants t h a t enter the surface and ground-waters o f t h e 
ea r t h do so i n three p r i n c i p a l v e h i c l e s : ( l ) wastes and waste waters from 
sewered and unsewered comiTianities; (2) wastes and waste waters from i n d u s t r y 
not connected t o p u b l i c sewerage systems; and (3) surface r u n - o f f and undeiv 
grcund seepage from r a i n f a l l c o l l e c t e d by the drainage systems of urban and 
r a r a l areas. 

W i t h i n sewered communities, households and i n s t i t u t i o n s are major 
c o n t r i b u t o r s of spent s y n t h e t i c detergents, i n d u s t r i e s l e s s so. Conversely, 
i n d u s t r i e s are the p r i n c i p a l c o n t r i b u t o r s of other s y n t h e t i c organic siibstances 
e i t h e r as waste products of t h e i r own manufacture or as spent l i q u o r s from other 
manufacturing processes. Discharges i n t o water vary i n . k i n d and concentration 
i r i t h the nature of the i n d u s t r y and the co n d i t i o r i s of manufacture. The 
concentration and, j.n the case o f non-persistent substances, the nature and 
concentration o f t h e i r intermediate and end-products of decomposition are 
norinally a l t e r e d by sewage treatment before e f f l u e n t s reach water-courses. The 
ki n d and i n t e n s i t y of cleansing operations i s , t h e r e f o r e , important i n chemical 
i r a t e r management. 

I n unsewered ccmrramities discharging ivastes t o the s o i l o r p o s s i b l y t o the 
la n d and thence t o watercourses, undergound waters and surface supplies may 
also be contaminated. Where water i s drawn from the ground and the, r e s u l t i n g 
iraste water i s returned t o i t through nearby l e a c h i n g devices, ^ e n t oliemitsals 
may remain s u b s t a n t i a l l y unclianged i n c o n s t i t u t i o n and concentration. 



. IndustrLss r e q u i r i n g l a r g e q u a n t i t i e s of process or c o o l i n g water are o f t e i i 
s i t u a t e d on i i r p o r t a n t water>-ways. With d i r e c t coimminication between intake 
and discharge through the works, the o p p o r t t i n i t y f o r the release o f u n a l t e r e d 
chemical -waste's by i n t e n t or accident i s increased, 

Runt-off and seepage from r a i n f a l l i n uitian areas appear t o be of importance 
i n modem c i t i e s c h i e f l y when r a t e s of p r e c i p i t a t i o n and t h e i r d\iration are 
high enough t o s p i l l appreciable q u a n t i t i e s of sewage and scourings from com
bined sys-bems of sewerage i n t o waters t h a t are otherwise w e l l p r o t e c t e d against, ' 
p o l l u t i o n during dry weather or when r a i n f a l l i s l i g h t , . Shock loads o f waste 
chemicals may then be poured i n t o r e c e i v i n g waters and t r a v e l downstream i n 
" p i s t o n f l o w " or move about i n l a k e s , ponds and r e s e r v o i r s as slugs h i g h i n 
concentration of p o l l u t a n t s before t h e i r u l t i m a t e d i l u t i o n by d i s p e r s a l . 

About the chemical p o l l u t i o n of so-called n a t u r a l r u n - o f f and seepage, we 
know l i t t l e , but we must assume t h a t these i n t e r m i t t e n t flows contain suspen
sions and leachings of substances added t o c u l t i v a t e d lands, f i e l d s or forests,-

Nature and concentration of p o l l u t a n t s 

Because the chance as w e l l as purposeful water-carriage of waste substances 
i s p a r t of our present, s t r o n g l y hydrologic and h y d r a u l i c c i v i l i z a t i o n , the 
waters t h a t must be drawn upon t o slake the t h i r s t of man and beast conceivably 
cont a i n , a t one time or another, and i n one place or another, every k i n d of 
chemical t h a t man i s winning from nature or-synthesizing f o r h i s use. Hence, 
the degree of p o l l u t i o n w i t h chemicals and the. size of the p o p u l a t i o n a t r i s k 
determine the danger being created. Composition of the p o p u l a t i o n and 
amenability of chemical p o l l u t a n t s t o removal, m o d i f i c a t i o n , or d e s t r u c t i o n by 
common or sp e c i a l i z e d treatment processes are s i g n i f i c a n t but l e s s e r determi
nants, , 

Synthetic detergents. That s y n t h e t i c organic chemicals do reach b o t h surface 
and underground waters and may do so i n appreciable concentration has been 
amply demonstrated by u n s i g h t l y foams covering r i v e r s , ponds and lakes and 
i s s u i n g from springs and w e l l s . Because the p e r s i s t e n t anionic detergents, • 
which are almost wholly responsible f o r these v i s i b l e signs of water p o l l u t i o n , 
are non-toxic i n a p r a c t i c a l sense - although i n f o r m a t i o n on t h e e f f e c t s o f 
long-term i n g e s t i o n on man are not yet f u l l y documented - administrati-ve 
a c t i o n against t h e i r use i s based p r i m a r i l y on a e s t h e t i c grounds. I n water-
supply, hcrt-je-'rar, palatab.-LLity and a t t r a c t i v e n e s s , although secondary t o t o x i c i t y . 
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are not f a c t o r s t h a t can bo l i g h t l y brushed aside. Of f u r t h e r i n t e r e s t i s the 
i n c l u s i o n i n detergent.formulations of s o - c a l l e d b u i l d e r s which contain among 
other t h i n g s , condensed phosphates as sequestering agents. These, too, are 
•non-toxic, yet they are key elements i n the e u t r o p h i c a t i o n of lakes and other-
deep bodies of water. By-providing e s s e n t i a l n u t r i e n t s t o algae, diatoms, 
and other plankton organisms, phosphates increase the number and i n t e n s i t y of 
blooms or sudden growths -of these organisms i n l a r g e numbers, UnsighlJ-y and 
odoriferous scums are formed and i n t e r f e r e w i t h the enjoyment of b a t h i n g 
waters. Moreover, they make the production of adequate amounts of p a l a t a b l e 
drinking-water d i f f i c u l t . 

I d e n t i f i c a t i o n of s y n t h e t i c organic chemicals i n water. With some exceptions, 
the t o x i c hazards of modem s y n t h e t i c chemicals t h a t f i n d t h e i r way i n t o 
d rinking-water are not kno-wn w i t h c e r t a i n t y ; nor can we a n t i c i p a t e r a p i d 
a c q u i s i t i o n of necessary knowledge u n t i l we are able t o i d e n t i f y the nature and 
concentration of the p o l l u t a n t s t h a t may bo of concern. 

Using the carbon-chloroform e x t r a c t technique which i n v o l v e s passage of 
almost 20 000 l i t r e s of r i v e r water through a carbon f i l t e r f o l l o w e d by 
e x t r a c t i o n of the adsorbed m a t e r i a l s by chloroform, i t has been possible t o 
recognize a g r a d a t i o n of r i v e r waters i n the United States of America from 
r e l a t i v e l y clean waters t o waters s e r i o u s l y p o l l u t e d by i n d u s t r i a l wastes. 
Exemplifying l i g h t domestic p o l l u t i o n was the Columbia River a t Bonneville 
Dam, Oregon, -with 2U p a r t s of CCS (carbon-chloroform e x t r a c t ) per 1000 m i l l i o n ; 
e xemplifying heavy i n d u s t r i a l p o l l u t i o n the Kanawha River a t W i n f i e l d , West 
V i r g i n i a , w i t h Û ? p a r t s of CCE per 1000 m i l l i o n . Moreover, the prvasence of . 
DDT, a l d r i n , orthochloronitrobenzeno, t e t r a l i n , naphthalene, c h l o r o e t h y l , e t h e r , 
acetophenone, diphenyl ether, p y r i d i n e , and other n i t r o g e n bases; phenols o f -
various kinds, n i t r i l e s , a c i d i c m a t e r i a l s ; miscellaneous hydrocarbons, 
i n c l u d i n g s u b s t i t u t e d benzene compounds, kerosene, s y n t h e t i c detergents,' 
aldehydes, 'ketones and a l c o h o l s could be i d e n t i f i e d i n the CCE, Some of these 
substances arc known t o be t o x i c . Many other compounds, undoubtedly present,-
remaincd u n i d e n t i f i e d . The a p p l i c a t i o n of chromratographic and spectrophoto
m e t r i c methods have since made analysis easier. I t has been possible t o 
i d e n t i f y i n r i v e r water representative chlorina.ted i n s e c t i c i d e s i n concentra
t i o n s of l e s s than 10 p a r t s per 1000 m i l l i o n by carbon f i l t e r sampling, 
adsorption chromatography, and i n f r ^ - r e d spectrophotometry. 
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Accumulation of contamimnts. Of much s i g n i f i c a n c e i s the f a c t t h a t present 
methods of waste-water treatment leave many dissolved chemicals unchanged. 
Consequently, the concentration of contaminants increases, as water i s re-used. 
Downstream communities are then exposed t o i n c r e a s i n g c o n c m t r a t i o n s and v a r i e t 
i e s of chemical p o l l u t a n t s . I n comparison w i t h the f i g u r e s f o r the Columbia 
and Kanawha Rivers, - f o r example, the heavily" p o l l u t e d D e t r o i t River,near 
Wyandotte, Michigan, and the Merrimack: River a t Lawrence, Massachusetts, 
y i e l d e d r e s p e c t i v e l y U65 and 7L13 p a r t s por 1000 m i l l i o n of CCE, At Chanute, 
Kansas, wastewater r e c i r c u l a t e d through a r e s e r v o i r on the e s s e n t i a l l y dry 
Kaw '-River, contained 992 p a r t s per 1000 m i l l i o n of CCE. 

Pesticides i n water, DDT ,ha.s been found i n a number .of l a r g e r i v e r s of' the-. 
United,States of America i n concentrations of 1 t o 20 p a r t s per 1000 m i l l i o n . 
Pesticides a p p l i e d t o vegetation o r , s o i l f o r the c o n t r o l of a g r i c u l t u r a l pe'sts 
are incorporated i n p a r t i n t o p l a n t s or remain on them as residues, are 
v o l a t i l i z e d i n p a r t or f i x e d i n the s o i l , degraded i n p a r t or l e f t unchanged, 
and u l t i m a t e l y leached i n p a r t from the- s o i l by r a i n f a l l or i r r i g a t i o n .water 
t o appear as r u n - o f f or p e r c o l a t i o n . Transport and, degradation vary -with the 
partiCTilar chemical and i t s contacts. Much has been done t o discover the f a t e 
of p e s t i c i d e s f o r the b e n e f i t of the user of the product; l i t t l e f o r the b e n e f i t 
of water q u a l i t y management. What the s i g n i f i c a n c e i s of a p o t e n t i a l t h r e a t of 
p e s t i c i d a l chemicals t o drinking-water supplies remains t o be shown by f u r t h e r 
•investigations and research, Nevertheless> i t i s d e a r , t h a t the -wide .use of 
chemical p e s t i c i d e s has created a new .water p o l l u t i o n problem which cannot be 
solved i n the same way as problems connected-.with the discharge of sewage and 
i n d u s t r i a l waste have been solved i n t h e past. The economic usefulness of 
i n s e c t i c i d e s i s so great t h a t i n c r e a s i n g q u a n t i t i e s of these ^ n t h e t i c chemi
cals, must bo .expected t o ro-ach water supplies. Accordin.gly we should be 
prepared t o remove them when they appear i n s i g n i f i c a n t concentrations. The . 
-curren-jj t r e n d , however, i s t o avoid , d i f f i c u l t i e s by developing l e s s s t a b l e 
p e s t i c i d e s f o r use: i n a g r i c u l t u r e . • . . ' 

Carcinbgens. Petroleum products and r e f i n e r y wastes are g e n e r a l l y l i s t e d among 
pos s i b l y mtitagenic and carcinogenic substances. That there are surface waters 
i n t o which i n d u s t r i a l p l a n t s discharge wastes containing substances o f t h i s 
nature has already been suggested. The recovery of various p o l y c y c l i c aromatic 
hydrocarbons from sewage sludge has been reported among them the known 
carcinogens, 3,L|.-benzpyrene and 1,2-benzanthracene. SffluiBnts from gas-works,' 



- hh -

r o n - o f f from macadam roads, and atmospheric soot washed from the a i r by r a i n are 
suspected of i n t r o d u c i n g these chemicals i n t o sewage. Carcinogenic aromatic 
amino compounds> such as betanaphthylamine and benzidine, o r i g i n a t e i n dye and 
rubber works and may be released t o p u b l i c sewers together w i t h nitro-analogues 
used i n the production of amino compounds, such as rminoazo-dyes, amino s t i l b e n e s , 
and t r i - and di-phenylmethane dyes. Pharm^^cGUtical f a c t o r i e s , t e x t i l e dyeing • " 
p l a n t s , p l a s t i c - p r o d u c t i o n operations, and r e l a t e d i n d u s t r i e s are other sources 
of these organic substances. Some of the intermodiates such as o r t h o c h l o r o -
nitrobenzene,- have been found i n the M i s s i s s i p p i River i n appr>:'Ciable.,quantities. 
They may b- q u i t e s t a b l e . For example, ohloronitrobenzene discharged t o the 
M i s s i s s i p p i a t St. Louis, Missouri, was s t i l l demonstrable i n water drawn a t 
Mew Orleans, Louisiana, hundreds of miles or m?.ny days' f l o w away. . . • 

I t must be concluded, t h e r e f o r e , t h a t thert^ i s . reason to suspect the presence o f 
p o s s i b l y dangerous compounds i n p o l l u t e d waters and t h a t prolonged or l i f e - t i m e 
consumption of water from polluted- sources w i l l increase the normal burden of 
carcinogens from a l l sourc s; I n the absence of r e l i a b l o methods of analysis 
f o r dangerous compounds, we must t u r n t o l o n g i t u d i n a l epidemiological studies 
of populations a t r i s k t o provide heeded - i n t h i s case, u n f o r t u n a t e l y , only 
ci.rcumstantial - evidence. Ultimate decisions on the conditions and degree of 
ej^Dc&ure of.populations must r e s t on i n f o r m a t i o n derived from c a r e f u l studies 
of the f a t e of p e r t i n e n t chemical p o l l u t a n t s . 

T,oxicological standards 

I n reference t o the newer organic s y n t h e t i c chemicals, there i s an urgent 
need f o r close study of man himself i n r e l a t i o n t o h i s i n g e s t i o n of r e l a t i v e l y 
F,mall amounts of p o s s i b l y dangerous substances over a prolonged p e r i o d of t i m e , 
l o f o r m a t i o n based upon bio-assay through v r r i o u s aquatic organisms, as p r e s e n t l y 
condccted, i s not d i r e c t l y a p p l i c a b l e t o man. Fish, f o r example, can absorb and 
release t o x i c a n t s without necessarily metabolizing them. Accidents, so u s e f u l 
i n i d e n t i f y i n g l e v e l s of acute t o x i c i t y i n industry,, would not necessarily t e l l 
much about chronic poisoning. Current methods of t e s t i n g f o r chronic t o x i c i t y 
on e::perimental animals are normally conQuct-:d on groups of animals which are 
r e l a t i v e l y small when comparcsd w i t h the size o f human populations l i k e l y t o be 
expor-ed. Therefore, e f f e c t s w i t h a low incidence would go undetected. Moreover, 
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studies on animals are not expected f u l l y t o r e f l e c t the e f f e c t s of t o x i c sub
stances on man. Synergism, and a d d i t i v e e f f e c t s of t o x i c a n t s are possible and 
should be studied. 

I n tho circumstances, i t may be possible t o adduce i n f o r m a t i o n from 
experience i n i n d u s t r i a l hygiene, e s p e c i a l l y when tho t o x i c o l o g i c a l data on which 
i n d u s t r i a l standards have been based include animal feeding .experiments as w e l l 
as observations of the r e a c t i o n of s u b s t a n t i a l populations a t r i s k . 

The present f e e l i n g of many p u b l i c h e a l t h a u t h o r i t i e s i s t h a t no p e m i s s i b l e 
concentration should be set a t t h i s time f o r known carcinogens among the new 
chemicals. 

-Aquatic f o o d - s t u f f s 

F i s h and s h e l l f i s h c o n s t i t u t e almost the sole hximan food t h a t comes from 
n a t u r a l waters. The verte b r a t e s are s e n s i t i v e t o a wide v?.riety o f organic 
chemicals.;- Consequently, s u i t a b l e species are used i n bio-assays t o detect \ 
chemical p o l l u t i o n . Since the most probable e f f e c t of chemical p o l l u t i o n of 

'water i s the death of the f i s h t e s t e d , the danger i s e a s i l y recognized. However,, 
i t i s possible t h a t f i s h and other aquatic creatures used as hman food may 
prove unsusceptible t o substances which are very poisonous t o man. For 
example, an "epidemic" of n e u r o l o g i c a l disease was a t t r i b u t e d t o the e a t i n g of 
f i s h t h a t had accumulated a:lkyl mercury conpounds from a f a c t o i y e f f l u e n t 
discharging t o f i s h i n g grounds i n tho sea. This p o t e n t i a l danger underlines the 
need f o r care i n keeping dangerous f a c t o i y e f f l u e n t s away from sources of human 
food, 

' Current problems 

Synthetic detergents and t h e i r residues 

The h i s t o i y of p o l l u t i o n by detergents may serve as an example of the 
consequences of i n t r o d u c i n g a new type o f microchemical contaminant i n t o , the 
aquatic environment, and of the. measures which have been taken t o a l l e v i a t e the 
nuisance caus'ed thereby. The household detergent mixtures which began t o be 

' marketed on a large scale some f i f t e e n years ago, contained as t h e i r e s s e n t i a l 
. component an a l k y l benzene sulfonate (a molecule comprising a benzene mucleus 
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t o which-iras attached a sodiiBB^^ a l k y l chain c o n t a i n i n g 
u s u a l l y -eight or mote carton atomsX^,; When the materials,were f i r s t used,, t h i s 
a l k y l ctiain was branched, a circumstance l a t e r found t o be o f . p a r t i c u l a r impor
tance though the s i g n i f i c a n c e o f i t was not r e a l i z e d when the m a t e r i a l s were 
f i r s t put on t h e market. 

I t soon became apparent t h a t t h i s type of surface-active m a t e r i a l .was 
p a r t i c u l a r l y r o s i s t a n t t o decomposition by b a c t e r i a l a c t i o n . I n t h i s r e j e c t 
i t was very d i f f e r e n t from the soaps which i t replaced, since these undergo 
r a p i d deconposition and do not give r i s e t o any p a r t i c u l a r d i f f i c u l t y i n waters 
t o which they are e v e n t u a l l y discharged. 

Because o f t h e i r resistance t o b a c t e r i a l a t t a c k , the e a r l y forms of a l k y l 
benzene sulfonate were only p a r t i a l l y decomposed d u r i n g treatanent of sewage, and 
a'pproximatiely h a l f the q u a n t i t y o r i g i n a l l y present was subsequently discharged 
w i t h the sewage e f f l u e n t , A c h a r a c t e r i s t i c property of these substances i s t h a t 
they reduce the r a t e a t which oxygen i s t r a n s f e r r e d from the gas ptese to s o l u 
t i o n -in & l i q u i d . Since the p u r i f i c a t i o n of tewage by b a c t e r i a l a c t i o n i s 
e s s e n t i a l l y an aerobic process, e f f i c i e n t s o l u t i o n of oxygen i s v e r y i i t p o r t a n t , 
and expensive methods of a e r a t i o n ar? necessary t.o achieve i t t o t h e desired 
extent.: Thus, the presence o f detergent residues, by i n t e r f e r i n g w i t h t h i s 
process, g r e a t l y increased the c o s t .of sewgige treatment,. I f a d d i t i o n a l a e r a t i o n 
p l a n t was not p r o v i d e d , there was a serious d e t e r i o r a t i o n i n the q u a l i t y of the 
t r e a t e d e f f l u e n t . 

Passing over t h i s , however, the residues discharged t o surface waters also 
caused a.serious d e t e r i o r a t i o n i n t h e i r q u a l i t y . The u n s i g h t l y foaming which 
occurred i n many r i v e r s , p a r t i c u l a r l y below t u r b u l e n t reaches, i s w e l l known. 
Another l e s s obvious, b u t equally important e f f e c t , was t h a t the r a t e of s o l u 
t i o n of oxygen from the a i r b y the surface m-tSr. wis.: reduced,; s the 
processes of ^ i f - p u r i f i c a t i o n below p o i n t s of discharge of sewage e f f l u e n t s . 
Furthermore, i t has'b^sn^heldty; some workers t h a t .d̂ ^̂  residues have an 

. adverse' e f f e c t on aquatic plants:and, eriimals, . This perhaps a p p l i e s where the 
residues arc present i n unusually: high.conoentrations, 

kfter much t e c h n i c a l discussion oh possible •^methods of d e a l i n g with^these 
d i f f i c u l t i e s , i t has now been" i d d e l y cbncluctodth^^ not indeed the 
only) p r a c t i c a b l e step i s t o develop s u b s t i t u t e s f o r the o r i g i n a l form o f 
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surface-active material, more susceptible to b a c t e r i a l attack. This has led to a 
very great 'amount of research by the manufacturers concerned. Many hundreds of 
experimental materials have been tested, and the goal of producing substantially 
or wholly degradable substances on a large scale may now be said to be withi n 
s i g h t . * One clue to the dire c t i o n to be taken was that i t was found that i f 
the a l k y l side chain of carbon atoms was straight Instead of branched, resistance 
to bacterial, decomposition was greatly reduced. Thi's b r i e f history i s presented 
as a background to the more recent problem posed by the increasing use of other 
synthetic organic substances, notably pesticides. 

Other synthetic organic .substances . 

The presence of persistent synthetic organic substances i n sewage could only 
constitute a health hazard i n cases where the effluents reach sources from which 
water i s l a t e r taken for domestic or municipal supplies. I t i s of course assumed 
that the water, from such polluted, sources would be adequately treated and. 
disinfected before d i s t r i b u t i o n . Where t h i s has been done, the evidence, available 
i s that the treated water has no adverse effe c t on human health. For example i n 
the United Kingdom, where part of London's supply i s taken from rivers which have 
received sewage effluents, and part from deep wells, the returns of health 
s t a t i s t i c s submitted by the Registrar General have not so far revealed s i g n i f i c a n t 
differences between health indices of the communities served by the two sources. 
Presumably i f the concentration of these organic b i o l o g i c a l l y .resistant substances 
i s increasing i n waters used fo r public supply, i t i s to the extent that the 
concentration of sewage effl u e n t i n the waters i s i t s e l f increasing. • 

There has, however, been a more rapid increase (at least i n in d u s t r i a l i z e d 
countries) i n the quantities of persistent organic materials discharged into-
water systems from i n d u s t r i a l processes of a l l kinds, f o r example those from, 
the o i l and chemical industries. Some of these substances have been i d e n t i f i e d 
and determined using refined modern techniques. The presence of at least some 
of these contaminants i n water used.as.a source of domestic supply i s certainly 

* A high proportion of the synthetic detergents i n use in- I966 are largely • 
degradable. Whether these substances are more or less toxic than the older 
synthetic detergents i s not yet known. One study suggests that they - or t h e i r 
degradation products - are more toxic to f i s h than the older synthetic detergents. 
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vindesirable. I n many cases, however, a t e c h n i c a l remedy i s a v a i l a b l e , i . e . the 
a p p l i c a t i o n of e x i s t i n g treatment methods or the development of new ones t o 
remove the compounds from the i n d u s t r i a l e f f l u e n t s concerned before t h e i r d i s 
charge. 

Turning t o the sy n t h e t i c organic p e s t i c i d e s , much of the research o n ' t h e i r 
environmental s i d e - e f f e c t s has been undertaken i n the United States o f America. 
Elsewhere, i n the United Kingdom f o r example, the a p p l i c a t i o n of p e s t i c i d e s and 
ensuing w i l d l i f e m o r t a l i t i e s a r e c l e a r l y a t a much lower l e v e l . Nevertheless, 
tho United Kingdom too can p o i n t t o recent noticeable b i r d losses. Much w i l d 
l i f e l o s s a t t r i b u t a b l e t o p e s t i c i d e s does not of course concern aquatic h a b i t a t s . 
However, w i t h s p e c i f i c respect t o the l a t t e r , the American data s t i l l f u r n i s h 
r e l i a b l e evidence t h a t various organisms have suffered harm on a s i g n i f i c a n t 
scale. I t i s mainly on t h i s evidence t h a t we must a t present depend i n p r e 
d i c t i n g what t h e consequences may be i n other countries where increasing'amounts 
of s y n t h e t i c organic p e s t i c i d e s are being used. 

I n the f i r s t place, p e s t i c i d e residues i n concentrations of 0.1 t o $ p a r t s 
per^thousand-million-have been found'in the major r i v e r ^sterns of the United 
.States of America. Such concentrations"are,small, but t h e i r e f f e c t s are f a r -
reaching. .Thus the d i r e c t , t o x i c i t y of : some •p e s t i c i d e s t o f i s h i s extremely 
"high,, as i s shown by t h e - f a c t / t h a t w i t h i n f o u r days,'half of a t e s t sample of 
. t r o u t had d i e d .asa r e s u l t , o f oxposune t o e n d r i n i n a concentration of only 

0.5 pp ,10 .̂ - • " : 

Secondly, i t i s w e l l established t h a t p e s t i c i d e s present i n small amounts 
i n water can be concentrated many-fold by aquatic organisms, i n c l u d i n g algae, 
:^nd t h a t the degree of concentration may thereby increase from l i n k t o l i n k 
i n , the food; clhain. Thus, although f i s h may not themselves bo k i l l e d a t lower 
l e v e l s of such microchemical p o l l u t i o n , j i i g l r bodies may nevertheless c o n t a i n 
s u f f i c i e n t p e s t i c i d e residues f o r the i n g e s t i o n of numbers,of them t o harm or 
cause the death of b i r d s which feed on. them. I n t h i s connection, i t i s very 
relevant t h a t i n the iJnited Kingdom (where despite regular observation and 
in-vestiga-tion no f i s h k i l l s i n surface waters have so f a r been a t t r i b u t a b l e t o 
pes t i c i d e s , except on a very few occasions through abnormal causes such as 
accidental discharges)'the f i r s t i n d i c a t i o n t h a t a serious s t a t e of a f f a i r s 
migh-t be developing was the f i n d i n g of high concentrations of residues i n f i s h -
eating b i r d s , i 



- k9 -

I n t h e U n i t e d S t a t e s o f America t h e r e i s much c i r c u m s t a n t i a l e v i d e n c e f o r t h e 
c l a i m t h a t i n some d i s t r i c t s f i s h e r i e s a r e b e i n g s e r i o u s l y t h r e a t e n e d b y p e s t i c i d e 
h a z a r d s . F o r example,, i n New Y o r k S t a t e r e p r o d u c t i o n o f t r o u t i s known t o have 
been r e d u c e d s i g n i f i c a n t l y a t t h e t i m e when t h e e g g - y o l k ( i n w h i c h DDT had 
a c cumulated) was b e i n g absorbed b y t h e d e v e l o p i n g f r y . I n o t h e r a r e a s t h e r e has 
been massive m o r t a l i t y o f f i s h i m m e d i a t e l y a f t e r p e s t i c i d e s have been a p p l i e d b y 

> s p r a y i n g f r o m a i r c r a f t . Sometimes m o r t a l i t i e s have o c c u r r e d a f t e r t h e , f i r s t r a i n 
f o l l o w i n g t h e s p r a y i n g , and e x p e r i m e n t s i n G e o r g i a d e m o n s t r a t e d t h e t o x i c i t y t o 
f i s h o f r u n - o f f w a t e r f r o m a s p r a y e d a r e a . L o n g - c o n t i n u e d assessments o f t h e 
r e s u l t s o f a e r i a l f o r e s t s p r a y i n g f o r spruce budworm c o n t r o l i n t h e d r a i n i n a g e 
b a s i n s o f many l e a d i n g salmon r i v e r s i n New B r u n s w i c k , Canada, have . f u r n i s h e d much 
s p e c i f i c i n f o r m a t i o n on t h e consequences t o aquati.c organisms. I n most o p e r a t i o n a l 
s p r a y i n g s between 195^ and I960, DDT was a p p l i e d a t I/2 l b / a c r e . A f t e r such 
t r e a t m e n t s , t h e a q u a t i c i n s e c t f a u n a t y p i c a l l y d e c l i n e d s h a r p l y , emergence b e i n g 
n u l l i f i e d f o r up t o - s i x weeks. I t was f o u n d t h a t -the l a r g e r b o t t o m - d w e l l i n g 
s p e c i e s , w h i c h a r e t h e ' p r e f e r r e d f o o d o f l a r g e r p a r r , r e q u i r e d l o n g p e r i o d s t o 
become r e - e s t a b l i s h e d ' q u a l i t a t i v e l y - s t o n e - f l i e s needed a t l e a s t two y e a r s , 
m a y f l i e s t h r e e years^-iahd c a d d i s - f l i e s , f o u r y e a r s . Not u n t i l a f t e r f o u r t o f i v e 
y e a r s w i t h no f u r t h e r v s p r a y i n g d i d t h e 'species c o m p o s i t i o n o f a q u a t i c i n s e c t s 
r e t i i r n t o n o r m a l . - -Ssi^regards'-'direct harm t o f i s h , young salmon o f a l l s i z e groups 
were f o u n d i n g r e a t l y r e d u c e d numbers a f t e r '"spraying, u n d e r y e a r l i n g s b e i n g o n l y 
2 t o 10 per c e n t , as abundant as b e f o r e . S m a l l parr,we're 30 per c e n t , and l a r g e 
p a r r 50 per c e n t , as abundant as i n unsprayed s i t u a t i o n s , and t h e g r o w t h r a t e s o f 
t h e s u r v i v o r s were a f f e c t e d a d v e r s e l y because o f t h e d i s t u r b a n c e o f t h e i r f o o d 
s u p p l y a l r e a d y m e n t i o n e d . Since I96O DDT has been a p p l i e d t o a c o n s i d e r a b l e 
e x t e n t , a t l/k l b / a c r e . S i n g l e a p p l i c a t i o n s a t t h i s dosage have r e s u l t e d i n 
a p p r e c i a b l y l o w e r f i s h m o r t a l i t i e s , and r e c e n t t r i a l s w i t h t h e s y s t e m i c i n s e c t i c i d e , 
Phosphamidon, a t 1/2 l b / a c r e , have i n d i c a t e d t h a t i t i s a p r o m i s i n g s u b s t i t u t e f o r 
DDT, c a u s i n g i n s i g n i f i c a n t harm t o f i s h p o p u l a t i o n s and g i v i n g no d e m o n s t r a b l e 
e f f e c t s on a q u a t i c i n s e c t s i n t h r e e weeks f o l l o w i n g s p r a y i n g . 

Most New B r u n s w i c k young salmon spend t h r e e y e a r s i n r i v e r s m i g r a t i n g t o sea; 
t h e y can be p l a c e d i n t h r e e s i z e groups r o u g h l y comparable t o each y e a r o f l i f e , 
namely u n d e r y e a r l i n g s , s m a l l p a r r and l a r g e p a r r . 



- 50 -

Again, tho employmont of extremely s e n s i t i v e , methods of chemical analysis 
t o i n v e s t i g a t e recent massive f i s h m o r t a l i t i e s i n t h e lower ^ f i s s i s s i p p i r i v e r , 
has.demonstrated.that the concentration of e n d r i n i n the blood of these f i s h 
was s u f f i c i e n t l y high t o have caused t h e i r death. More s u r p r i s i n g l y , i t i s 
now being reported t h a t marine f i s h (even i n conpaaratively open ocean waters) 
are proving t o e x h i b i t measurable concentrations of p e s t i c i d e residues. I n 
f a c t , scjne of the most s t r i k i n g evidence on the accumulation of residues of 
p e s t i c i d e s has come from the examination of estuarine and marine fish,and the 
sea b i r d s feeding upon them. An e a r l y and very w e l l known example,of the 
extent t o which such residues can accumulate i n f i s h - e a t i n g b i r d s , concerns 
Clear Lake, C a l i f o r n i a , United States o f America. I n 1951; and again i n 1957 

• ft 

t h i s lake was t r e a t e d w i t h DDT a t a concentration of 2 pp 10 f o r the c o n t r o l 
of the n o n - b i t i n g gnat, Chaoboras as t i c t o p u s ; a f t e r the second a p p l i c a t i o n , 
breakdown products of the compound were detected a t a l e v e l of 1600 pp 10^ i n 
the f a t t y t i s s u e s of western grebes found dead t h e r e . Very r e c e n t l y , f i g u r e s 
have been obtained f o r the concentrations of DDE and d i e l d r i n i n t h e eggs of 
B r i t i s h f i s h - e a t i n g b i r d s feeding from waters t o which s y n t h e t i c organic com
pounds had never be(?n d i r e c t l y a p p l i e d f o r pest c o n t r o l . As examples o f the 
l e v e l s demonstrated, from 8 t o 28 pp 10^ of DDE and d i e l d r i n t o g e t h e r were 
found i n the eggs of herons (Ardea cinerea) and from 1 ,6 t o 3.2 i n those of 
t e r n s (Sterna spp.). 

Long-term dangers of water p o l l u t i o n 

The establishment of drinking-water standards d i f f e r s i n one notable way 
from a i r standards f o r occupational exposure; the number of substances i n 
water whose l i m i t s are r e g u l a t e d i s kept t o a minimum because the promulgation 
of a standard is-tantamount t o the requirement of p o i i o d i c a n a l y t i c a l checks 
t o assure compliance w i t h the standard, which i s impracticable when hundreds . 
of substances are included. Two r e g u l a t o r y devices ar.:̂ , however, used i n 
water p o l l u t i o n which make i t unnecessary t o t e s t f o r a l a r g e number of i n d i 
v i d u a l substances: 

1 . Use of l i m i t i n g concentrations of i n d i c a t o r substances, e.g. a l k y l 
benzene sulf o n a t e , as an index of s y n t h e t i c detergent p o l l u t a r i t s , water 
re-use and general l e v e l of contamination. 
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2. Use of groTop a n a l y s i s , e.g. t o t a l dissolved s o l i d s (TDS), and the 
s-ubstances -which can be extracted by chlorofoun from carton f i l t e r s 
(CCE) as ind i c e s r e s p e c t i v e l y of inorg a n i c and organic chemical 
p o l l u t i o n . Thus'a single analysis may provide an index of e i t h e r t o t a l 
d issolved mineral o r t o t a l organic p o l l u t i o n ' present. 

_ . . i . 
I n warn climates a much greater d a i l y drinking-water i n t a k e can be expected 

than i n temperate countries, and up t o f i v e f o l d g r e a t e r amounts of water-borne 
p o l l u t a n t s may be ingested. The populations of the former, t h e r e f o r e , might 
ingest as much 'isJtiYQ times more of water-borne p o l l u t a n t s than the l a t t e r , 
w i t h equal concentrations of p o l l u t a n t s i n drinking-water. Much of the work 
on e x i s t i n g standards i s based on i n t a k e i n ton^serate c l i m a t e s , and c r i t e r i a 
f o r t h e i r a p p l i c a t i o n t o warmer areas, should be developed and app l i e d . 
Important mechanisms t h a t produce synergism v i a the r e s p i r a t o r y t r a c t are not 
operative i n the g a s t r o - i n t e s t i n a l t r a c t j an example i s the adsorption o f 
gases and vapours on p a r t i c u l a t e s . The apparently p o t e n t i a t i n g e f f e c t o f micix)-
organisms and p o l l u t a n t combinations i n the lung does not appear t o be of 
importance i n the g a s t r o - i n t e s t i n a l t r a c t . As i n the lung, .however,, the 
p o t e n t i a t e d a c t i o n of carcinogens by promoters and accelerators s t i l l obtains. 

There i s undoubtedly concern by some laymen as w e l l as by s c i e n t i s t s t h a t 
man i s i n g e s t i n g p o l l u t a n t s of food and water which may have now o r i n tho 
f u t u r e adverse e f f e c t s on human h e a l t h . They p o i n t out t h a t . i n d u s t r y i s 
producing many now substances which f i n d t h e i r way, e i t h e r i n t e n t i o n a l l y o r 
u n i n t e n t i o n a l l y , i n t o food and water. They f e a r . t h a t these substances have 
been introduced without s u f f i c i e n t e v a l u a t i o n of t h e i r possible h e a l t h hazards. 

Food may be, q u a n t i t a t i v e l y , a more important source of ingested p o l l u t a n t s 
than water. The. f o l l o w i n g discussion w i l l bo focused on p o l l u t a n t s of water, 
but i n any consideration of he a l t h e f f e c t s of ingested p o l l u t a n t s the. c o n t r i -
b u t i o n of food cannot be excluded. 

Water, as i t occurs i n nature, i s always a d i l u t e aqueous s o l u t i o n o f 
organic and inorganic substances. Potable water i s generally considered t o be 
a colourless, c l e a r s o l u t i o n w i t h o u t unpleasant odour and t a s t e vrtiich contains 
no more than 1^00 mg/l of t o t a l s o l i d s and no more than s p e c i f i e d amounts of 

i 
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TABLE I I I 

SELECTED WATER POLLUTANT? WITH POT^ilNTI/iL LONG-TERM EFFECTS 
(incomplote l i s t ) 

I 
Elements or substances I n d i c a t o r substances 

Arsenic, As, p a r t i c u l - r l y AsO^ 

Barium, Ba 

A l k y l bonz^ne svilfonates, ABS (index 
. of p o l l u t i o n by a l l s y n t h e t i c 
detergents) 

Cadmium, Cd 

Chlorine, C l ^ ( w i t h r e a c t i o n products 
from organic p o l l u t a n t s may i^ve 
t o x i c p o t e n t i a l ) 

Chromium, CrO^ 

Carbon chloroform e x t r a c t , CCE 
(includes most organic ccmpounds 
i n c l u d i n g organic carcinogens-and 
p e s t i c i d e s ) . ; 

Phenol (includes phenols, eresols and 
homologues) 

F l u o r i d e , F T o t a l dissolved s o l i d s , TDŜ  ( i n c l u d e s 
minerals c o n t r i b u t i n g t o "hardness") 

Lead, Pb - .. 

•: Mercury, Kg 

N i t r a t e j^JJO^ 

Gross beta r a d i a t i o n (as an index of 
mixed radioisotopes i n the absence 
of Strontium-^ and alpha-emitters) 

Selenium, SeO^, SeO^ 

Vanadium, V 
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c e r t a i n c o n t a m i n a n t s (WHO I n t e r n a t i o n a l Standards f o r D r i n k i n g - W a t e r - I963). 

I n a d d i t i o n t o s t a n d a r d s o f c h e m i c a l p u r i t y , p o t a b l e w a t e r must a l s o conform t o • 
c e r t a i n s t a n d a r d s o f m i c r o b i o l o g i c a l p u r i t y . 

Not e v e r y p o s s i b l e p o l l u t a n t o f w a t e r , however, i s i d e n t i f i e d i n t h e 
I n t e r n a t i o n a l S t a n d a r d s and t h e r e a r e many p o l l u t a n t s f o r w h i c h s a f e l i m i t s 
have n o t been s p e c i f i e d . Hence w a t e r c o n f o r m i n g t o t h e I n t e r n a t i o n a l Standards 
may, i n f a c t , be u n s a f e and may produce adverse l o n g - t e r m e f f e c t s on h e a l t h . 
There i s no s c i e n t i f i c e v i d e n c e , however, t h a t such adverse e f f e c t s on h e a l t h 
have been produc e d as y e t . There remains o n l y t h e f e a r t h a t t h e y m i g h t occur 
i n t h e f u t u r e . 

The number o f i n o r g a n i c w a t e r p o l l u t a n t s i s s m a l l e r t h a n t h e number o f 
o r g a n i c p o l l u t a n t s . The most i m p o r t a n t i n o r g a n i c p o l l u t a n t s have been i d e n t i f i e d 
i n t h e I n t e r n a t i o n a l S t a n d a r d s f o r D r i n k i n g - W a t e r and s a f e l i m i t s f o r them have 
been recommended. 

M e t a l s i n w a t e r 

M i n e r a l p o l l u t a n t s o t h e r t h a n t h o s e l i s t e d i n t h e I n t e r n a t i o n a l Standards 
f o r D r i n k i n g - W a t e r may occur f r o m t i m e t o t i m e i n s p e c i f i c p l a c e s . I n connec
t i o n w i t h i n d u s t r i a l e xposures, t h e r e a r e about 50 m e t a l s w h i c h a r e o f s p e c i a l 
i n t e r e s t . M e t a l s o f t h e t y p e r e p r e s e n t e d b y l e a d and m e r c u r y c o n t i n u e t o be t h e 
most i m p o r t a n t , b u t many o t h e r m e t a l s such as a r s e n i c , b e r y l l i u m , cadmium, 
manganese, chromium, n i c k e l and vanadium have become o f i n c r e a s i n g t o x i c o -
l o g i c a l i m p o r t a n c e . T a b l e I I I g i v e s a l i s t o f some s e l e c t e d w a t e r p o l l u t a n t s 
w i t h p o t e n t i a l l o n g - t e r m e f f e c t s . 

The g e n e r a l p o p u l a t i o n i s l e s s concerned about i n d u s t r i a l exposure t h a n 
about t h e exposure w h i c h t a k e s p l a c e v i a f o o d , w a t e r and p o l l u t e d u r b a n a i r . 
T h i s exposure i s n o t g e n e r a l l y l a r g e enough t o cause c l e a r l y d e m o n s t r a b l e t o x i c 
c o n d i t i o n s . I t does, however, r e s u l t i n d e p o s i t s o f a number o f s u t s t a n c e s i n 
t h e body. I t i s " p o s s i b l e t o d e m o n s t r a t e t h e presence n o t o n l y o f substances 
v i t a l t o t h e body such as copper, c o b a l t , molybdenim, manganese and z i n c , b u t 
a l s o o f p o t e n t i a l l y t o x i c substances such as cadmium, chromium, vanadium, 
n i c k e l and l e a d . There i s a l s o o r g a n s p e c i f i c i t y f o r c e r t a i n substances 
w h i l e o t h e r substances a r e more e v e n l y d i s t r i b u t e d i n t h e body. C e r t a i n 
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substances have a marked v a r i a t i o n i n r e l a t i o n t o age. The amount of chromium 
decreases w i t h increasing age, w h i l e t h a t of aluminium i n the limgs and cadmium 
i n the l i v e r .and kidneys increases w i t h age. 

Specific- water p o l l u t i o n by mercury has occurred i n the c o a s t a l waters of 
Japan as a rejsult of i n d u s t r i a l waste di s p o s a l . This p o l l u t i o n i n d i r e c t l y 
caused htiman disease and deaths, which were the r e s u l t of e a t i n g f i s h ken from 
the waters. The f i s h had absorbed s u f f i c i e n t mercury from the water t o become 
t o x i c f o o d s t u f f s . Whether the water i t s e l f would have been t o x i c i s hot 
known since i t was not used f o r d r i n k i n g . This emphasizes t h a t p o l l u t a n t s of 
water may. reach man as food o r i g i n a t i n g i n the p o l l u t e d , water. 

In. recant years the p o s s i b i l i t y has been sug,gQstGd that' c e r t a i n metals i n 
concentrations normally p r e s e n t . i n the body might c o n t r i b u t e t o the d e v e l c ^ 
raent of chronic diseases. The hypothesis i s t h a t c e r t a i n e s s e n t i a l metals 
forjm .ccmploxes,. f o r example, i r o n and cobalt i n the p o r p h y r i n chelates, heme 

^ and v i t a m i n B^2" f e a s i b l e t h a t other metals might compete f o r a: l i g a n d 
•with an essential- metal on a metallo-^nzyme. The! a d m i n i s t r a t i o n o f one metal 
. might thus, create an. e f f e c t i v e d e f i c i e n c y of another. Cadmium and mercury, 
stpn^d f o r example i n , kidneys and testes,.might thus~4isplace zinc owing 
• to; t h e i r chelation, w i t h ligands -which normally, chelate -with z i n c , f h i s i s 
.; oply- example, but. other mechanisms may, of course, be considered. The 
possible t o x i c i t y , of trace metals has been r a i s e d i n connection,•with the endemic 
.nephropathy i n . B u l g a r i a , Yugoslavia and Romania. 

Epidemiological studies c a r r i e d but i n ' Japan, the United States, England 
and Sweden have shown higher m o r t a l i t y r a t e s from cr^rebrovascular and c a r d i o -
•yascular dis.pases i n pepplo l i v i n g i i x a r f as w i t h soft:water than i n areas w i t h 
hard water, The amoimt of calcium i n the d r i n k i n g - w a t e r . i s only a few. per 
cent, of what i s ingested i n food. Calcium i n water may, perhaps, b p , c o r r e l a t e d 
w i t h other"substances, e.g. trace elements or organic compononts. Epidemio
l o g i c studies need t o be broadened and the several substances ( f o r example 
magnesiuiii) which might provide f u r t h e r i n s i g h t -iht<> t h i s problem need t o be 
t e s t e d i n t h e ' l a b o i t i t o r y . 
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P e s t i c i d e s i n water 

Another class of water p o l l u t a n t s o f great i n t e r e s t i s the p e s t i c i d e s . 
These are a group of p o l l u t a n t s which are a new hazard, not only t o the people 
who are occupationally exposed, but also p o s s i b l y t o the general popvilation. 
P e s ticides can occur i n vrater, s o i l , food ( i n c l u d i n g m i l k , f r u i t s , - and f i s h 
li-\rLng i n p o l l u t e d waters), and i n a i r , e s p e c i a l l y i n r u r a l areas and where 
they are widely wsed f o r a g r i c u l t \ i r a l purposes. 

The p e s t i c i d e s i n greatest use today are organic compounds of some 
cmiplexj-ty, although p e s t i c i d e s based on arsenic,'lead and mercury are s t i l l 
used. P e s t i c i d e s roach viatcr supplies d i r e c t l y as the r e s u l t o f the i n t e n 
tiona l - a p p l i c a t i o n f o r the c o n t r o l o f pests i n tho water, or u n i n t e n t i o n a l l y 
from l u n - o f f from a g r i c u l t u r a l areas, from careless a i r c r a f t spray a p p l i c a 
t i o n t o adjacent f i e l d s , from i n d u s t r i a l waste disposal and by ground-water 
and subteri^anean water t r a n s f e r . 

Much i s known about the t o x i c e f f e c t s of the organic p e s t i c i d e s when 
ingested. The acute and subacute t o x i c e f f e c t s are known f o r a number of• 
animals and,' i n many instances, f o r man. I f the p e s t i c i d e i s t o be used on 
raw a g r i c u l t u r a l products, the chronic t o x i c e f f e c t s w i l l have been evalu
ated -in r a t s and pcsrhaps i n dogs based on the a d d i t i o n of the p e s t i c i d e t o 
the d i e t f o r ^ r i o d s of up t o two years, o r on the demonstration t h a t the 
p e s t i c i d e i s metabolised to'one or more other products whose chronic t o x i c i t y 
i s known. This i n f o r m a t i o n , which would u s u a l l y include a l e v e l of d i e t a r y 
i n t a k e which produces no detectable adverse h e a l t h e f f e c t s over the feeding 
p e r i o d , i s u s u a l l y a p i ^ l i m i n a i y t o the establishment of a maximum permissible 
reisid-ue on raw a g r i c u l t u r a l products. 

While there i s some experience w i t h acute t o x i c e f f e c t s of p e s t i c i d e s 
on man, r e l a t i v e l y few examples of chronic t o x i c e f f e c t s on man have been 
recorded. 

The t o x i c i t y of the more ^jnportant p e s t i c i d e s i s rev3j3wed i n the FAO/ 
WHO p u b l i c a t i o n E v a l u a t i o n of tho t o x i c i t y of p e s t i c i d e residues i n food. 

The i l l - e f f r c t s of i n g e s t i n g i n water very small amounts of p e s t i c i d e s , 
" - i f they occur, have y e t t o be demonstr^.ted. I n the absence of d i r e c t human 
experience, r e l i a n c e must be placed on exDerimonts on l a b o r a t o r y animals. 
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•The nature of these ejqperiirients. w i l l va'iy according t o tho p r a c t i c e of 
d i f f e r e n t nations-,'but t h e basic p r i n c i p l e s of such work are's«b f o r t h i n 
WHO Technical Report Series No. lUU (Procedures f o r the t e s t i n g of 
i n t e n t i o n a l food a d d i t i v e s t o e s t a b l i s h t h e i r s a f e t y f o r use). I n general, 
such i n v e s t i g a t i o n s i n clude the feeding of, the p e s t i c i d e t o r a t s , and, i n 
some countries t o dogs also, as a p a r t of t h e i r d i e t f o r two years., Several 
dietar^/ I c v r ' l s of the p e s t i c i d e are fed, and the lowest dose l e v e l should be, 
so selected t h a t the animals r e c e i v i n g i t throughout the txvo-year p e r i o d 
w i l l be expected t o show no d i s c e r n i b l e . i l l - e f f e c t s . Two years cover the 
most of the l i f e - s p a n of t l j e r a t . 

, The r e s u l t s of the marjy experiments on anima.ls which have-been c a r r i e d 
out lead t o the f o l l o w i n g conclusions: . 'r • . ̂  . 

1, .The chronic t o x i c e f f e c t s o f the p e s t i c i d e d i m i n i s h w i t h decreasing 
.do.se... 
2. . . A :1PW, but s t i l l f i n i t e , dose levcsl can be found which i n the l i f e t i m e 
of ths. r a t i and f o r two years of the l i f e of the dog, produces no detectable 
t o x i c e f f e c t s , as. measured by growth J behaviour, l i f e - s p a n ^ reproduction, b i o 
chemical and: haeraatological 
examination. 

values, and by gross and microscopic p a t h o l o g i c a l 

Such Ibw l e v e l s are c a l l e d " n o - e f f e c t " l e v e l s and i n the United.States a 
residue tolerance f o r a p e s t i c i d e on s p e c i f i e d rhw a g r i c u l t u r a l products muist 
be derived'from a demonstrated n o - e f f e c t l e v e l by the a p p l i c a t i o n of a f a c t o r 
of safety, u s u a l l y of the order of 100, designed t o take account of the f a c t 
t h a t man may be more s e n s i t i v e t o tho p e s t i c i d e than the l a b o r a t o i y animals 
used. , . . : • • . , , • • • ] • . : : . 

I t may bo objected t h a t conclusions based on animal experiments are not 
re l e v a n t t o oan. Drug e f f e c t s i n man, howsvisr, do f o l l o w the general r u l e s 
deduced from animal expferimdnts i n t h a t e f f e c t s d i m i n i s h w i t h decreasing 
dose and disappear'at some small b u t a e f i n i t e dose. Also the methbd used by 
ths Dhitcd.StateS Food and D^rug A d m i n i s t r a t i o n t o e s t a b l i s h safe residue 
l e v e l s of p e s t i c i d e s i n food has been based oh animal ejtperiitents and there . 
i s ho Sbiind e'vidence as yet |that the method has l e d t o ar^r serious f a u l t y 
coiiclusioris. 
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Knowledge of the chronic e f f e c t s of p e s t i c i d e s i n man would be much gre a t e r 
i f t h e r e were seme way of studying them d i r e c t l y i n man.' D i r e c t e:q)eriments o f 
the-type required t o o b t a i n the most r e l e v a n t i n f o r m a t i o n , however, are excluded 
on many grounds. • . ' 

. The r i s k of exposure t o p e s t i c i d e s i s widespread. For example, i n those 
engaged i n the manufacture of p e s t i c i d e s as w e l l as those who formulate and use 
them r e g u l a r l y . Persons who l i v e or work i n or near areas where p e s t i c i d e s are 
r e g u l a r l y used may be i n a d v e r t e n t l y eaposed. Thus, symptoms o f s e n s i t i z a t i o n , 
g a s t r o - i n t e s t i n a l , r e s p i r a t o r y , nervous and ophthalmic manifestations have been 
observed i n people l i v i n g i n contaminated areas. 

I l l S o i l P o l l u t i o n ; 

Magnitude and h e a l t h s i g n i f i c a n c e 

S o l i d wastes are generated from domestic, i n d u s t r i a l and a g r i c u l t u r a l sources. 
For domestic waste, the per cap i t a q u a n t i t y of t r a s h and garbage v a r i e s consider
ably from country t o . c o u n t r y depending on the l e v e l of economic development and 
s o p h i s t i c a t i o n . I n me t r o p o l i t a n Los Angeles, f o r example, the t o t a l amount of 
s o l i d domestic wastes i n 1962 equalled about 11+00 g. per c a p i t a per day as 
c o l l e c t e d , o r about 760 g. per capita per day on-a dry weight b a s i s . I n 
co n t r a s t the t o t a l increment of s o l i d s between the water supply and t h e waste 
water c o l l e c t i o n ! system amounted t o l e s s than 200 g. per c a p i t a per day ( d i y 
w e i g h t ) . Hence, t h i s m e t r o p o l i t a n area r i d s i t s e l f of over three times as much 
dry weight by the s o l i d route as by the l i q u i d one. The annual operating cost 
f o r s o l i d waste c o U o c t i o n and disposal i s about three times t h a t f o r the hand
l i n g of l i q u i d wastes. 

S o l i d wastes of domestic o r i g i n may be i n c i n e r a t e d , composted, dumped on 
the l a n d , b u r i e d or barged t o sea. Each form of handling produces problems o f 
p u b l i c h e a l t h . Burning and composting account f o r th-^ organic wastes.only and 
the ash or in o r g a n i c p o r t i o n must s t i l l be disposed o f . I n c i n e r a t i o n , even i n 
the most e f f i c i e n t i n c i n e r a t o r s , causes a i r p o l l u t i o n , ' e s p e c i a l l y by n i t r o g e n 
oxides. Gcsnposting and open dumping may increase the po p u l a t i o n of f l i e s , r a t s 
and other vectors of disease. Buried organic wastes are subject t o anaerobic 
decomposition and the production of methane and carbon dioxide may r e s u l t i n 
p o l l u t i o n of ground waters. Barging wastes t o sea dumps may cause subsequent, 
fl o t s a m and beach p o l l u t i o n . 
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I n d u s t r i a l s o l i d wastes have major economic i m p l i c a t i o n s but they are generally 
, not 2 •di f e c t hazard t o h e a l t h / ExdeptionS can, of course, be c i t e d . Major prob
lems ariSti--w^heri'solid i n d u s t r i a i l wastes are burned or i g n i t e spontanoously, thereby 
adding-Wo a i r p o l l u t i o n , or t i r e allot-jed t o be leached by r a i n f a l l - w i t h consequent 
p o l l u t i o n of surface or ground waters. The s t r i p mining of coal, the formation 
of mquu:tf.ins of slag, and the t a i l i n g s from mines a l l represent exanples. of s o l i d 
i n d u s t r i a l wastes defacing the land and rendering i t u n f i t f o r many subsequent 
uses. Important problems develop from the .need t o dispose o f r a d i o a c t i v e wastes 
from reactors and nuclear research f a c i l i t i e s by b u r i a l of s o l i d wastes on l a n d or 
a t sea. 

Solid, a g r i c u l t u r a l wastes should, not c o n t r i b u t e t o environmental, p o l l u t i o n , 
f o r . p l a n t m a t e r i a l iSf,npnjially returned t o the s o i l . The concentration o f these 
wastes at. t r a n s f e r , s t a t i o n s , canning or packaging p l a n t s , and produce yards, how
ever, has created a problem. Here, huge accumulations o f organic d e b r i s may. 
(^compose, lea c h f r m r a i n f a l l , a t t r a c t disease vectors e t c . , w i t h r e s u l t a n t 
p o l l u t i o n o f i^he environment, 

'Chemical contamination of the s o i l . 

• Chemical p'ollutio.Ti of the, s o i l r e s u l t s from the unintended or i n c i d e n t a l - c o h -
taraina'tioir of the. s o l i w i t h man-made chemicals.. The. pcLLutants can reach man . 
thrpugh.'the, ground-water, the ;run-off or drainage water, and the p l a n t s used as 
food or forage f o r domestic animals - and t o a smaller degree i n w i l d l i f e . r -

serving as food. Therefore, the p o l l u t a n t s must be water-soluble and e n t e r t h e , 
s o i l moisture or the water p e r c o l a t i n g through the s o i l . Plants may draw t h e i r 
moisture from e i t h e r source. Seeds dressed w i t h p e s t i c i d e s may however be picked 
up by b i r d s and harm them, and i n s o l u b l e residues on vegetation may be ingested 
by c a t t l e . : 

Genuine s o i l contains many inorganic and^organic substances.soluble i n . 
,water. They are the products of the weathering and decay of minerals and the 
degradation of organic matter. By m i c r o b i a l a c t i o n these sub.stances are normally 
oxidized, i n the main t o inorganic, oxides, but some organic confounds reaching 
oxygen-free ground-water may not be f u l l y oxidized. Humus substances are found 
even i n the best watersj together w i t h small amounts of so-called t r a c e elements. 
I n nature, the s o i l gets some of i t s coii¥)onents from the a i r - e.g. the iodide 
from a n a l l d r o p l e t - n u c l e i generated by the seas- - and from wastes from the 
burning of f o s s i l f u e l s . 
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F e r t i l i z e r s are intended t o f o r t i f y the s o i l f o r the r a i s i n g o f crops, b u t 
i n c i d e n t a l l y may contaminate the s o i l w i t h t h e i r i m p u r i t i e s . I r r i g a t i o n of f a m -
lands and orchards may do t h i s i f the source o f vrater i s p o l l u t e d by i n d u s t r i a l 
wastes t h a t c o n t a i n s y n t h e t i c organic chemicals. i ' 

During the l a s t few decades, herbicides, i n s e c t i c i d e s , f u n g i c i d e s , s o i l 
c o n d i t i o n e r s and fumigants have produced i n t e n t i o n a l a l t e r a t i o n s o f a g r i c u l t u r a l , 
h o r t i c u l t u r a l and s i l v i c u l t u r a l s o i l s . The chemicals used may a c c i d e n t a l l y 
p o l l u t e the s o i l water. 

The s o i l must bo regarded as a l i v i n g caranunity of f u n g i , b a c t e r i a , protozoa 
and metazoa. Fumigants and s o i l c o n d i t i o n e r s are unstable and metabolized by-
the microorganisms of the s o i l . For example, even the c h l o r i n a t e d phenol d e r i v a 
t i v e s such as polychlorophenoxyacyl acids used as herbicides are metabolized by 
s p e c i a l s t r a i n s o f b a c t e r i a t h a t adapt themselves t o use them as n u t r i e n t s . 
This holds t r u e also, f o r DNOC ( d i n i t r o o r t h o c r e s y l ) . and a l l i e d compounds. I t must 
be added t h a t the b a c t e r i a l and fungal f l o r a of the s o i l i s much r i c h e r i n rvm^ 

bers than the f l o r a of watercourses even when these are contaminated by organic 
matter. So i t i s q u i t e possible t h a t chemical compounds.that can remain unchanged 
f o r a l o n g time i n water, may yet be r a p i d l y degraded by m i c r o b i a l a c t i v i t y i n 
the soU.. I t i s known, f o r example,, t h a t by "feeding" a s o i l v r i t h chemicals such 
as. phenols, b a c t e r i a t h a t t h r i v e on n a t u r a l l y occurring phenols w i l l m u l t i p l y . 

. E:q)erience w i t h new a n t i b a c t e r i a l drugs shows how e f f e c t i v e some b a c t e r i a 
are i n developing resistance t o new substances. The metabolic enzymes undergo 
the necessary a l t e r a t i o n so as t o d e t o x i f y the compounds; we speak then of 
adaptive enzyme formation. By such mechanisms chemicals disappear from the s o i l , 
and farmlands must be sprayed every year w i t h herbicides i f weeds are t o be kept 
i n check. 

I d e a l l y only such chemicals should be emplcyed t h a t have been proved t o be 
r e a d i l y attacked and degraded by the common s o i l micro-organisms, . Compounds of 
l e a d and mercury - the mercurials being mostly organic con^jounds - and s a l t s of 
arsenious a c i d s , are much more l i k e l y t o accumulate" as p e r s i s t e n t s o i l contami
nants and t o introduce lead, mercury and arsenic i n t o p l a n t products. 

V 
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The present t r e n d i n the manTofacture of p e s t i c i d e s . f p r use i n a g r i c u l t u r e 
i s t o synthesize s h o r t - l i v e d degradable confounds because t h i s minimizes the 
persistenpe of. residues of p e s t i c i d e s and t h e i r degradation products on food 
and forage cropa. 

The only drgahie p e s t i c i d e s now i n use which r e s i s t b a c t e r i a l degradation .. 
and have :ng ii»rt end-pripducts are t h e ,chJ.orinate.d hydrocarbons, e.g. DDT, 
lindane,-.aldrin and d i e l d r i n , .rtemnants of these stable p e s t i c i d e s appear t o be 
bound t o or .adsorbed on s o i l p a r t i c l e s which are made up of inorganic minerals 
cpat0d'Vitt^ prgani-c.compounds. . These chemicals may contaminate r o o t crops grown 
i n s o i l s of t h t s - k i n d , forjexample lindane can t a i n t c a r r o t s or beets. The 
behaTrt-Otir-of-chemicals that,:do not a f f e c t the q u a l i t y o r reduce the y i e l d of 
crqps can escape.ipptice, b u t t r u e absorption and i n c o r p o r a t i o n of .these p o l l u - -
t a n t s by p l a n t s i s u n l i k e l y t o occur i n normal prsictic'e. 

On the other hand, water seeping from s o i l contaminated by c h l o r i n a t e d 
hydrooait.ons.:has.been; shorn tp-contain;-si^ amounts of these substances. They 
are prol^ably taken up by-the lipLidrContaining humus of the s o i l and, beccme p a r t 
of the s o i l water. Possible^ but y e t not proved> i s the absorption by man o f 
such substances from! drinking-water gathered from such s o i l s , -fThe::presence o f 
the substances ha^.been .(Shown by. t h e i r strong 
organic;, s o l vents. Arap.unts recovered a r ^ of the order o f a few micrograms p e r 
l i t r e . I t ; i S i t m l i k e l y ;that they, represent a t o x i c hazard t o man i n these amounts. 

Obsenration of cohtaiiiinatioh o f farmland i n the neighbourhood o f chemical • 
f a c t o r i e s hŝ s i n d i c a t e d t h a t t h e r e i s a potential,danger of f a l l : * o u t fjxsn.the ; 
plume emitted by the' srtbkd stacks o f chemical works. However, t h i s p e r t a i n s 
only t o Inb'rgahic dontarainants'. 'Synthetic organic chemicals are destrcyed i n 
p r o p e r l y operated stacks. 

Whereas gaseous wastes enter the atmosphere and l i q u i d wastes a;regferterally 
discharged t o surface waters, s o l i d wastes arn u s u a l l y placed on o r i n the s o i l . 
Some s o l i d wastes are dumped i n t o surface waters w i t h r e s u l t a n t water p o l l u t i o n ' . 
and some are burned w i t h conversion of much of the s o l i d s t o gaseous wastesj.pn 
the other hand,'seme l i q u i d wastes are spread on the s o i l and:sotije a r e r i n j ^ c t e d 
i n t o sub-surface s t i ^ i t a . The l a n d environment, t h e r e f o r e , w i l l receive most 
s o l i d wastes and some . l i q u i d p o l l u t a n t s . 
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Research P r o j e c t s 

General 

Research i n t o environmental p o l l u t i o n should embrace both.pure and a p p l i e d 
research. Research i s e s p e c i a l l y needed on the a p p l i c a t i o n of well--known p r i n 
c i p l e s t o s p e c i f i c s i t u a t i o n s , p a r t i c u l a r l y i n the developing c o u n t r i e s . 

P o l l u t i o n seems t o be an i n e v i t a b l e consequence of modem i n d u s t r i a l t e c h 
nology, r a p i d and convenient t r a n s p o r t , and cranfortable housing, b u t excessiye 
p o l l u t i o n may i n t e r f e r e w i t h man's h e a l t h and h i s mental, s o c i a l and economic 
we l l - b e i n g . The problem, then, i s t o detemine the acceptable l e v e l of p o l l u t i o n , 
t h a t i s the l e v e l which permits optimal economic and s o c i a l development without 
hazards t o h e a l t h i n i t s broadest sense. This can be achieved by the systematic 
a p p l i c a t i o n o f e x i s t i n g knowledge, supplemented by r e s u l t s from well-chosen 
research p r o j e c t s . 

I n reference t o the newer organic s y n t h e t i c chemicals, there i s ao urgent 
need f o r close study of man himself i n r e l a t i o n t o h i s i n g e s t i o n of r e l a t i v e l y . 
a n a l l amounts of p o s s i b l y dangerous substances over a prolonged p e r i o d o f time. 
I n f o r m a t i o n based upon bio-assay through v a r i o u s aquatic organisms, as p r e s e n t l y 
conducted, i s not d i r e c t l y a p p l i c a b l e t o man. Fish, f o r example, can absorb 
and release t o x i c a n t s without necessarily metabolizing them. . Accidents, so 
u s e f u l i n i d e n t i f y i n g l e v e l s of acute t o x i c i t y i n i n d u s t r y , would not necessairily 
t e l l much about chronic poisoning. Current methods of t e s t i n g f o r chronic 
t o x i c i t y on experimental animals are normally conducted on groups o f animls,. which 
are r e l a t i v e l y small when compared, w i t h the size of human.populations l i k e l y t o 
be exposed. Therefore, e f f e c t s w i t h a low incidence would go undetected. 
Moreover, studies on animals are not expected f u l l y t o r e f l e c t the e f f e c t s of 
t o x i c substances on man. Synergism and a d d i t i v e e f f e c t s of t o x i c a n t s are possible 
and should be studied. 

I I n the circumstances,, i t may be possible t o adduce i n f o r m a t i o n from 
experience i n i n d u s t r i a l hygiene, e s p e c i a l l y when the t o x i c o l o g i c a l data on which 
i n d u s t r i a l standards have been based include animal feeding experiments as w e l l , 
as observations of the r e a c t i o n of s u b s t a n t i a l populations a t r i s k . 
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E p i d e m l o l b g l t a i studies on groups of people w i t h occupational exppsioresy 
or p e o p l e " i i v i r ^ ' i n areas of high exposure, should be undertaken t o detennipe 
both subjective and o b j e c t i v e signs of chronic t o x i c e f f e c t s ; .Such studies 
should include.measurement of; p e s t i c i d e and metabolite l e v e l s i n a v a i l a b l e 
t i s s u e s - h o s p i t a l sp.eoiine»S; and autopsy; raatcr''latV The Be. l e v e l s shpiild be 
oorrelated, w i t h .changes i n enzyme a c t i v i t y , , w i t h cha.nges i n ophthalmic, audi
tory,:. neural.j. muscular and-respiratory f u n c t i o n s , a n d - p a r t i c u l a r l y w i t h , t i s s u e 
l e v e l s assQBiated^ w i t h -effects - or the absence of e f f e c t s - i n l a b o r a t o r y 
animals.; ; 

Although accumulation of p e s t i c i d e s i n the t i s s u e s of man appears, from 
present knowledge, t o stop when f a i r l y low l e v e l s of storage are reached, pros
p e c t i v e epidemiologicai i n v e s t i g a t i o n s could be undertaken on the diseases 
caused by abnormal m3tabolisra...ofvCarbohydrates or p f ' l i p i d s , on haemorrfiagic 
c o a g ^ a t i v e d i a t h e s i s , -and on .disorders of " p r o t e i n o r mineral metabolism, i n 
groups o f people w i t h high-level;e:qposur9 t o p e s t i c i d e s . Appropriate c o n t r o l 
groups would.be e s s e n t i a l , 

^ . . . . 

Research i n t o Mutagenicity and Carcinogenicity i n r e l a t i o n t o 
. A i r , VJater and Food P o l l u t i o n 

Mutagenicity ' ' 

Mutagenicity can have long-term e f f e c t s of h e a l t h s i g n i f i c a n c e i n a t l e a s t 
three ways: 

Mutation of somatic c e l l s may r e s u l t i n the emergence of new (non-malignaht) 
c e l l types d i f f e r i n g from the normal. I f such ceUs are f i m c t i o n a l l y less., 
e f f e c t i v e or i n t e r f e r e w i t h the i n t e g r i t y of the organ, such mutations 

' represent One form of pathogenesis. 

. Mutation of somatic c e l l s i s viewed by many as the mechanism whereby. ... 
normal cellis becdine malignant. . 

When non-lethai. mutations are produced i n the reproductive c e l l s o f the 
parent prganL.sm, genetic e f f e c t s may occur i n suedeediriggeri'eira 

. The outcome.is p a r t i c u l a r l y important where l a r g e p o p u l a t i o r i s a ^ a f f e c t e d 
by widely d i s t r i b u t e d environmental p o l l u t a n t s ; Sadh cheimi4»i'mutagen 
could'contribute i t s quota of mutations t o those a r i s i n g frbni other sources. 
Accordingly the genetic consequences,of a l l mutational f a c t o r s must be 
evaluated j o i n t l y . 

http://would.be
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Many chemical agents are. capable of producing mutagenic e f f e c t s i n one o r 
another b i o l o g i c a l system.- T h i s , however, does not imply t h a t such substances 
under conditions of a c t u a l exposure produce s i g n i f i c a n t l y frequent mutations. 

P a r t i c u l a r l y a c t i v e as muta:gens are some of the a l k y l a t i n g agents, some of 
the s o-called " a n t i - m e t a b o l i t e s " , and other chemicals s t r u c t u r a l l y reflated t o 
the bases of nu c l e i c a c i d . Perh.aps many compounds capable of modifying n u c l e i c 
a c i d but s t i l l p e r m i t t i n g r e p l i c a t i o n may lead t o mutation. A. l i s t of mutagenic 
chemicals i n c l u d i n g those which may occur i n the human environment.is included 
i n an e a r l i e r WHO r e p o r t (Wld H l t h Org. Techn. Rep. Ser., 2h8). The problem i s 
more f u l l y discussed t h e r e . ^ 

Tests of chemical agents f o r mutagenicity can r e a d i l y be c a r r i e d out on 
' simple systems such as phage and b a c t e r i a . However, since e n t r y , t r a n s p o r t 
and metabolism are probably important f a c t o r s i n determining . e f f e c t i v e dosage of 
the mutagen, such minimal t e s t s m u S ' ^ b d t e i n f o r c e d by study of these biochemical 
f a c t o r s i n higher organisms before an estimate of the l i k e l i h o o d of hazard can 
be venttired.. Furthermore, some m a t e r i a l s not i n themselves/mutagenic may be 
converted i n t o mutagens by metabolism. For these reasons, the assessment o f 
p o s s i b l y mutagenic ;pollutants-.should be;extended t o mammals. 

• Population-studies . w i l l no doubt be needed. They ,will,^however, be extremely 
diff i c u l t , - b e c a u s e . , o f the. problem of .q u a n t i t a t i n g the. e f f e c t s - i n succeeding 
generations, and p a r t i c u l a r l y because o f the extreme d i f f i c v i l t y i n d e f i n i n g the 
a c t u a l exposure-of the parents t o the m u l t i p l i c i t y of mutagenic f a c t o r s , 

' C a r c i n o g e n i c i t y 

The extensive and well-documented h i s t o r y of occupational exposure ranging 
from the work o f the chimney-sweep t o the manufacture of chromium chemicals has 
established the r e a l i t y and seriousness of the consequences of exposure t o chemi
c a l carcinogens. Nearly every organ of the body i s capable o f y i e l d i n g a tumour 
i n response to. an appropriate chemical agent. Although the responding t i s s u e i s 
sometimes, t h a t d i r e c t l y , exposed, e.g.. the l u n g w i t h chrcnium chemicals or the 
s k i n with; coal t a r , on other occasions the tumour develops i n a remote organ. 
An example of the l a t t e r i s the occurrence o f bladder cancer f o l l o w i n g exposure 
to. c e r t a i n aromatic amines, f o r which the c h i e f p o r t a l s of e n t r y are the s k i n 
and the lungs. The e f f e c t s of various routes o f en t r y of chemical carcinogens 
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are o f t e n a d d i t i v e , cbttseqtibntly the e n t i r e exposure p - water, a i r , food -
needs co n s i d e r a t i o n . A n ' a d d i t i o n a l coraplication i s t h a t carcinogenesis f r m 
chemical agents i s u s u a l l y a consequence of the i n t e r a c t i o n o f a.number o f f a c 
t o r s . This i s p a r t i c i i l a r l y Xirell i l l u s t r a t e d i n the c l a s s i c a l example of the 
two-stage mechanism o f sk i r t cancer i n d u c t i o n . I n t h i s , a dose of polynuelear 
hydrocarbon, i n i t s e l f incapable of producing cancer, leads t o a h i g h frequency 
of .skin cancer i f f o l l o w e d by the a p p l i c a t i o n of the promoting agent, croton o i l . 
i t s e l f a lso i j i t h o u t carcinogenic e f f e c t . Other modifying f a c t o r s include p r i o r 
disease (sc&r cancer o f the l u n g ) , o r i n f e c t i o n ( i n f l u e n z a v i r u s and ozonized 
g a s o l i n e ) . I n , some instances simultaneous exposure t o other t o x i c agents can 
impair the capacity f o r e l i r o i n a t i n g a carcinogenic agent. An example i s injuaT" 
t o tb©: clearance mechanism of the r e s p i r a t o i y t r a c t by tobacco smoke. I n s h o r t , 
the'assessment of e f f e c t i v e carcinogenic ejqjosures r e q u i r e s consideration not only 
of raviLtiple sources, but also of .the r o l e of promoting f a c t o r s . ' 

The most decisive i n f f t i r o a t i o n on the hazards of chemically induced cancer 
i n man has'come f rem .epidemiological studies on occupational groups,. ..Studies 
on grp'ups exposed t o general community p o l l u t a n t s have not l e d t o such conclusi've 
resul'bsi Thus t S r o l e " i n the production of lung cancer of polynuclear hydro
carbons such as T?enzd(a)pyrene as an a i r contaminant i s s t i l l u n c e r t a i n . 
Although: the re i s sMe"'Evidence of a modest c o n t r i b u t i o n t o l u n g cancer from such 
sources, the issue cannot be resolved a t present. A number of other a i r p o l l u 
t a n t s have a t t r a c t e d a t t e n t i o n i n t h i s . r e g a r d , among them non-arcanatio organic 
compounds. The r o l e of benzp(a)pyrene as an environjnen-tal p o l l u t a n t has a t t r a c t e d 
much, a t t e n t i o n ! i t has been found not only as an a i r p o l l u t a n t b u t i n smoked 
foods and i n s o i l s , and i s known t o reach water supplies from several sources. 
Although i t s q u a n t i t a t i v e occurrence i n such sources i s o f i n t e r e s t , such f i n d i n g s 
cannot be interpre'ted i n the absence o f i n f o r m a t i o n aS t o the rele-vance o f the 
observed.concentrations f o r man. The s o l u t i o n o f such problems w i l l r e q u i r e both 
epidemiological and l a b o r a t o r y i S t u d i e s . 

Epidemiological studies .have p r o ^ ^ infoimaition on s i g n i f i c a n t d i f f e r e n c e s 
i n the joccurrence r a t e s of tumours of various organs i n d i f f e r e n t p o pulation 
gro\5)s. Such leads c.an guide the search f o r e t i o l o g i c a l f a c t o r s i f t h i s i n i t i a l 
i n f o r m a t i o n i s r e i n f o r c e d by the development of adequate his•bpries of e^qjosure, -
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Laboratpiy procedures provide .a.useful adjunct t o epidemiological studies 
i n i d e n t i f y i n g causative f a c t o r s . Such procedures, however, are p a r t i c u l a r l y 
important as a means f o r p r e d i c t i n g the l i k e l i h o o d of cancer from new m a t e r i a l s 
p r i o r t o t h e i r use. There was a dramatic success i n such p r e d i c t i v e t e s t i n g i n 
the discovery t h a t the confound acetylaminofluorene, which had been proposed as 
an i n s e c t i c i d e , was a potent carcinogen. Despite such successes, however, the 
procedures now: a v a i l a b l e are f a r from s a t i s f a c t o r y e i t h e r i n r e l i a b i l i t y o r 
convenience. Most of the abcepted procedures f o r p r e d i c t i v e t e s t i n g i nvolve the 
examination-of moderately l a r g e groups of several species of animals over t h e i r 
l i f e - s p a n or a la r g e f r a c t i o n t h e r e o f , 

Several f a c t o r s l i m i t the usefulness of such p r e d i c t i v e t e s t s . F i r s t , 
species d i f f e r e n c e s have, been shown t o be decisive i n many instances i n deter» 

mining tumour response. Species d i f f e r e n c e s i n metabolism o f the carcinogen lead 
t o d i f f e r e n c e s i n response, andcmere use of more species may not be s u f f i c i e n t . 
Tests on laboratory.animals thus i n v a r i a b l y need reinforcement by p a r a l l e l 
metabolic studies on man. 

Second, the- l a r g e s t groT:ps which can be used i n most p r a c t i c a l l a b o r a t o i y 
studies w i l l be much smaller than the p o p u l a t i o n groups exposed. Consequently, . 
e x t r a p o l a t i o n from high t o low incidence l e v e l s must be undertaken. On the one 
hand, the'establishment of safe l e v e l s i s d i f f i c u l t i n the absence of general 
p r i n c i p l e s f o r such e x t r a p o l a t i o n . On the other hand, the approach based on ' 
the assuii?3tion of no thr e s h o l d i s p o s s i b l y too conservative. Therefore, t o 
a s s i s t the'establishment of safe l e v e l s , a few large-scale experiments ( i n v o l v i n g 
l a r g e groups of animals) must bo c a r r i e d out t o help i n d e f i n i n g general p r i n c i 
p l e s f o r such e x t r a p o l a t i o n . 

T h i r d , i n many instances secondary f a c t o r s as noted above (disease, i n j u r y ' 
•and so f o r t h ) may be decisive i n determining hazard. Although i t w i l l obviously 
be impossible t o examine r o u t i n e l y thr^- l a r g e number of such possible v a r i a b l e s , 
these considerations must be.kept i n mind i n planning e x p e r i i r e n t a l work. Two 
suggestions emerge. The t e s t i n g of r e a l i s t i c mixtures of substances i n a d d i t i o n 
t o the ..pure substances must be encouraged. Also, wherever possib l e , possible 
leads t o relevant j o i n t promoting f a c t o r s should be taken i n t o account i n the 
planning of such s t u d i e s . 
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- A -coBsiderable nwriber of short-term t e s t s have been proposed f o r examining 
suispect materials, f o r t h e i r carqinogenicity.. These include sebaceous gland 
suppression^:nucleolar enlargement, TOrious responses i n simple systems, for 
eJGimple t i s s u e c u l t u r e , slime moulds and paramaecia, and biochemical t e s t s such, 
as i n t e r a c t i o n w i t h n u c l e i c a c i d . Such, t e s t s have served u s e f u l r o l e s i n the 
examination o f the comparative a c t i v i t y o f compounds of a s i m i l a r chemical type,. 
A l l have, however, f a i l e d when extended t o a wide v a r i e t y o f chemical s t r u c t u r e s . 

I n addition,, these t e s t s neglect the mechanisms of biochemical handling which 
may c i i t i c a l l y determine e f f e c t i v e dose. These include e f f i c i e n c y of en t r y , 
storage and.metabolism. Metabolic studies on man are a minimal requirement t o 
r e i n f o r c e the ...interpretation of the r e s u l t s of, such accelerated t e s t s , 

~ . A i r p o l l u t i o n 

Methods- f o r research i n a i r p o l l u t i o n 

(a) Experimental" studies. The development o f quick simple methods f o r o b t a i n i n g 
v a l i d i n d i c e s of p o l l u t i o n f o r use i n epidemiological or other surveys i s given 
p r i o r i t y by many.workers. Of these mathods, some l a c k s p e c i f i c i t y and t h e i r use 
can l e a d t o errbheous conclusions. Methods f o r assessing p a r t i c u l a t e p o l l u t i o n 
by reference t o the o p t i c a l d e n s i t y of the s t a i n produced on f i l t e r - p a p e r r e q u i r e 
frequent r e c a l i b r a t i o n i n g r a v i m e t r i c terms. Instruments t o record the concentra--
t i o n of p o l l u t a n t s a t frequent i n t e r v a l s are desirable i n order t h a t the e f f e c t s 
of sharp peaks i n p o l l u t i o n can be evaluated. Because some p l a n t s and lower 
animals ar^ more s e n s i t i v e than man t o low concentrations o f c e r t a i n a i r p o l l u 
t a n t s , they may bo used as " b i o l o g i c a l i n d i c a t o r s " , t h a t i s as cheap and accurate 
complements or a l t e r n a t i v e s t o complex measuring instruments. The danger o f an 
u n c r i t i c a l a p p l i c a t i o n of the r e s u l t s from b i o l o g i c a l i n d i c a t o r s t o man's w e l l -
being must be recogiiized. 

The i n v e s t i g a t i o n of exposure of human volunteers t o r e a l i s t i c concentra
t i o n s of ur^sah p o l l u t a n t s separately and.in mixtures i s obviously, p r e f e r a b l e t o 
experiments i n which animals are subject t o massive e^qsosures. Although the 
i n v e s t i g a t i o n of the e f f e p t s of r e a l i s t i c exposures on various aspects o f lung 
f u n c t i o n i s of.obvious value, experiments on other possible e f f e c t s should bo 
encouraged, f o r example i t may be u s e f u l t o i n v e s t i g a t e the e f f e c t s on b a c t e r i a l 
f l o r a of the many p a r t i c u l a t e and gaseous contaminants found i n urban a i r . 
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( b ) F i e l d s t u d i e s . Adequate f i e l d s t u d i e s can y i e l d t h e most c o n v i n c i n g i n d i c a r 
t i o n o f t h e a s s o c i a t i o n between m o r t a l i t y o r m o r b i d i t y and a i r p o l l u t i o n , • 
S a t i s f a c t o r y s t u d i e s , however, a r e dependent on a c c u r a t e i n d i c e s o.f h e a l t h and 
o f domestic and i n d u s t r i a l p o l l u t i o n . They. can. t h e r e f o r e be c a r r i e d out o n l y i n 
communities w i t h f a c i l i t i e s t o c o m p i l e such i n d i c e s . 

( i ) P o l l u t i o n i n d i c e s . Whereas measurements o f many d i f f e r e n t p o l l u t a n t s may be 
r e q u i r e d f o r s p e c i f i c r e s e a r c h p r o j e c t s , c e r t a i n p arameters s h o u l d be chosen 
e i t h e r b y n a t i o n a l o r , p r e f e r a b l y , i n t e r n a t i o n a l agreement f o r r o u t i n e use. 
F u r t h e r m o r e , s t a n d a r d i z e d . t e c h n i q u e s o f measurement s h o u l d be a d o p t e d . W i t h 
s t a n d a r d i z e d p a r a m e t e r s and p r o c e d u r e s , i t s h o u l d be p o s s i b l e t o e s t a b l i s h 
recommended s a m p l i n g p r o c e d u r e s f o r d i f f e r e n t t y p e s o f a r e a s , such as c c m m e r c i a l 
c e n t r e s o f towns, a r e a s o f l i g h t o r heavy i n d u s t r y , . r e s i d e n t i a l a r e a s o f d i f f e r e n t 
h o u s i n g d e n s i t i e s , and areas i n w h i c h t h e r e i s r i g i d e n f o rcement o f s m o k e - c o n t r o l 
r e g u l a t i o n s . I n e s t a b l i s h i n g t h e s e p r o c e d u r e s r e g a r d must a l s o be p a i d t o t h e 
'topography and n a t u r a l v e n t i l a t i o n o f the- a r e a s . The r e s u l t s w i l l , i t i s 
a n t i c i p a t e d , f a c i l i t a t e comparisons between d i f f e r e n t t y p e s o f a r e a s . 

( i i ) I n d i c e s o f - m o r t a l i t y and m o r b i d i t y . S u i t a b l e i n d i c e s o f m o r t a l i t y and 
m o r b i d i t y must be c a r e f u l l y chosen. . C e r t a i n segments o f t h e community such as 
w o r k i n g men, s o l d i e r s , p o l i c e m e n , and i n many c o u n t r i e s c h i l d r e n , , a r e v e r y 
h e a l t h y , a n d . i n consequence may be p a r t i c u l a r l y r e s i s t a n t t o t h e e f f e c t s o f a i r 
p o l l u t i o n . I n d i c e s such as t h e s e based on t o t a l numbers o f de a t h s i n t h e p o p u l a t i o n , 
or on admission's t o h o s p i t a l s or" on a p p l i c a t i o n s f o r s i c k n e s s b e n e f i t have been 
f o u n d t o b e ' v e r y s e n s i t i v e i n l a r g e c o m m u n i t i e s . I n s m a l l e r c o m m u n i t i e s , however, 
random f l u c t u a t i o n s may obscure t h e e f f e c t s and o t h e r methods may be needed.-

D i a r y s t u d i e s such as t h o s e used a t t h e M e d i c a l Research C o u n c i l ' s A i r P o l l u t i o n 
Research U n i t , o r t h e use o f i n d i c e s based on r e c o r d s c o m p i l e d b y g e n e r a l 
p r a c t i t i o n e r s a f t e r f i r s t i n t e r v i e w s w i t h p a t i e n t s s u f f e r i n g f r c m a c u t e r e s p i r a t o r y 
d i s e a s e s , appear t o o f f e r t h e most h o p e f u l t e c h n i q u e s i n such c i r c u m s t a n c e s . I n 
some communities, however, t h e p o p u l a t i o n may be t o o s m a l l f o r s a t i s f a c t o r y f i e l d 
s t u d i e s . 

( i i i ) Long-term e f f e c t s o f p o l l u t i o n . The l o n g - t e r m e f f e c t s on man o f p o l l u t i o n 
a r e g e n e r a l l y r e c o g n i z e d as b e i n g more i m p o r t a n t t h a n a c u t e r e a c t i o n s . 
E p i d e m i o l o g i c a l r e s e a r c h on t h i s p r o b l e m i n v o l v e s comparisons between d i f f e r e n t • 
communities and c o n s e q u e n t l y i t i s d i f f i c u l t i f n o t i m p o s s i b l e t o e x c l u d e t h e 
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e f f e c t s of other f a c t o r s , A c r i t i c a l a t t i t u d e must there f o r e be adopted i n 
dealing w i t h the r e s u l t s of such st u d i e s , A p o s i t i v e a s s o c i a t i o n between chronic 
b r o n c h i t i s and a i r p o l l u t i o n may bfl accepted, but t h a t between cancer o f the lung 
and a i r p o l l u t i o n i s less c e r t a i n ; indeed any as s o c i a t i o n appears t o br= s l i g h t 
i n contrast t o t h a t between t h i s disease and tobacco smoking. Further research 
must include prospective studies so t h a t the incidence of these conditions may 
be c o r r e l a t e d w i t h f u t u r e v a r i a t i o n s i n a i r p o l l u t i o n , 

( i v ) The immediate or acute e f f e c t s of a i r p o l l u t i o n . The immediate e f f e c t s are 
more r e a d i l y i n v e s t i g a t e d by epidemiological techniques, and i t i s now possible 
t o r e l a t e r e s p i r a t o r y m o r b i d i t y and gener?l m o r t a l i t y q u a n t i t a t i v e l y t o ^ e c i f i c 
l e v e l s of a i r p o l l u t i o n i n c e r t a i n communities. I t may thus be'possible t o make ' 
comparisons between the acute e f f e c t s o f p o l l u t i o n i n d i f f e r e n t communities and 
between d i f f e r e n t mixtures of p o l l u t a n t s i n the same community, 

(c) Certain s p e c i f i c problems f o r f i e l d s t u d i es. Among the more s p e c i f i c prob
lems needing e l u c i d a t i o n by f i e l d studies are the in f l u e n c e of acute outbreaks 
of r e s p i r a t o r y . i n f e c t i o n s on the h e a l t h e f f e c t s of a i r p o l l u t i o n , the e f f e c t s 
"on h e a l t h of very short periods o f high p o l l u t i o n , and an assessment of changing 
p a t t e r n s of f u e l use, e s p e c i a l l y i n r e l a t i o n t o the operation o f veiy l a r g e 
power s t a t i o n s , 

(d) S t a t i s t i c a l and epidemiological methods i n f i e l d s t u d ies. Epidemiology 
and s t a t i s t i c s are becoming more =.nd more e f f e c t i v e i n dealing w i t h complexities 
of heal t h data and surveys, and t h e i r p o t e n t i a l must bo reviewed p e r i o d i c a l l y t o 
determine which new techniques are a v a i l a b l e t o improve the methodology of f i e l d 
studies of a i r p o l l u t i o n . 

Water P o l l u t i o n 

Research:into water p o l l u t i o n 

During the past several years there has been a remarkable increase i n many 
countries i n the amount o f research i n wat.;ir p o l l u t i o n . This research i s being 
c a r r i e d out by various governmental, u n i v e r s i t y and p r i v a t e l a b o r a t o r i e s i n 
many countries,• Procedures f o r the sampling, recovery, i d e n t i f i c a t i o n and 
estimation of organic and inorganic contamina.nts are subject t o frequent reviovi 
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and 'inppoveaent.>.. and new-parameters f o r estimating 'de.grc<o of p o l l u t i o n are .being 
tes'tad, . -The e v a l u a t i o n of the e f f e o t s of p o l l u t i o n on water q u a l i t y by the. study 
of benthon,.. plankton and other aquatic organisms and t e s t s on t h e i r p h y s i o l o g i c a l , 
biochemical and ecologicjal response t o various degrees of exposure are being . 
intens;lf,ied; these, studies, may also le,ad t o the i d e n t i f i c a t i o n of suitable, b i o 
l o g i c a l parametQrs f.or simple e v a l u a t i o n of, degree-of p o l l u t i o 

E pidemiological studies on thevhealth s i g n i f i c a n c e of some b i o l o g i c a l : 
agents and di s s o l v a d s o l i d s contai'jied i n p o l l u t e d water which are p a r t i a l l y removed 
by conventional'trea-bment processes a r e - s t i i l \mder way, and no d e f i n i t e cbn^ 
clur!5.on'can bo drawn as y o t . ' Research i n t o improved methods f o r p o l l u t i o n • 
prevention includes studies on tho o r i g i n of various kinds o f waste and assessment 
c f the amount of p o l l u t i o n caused b y u i t i a n and r u r a l r u n - o f f . Thr r e c o g n i t i o n 

' t h a t , i n many instances, convontional mechanical and b i o l o g i c a l procosses f a i l 
t o remove c e r t a i n contaminants and t h a t there i s need f o r more e f f i c i o n t removal 

' of, p o t e n t i a l , poll-utants from liquilms-tejLJjaa^^^ led/tgJaJRflfl'arhh .for new t r e a t ^ ^ 
ment processes/ and^a corisiderable'^alffo'-un-t or experi'ence'Tias'alrblady'be^^^ accuimi-
la-ted i n methods f 03. separating a l a r g e - v i r i e t y of c h e m i c a l ; , b i o l o g i c a l and--L-
r a d i o l o g i c a l , p o l l ^ i t a n t s . I n almost a l l instances t h i s has: en-tailed the a p p l i c a t i o n 
of icno-.m phy's7';ccchemical p r i n c i p l e s , such as adsorption, e l e c t r o d i a l y s i s , i o n 
excb.ange, .c:d.dation and others. Although the r e s u l t s of some of these new 
procenses ,aro prom.ising,._lJiei.r._oost,i;i_still.ji,.s^ev jLim-fing, f a c t o r , eqrê  
npocial. i n t e r m i t t o n t . . ope'Sticnc.. 

'DetaiJLed r e p o r t s on such reseai-^K and rela-ted subjects a r c r e g u l a r l y published 
i n \'ari0U3'sclentjJ^lojoi.irmls^^^a 

C'uri'-'ent research 

I n research on the e f f e c t s of p e s t i c i d e s , the concentrations o f m a t e r i a l s 
to be i d e n t i f i e d and deteirained are o.i?ten very small - of the order of 1 pp 
Id-Silt i f i c a t i o n and determination a.re possible only by thc^..use-of _mpdem„in§trOJn^^^ 
ta . 1 methods, of which gas-chromatography and i n f r a - r e d spectrophotometry are , 
e;ci-jj.ole3, Thtis..expensive equipment i s - e s s e n t i a l , as are the services o f s p e c i a l i s t s 
t r a i n e d i n i t s UjBe, ̂  To i n v e s t i g a t e the . f i n e r d e t a i l presented by the problem, 
eve.i more popl-iisticated - and c e r t a i n l y more. expensivei - methods w i l l be necessary, 
Gleaz^lyy, few laboi'atories.are.a.t present equi^pped -to c a r r y out t h i s type o f . 
a m i y s i s . Nevertheless, thc.y.'e has been r a p i d progress i n the past few years. 
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With increased I n t a r e s t i n the problem, i t . may be expected t h a t t h i s , w i l l con- • 
t i n u e . - , .. 

I n t h e United States of America, the r e a l i s t i c approach has been fo l l o w e d 
of considering tho biocoenoses''' of p a r t i c u l a r h a b i t a t s and attempting t o e v a l -
ua.te the e f f e c t s of p e s t i c i d e s on the various l i n k s i n the food chains which 
they represent. A s i m i l a r approach i s contemplated i n the United Kingdom. I t 
should be mentioned, however, t h a t though the study of aquntic p o l l u t i o n has 
been going on f o r many years, t h i s new problem involves a widening of the 
d i s c i p l i n e s necessary t o make up a'well-balanced team. I f f i s h - e a t i n g b i r d s , 
are tho f i r s t members i n the food chain t o be s i g n i f i c a n t l y a f f e c t e d , f o r 
example, the team should include a f i e l d o r n i t h o l o g i s t . There i s evidence a l s o . 
t h a t many suDstances of importance are adsorbed on i n s o l u b l e p a r t i c l e s ; they 
may then no doubt be ingested by bottom-dwelling i n v e r t e b r a t e s and so enter the 
food chain. Account w i l l t h e r e f o r e have to.be taJcen of the h y d r a u l i c s o f a 
r i v e r i n f l u e n c i n g the de p o s i t i o n and <erosion of"bottom deposits. Stagnant 
bodies of water ( l a k e s , reseirvoirs) w i l l r e quire special consideration, because 
through s t r a t i f i c a t i o n and sedimentation l o c a l accumulation of undissolved 
matters or solutes may occur, and also because d i l u t i o n i s a y e i y slow phenome-r 
non as depth increases. , 

I t i s w e l l e s tablished t h a t d i f f e r e n t organisms i n c l u d i n g f i s h are a f f e c t e d 
t o g r e a t l y d i f f e r e n t extents by d i f f e r e n t s y n t h e t i c organic p e s t i c i d e s . This 
obviously increases t h e complexity o f tho problem and much reduces "the p r a c t i c a 
b i l i t y of using any one species as a u n i v e r s a l t e s t organi-sm by which the l e v e l 
of microchemical p o l l u t i o n i n an environment and i t s e c o l o g i c a l e f f e c t s can be 
evaluated. 

The complexity of the present chemical and p h y s i c a l methods f o r i d e n t i f y i n g 
and d e t c m i n i n g microcheraical contaminants poses a p a r t i c u l a r d i f f i c u l t y where" 
f i e l d . s t u d i e s are t o be made i n remote d i s t r i c t s . E f f o r t s are t h e r e f o r e being 
made t o develop a l t e r n a t i v e procedures, p a r t i c u l a r l y s p e c i a l i z e d methods of 
bio«as5ay. I n t h i s , notable progress has been made. There i s a wide d i v e r s i t y 

A bloooenosis i s an e c o l o g i c a l u n i t comprising both the vegetable and the 
aniiiial p e c u l a t i o n of a h a b i t a t . ' 
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of types of responses of organisms to' sublethal concentrations of poisons, and 
i t i s believtid by workers in this f i e l d that many biological responses can be ' 
used as a basis of bio-assay methods. Those include, for example, growth of • 
algal colls, rate of respiration,, acquisition of avoidance responses, and level 
of f e r t i l i t y . There is some hope that with furtha::- development of this kind, i t 
may become possible to measure not onV ths relative level of microchemical 
pollution of a water,, but, ab least to some extent, the nature of the contami
nants concerned. FublislTod wor'ks suggest that measurement of the effect of ' 
sjTithotic organic substanceri on the growth rate of algal cultures may yield . 
useful information. Research on this subject i s at present i n a very active 
Ei.ag& o? devclcpment, and i t is noted that premature standardization of bio-
assay procedures or test organisms might hinder further progress instead of 
promoting i t . Finally, i t i s emphasized that i n order to establish efficient . 
methods for detecting, identifying and monitoring microchemical pollutionj there 
r.vVrib be adequate basel.ine dab.?, cn the ecology of the water systcms...cQncame.d.. 
This i s seldom the case at present, and wherever circumstances aTlpw, "eveiyT 
e.fforb should be made to collect such data, -

Further Epidemiological Studies i n Man" 

Much occupational health data, and Experience on more than 350 stibstahces 
i - . • - . - ' 

have been used to develop standards for industrial exposures..; Such informattiors 
o,.an be of considerable help i n the: selecv^ion of methods of research i n / ^ r " 
PC Llution and in chooriing criterir. for community air pollution standards. No 
general extrapolation of industrial a i r to community air-standards should..:be 
made, becauso-.pcpnlationr. ojjiosed di f f e r greatly. 

\jBo of occupational data for evaluating the haz-3rds of community expo3ures7 iHuch 
rdore information about th.-: long--tem effects of c: rtain pollutants'which occur 
in the general eniiionmeiit and also i n highor concentrations in that of'oCcupa-
ti-c-nal groiips' could be obtained provided the records of such groups werf: bfetter 
analysed. This requires closer co-oper',tion between the industri-nl medical " 
oiiicer, the'industrial hygiene engineer, the epidemiologist and the bio--
statistician. To make the most use of this and other information, a unifoim 
G/stem of i-ecording i s roqiuired which w i l l include changes of occupation, 
re'sLdenoQ, period of sickness, and cause of death. This was formerly techrii-
:ally impossible on a national scale but may not be so now since the developiSe'ht 
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of cotiputers. I t would thus be,possible t o f o l l o w p r o s p e c t i v e l y the m o i t i d i t y 
and m o r t a l i t y of groups w i t h known exposure t o p a r t i c u l a r p o l l u t a n t s or groups 
of p o l l u t a n t s . The sstablishmont o f , and access t o , such records would be one 
of the most powerful epidemiological methods f o r the prospective study of a 
wide range of medical problems. 

I n the United States of i^merica. S o c i a l S e c u r i t y Records (BOASI), which were, 
not designed w i t h t h i s end i n viovj, have proved t h e i r valiie i n occ\:pational 
health research, e s p e c i a l l y f o r cohort studies. I n the United Kingdom, the 
M i n i s t r y of Pensions and National Ins\irance M o r b i d i t y Survey w i l l enable a 
n a t i o n a l study of occupation and of residence, and sickness from various 
diseases t o be r e l a t e d t o i n d i c e s of p o l l u t i o n . I n c e r t a i n Scandinavian c o u n t r i e s , 
extensive p o p u l a t i o n r e g i s t e r s have been maintained f o r several decaides; they 
already include data on m o r b i d i t y . This s i t u a t i o n i s w e l l s u i t e d f o r c a r r y i n g 
out a d d i t i o n a l epidemiological research. 

Use of a v a i l a b l e h o s p i t a l and c l i n i c a l m o r t i d i t y da.ta. The l o n g - t e n i i e f f e c t s of 
environmental p o l l u t i o n on the r e s p i r a t o i y system can be studied by b e t t e r use 
of medical, records i n h o s p i t a l s and h e a l t h centres ( i n - p a t i e n t and o u t - p a t i e n t 
departments) as w e l l as by p a t h o l o g i c a l reports. A higher incidence of some 
coramunicablo or i n f e c t i o u s diseases among c h i l d r e n and the working p o p u l a t i o n 
has been reported i n areas w i t h higher a i r p o l l u t i o n . F u rther knowledge on 
prevalence of chronic inflammatory t h r o a t diseases and chronic b r o n c h i t i s , as 
w e l l as cor pulmonale, can be obtained i n some l o c a l i t i e s from h o s p i t a l admission 
and o u t - p a t i e n t examination data. The p o s s i b i l i t i e s of such research are not 
being f u l l y e x p l o i t e d and ought t o be encouraged. More e x p l i c i t and uniform 
diagnostic c r i t e r i a , both i n c l i n i c a l and p a t h o l o g i c a l work, are needed as w e l l 
as more prficise and uniform data on.exposure, i n c l u d i n g type and amount of 
p o l l u t a n t s , time and type of exposure, as w e l l as derabgraphic and other data 
on the population a t r i s k . 

The diseases t o be f o l l o w e d should i n c l u d e , chronic throat, diseases, chronic 
b r o n c h i t i s , asthma, emphysema, pulmonary f i b r o s i s , cor pulmonale. 

A t t e n t i o n should be drawn e s p e c i a l l y t o p o p u l a t i o n groups under s p e c i a l h e a l t h 
care, such as cardiac and emphysematous p a t i e n t s , aad healthy groups under 
sp e c i a l preventive care, such as schoolchildren, pregnant women and a t h l e t e s . 
- • • ' ' • f . • 



I n these groups some spe c i a l simple p h y s i o l o g i c a l studies shbiHd bR recommended 
as p a r t of' routine' follow-up examinations. 'Tho f i n d i n g s f o r areas w i t h d i f f e r e n t 
p o l l u t i o n l e v e l s could then'be compared. 

This k i n d of work w i l l be of greatest value when adequate envirpnmental data 
are also obtained. 

Behaviouial s t u d i e s . Much work, on conditioned r e f l e x and sensory p h y s i o l o g i c a l 
e f f e c t s of p o l l u t a n t s has been c r r i e d but, p a r t i c u l a r l y i n the USSR. I t has 
been suggested thrat. such procedures? i n evaluating the long-term e f f e c t s i s 
probably l i m i t e d . Some attempts t o confirm these studies, p a r t i c u l a r l y w i t h 
respect t o . s o l v ; n t vappurs> suggest t h a t . t h e procedures are r e l a t i v e l y insen
s i t i v e . Further e x p l o r a t i o n should be.made of the value of such procedures 
f o r both:short-term and long-term exposures. 

Prospective surveys f o r the e v a l u a t i o n of long-term e f f e c t s of a i r p o l l u t i o n . 
Because of the complex and varying conposition of ?.ir poUut^.nts i n d i f f e r e n t 
places and the p o s s i b l y important e f f e c t s of c l i m a t e , i t i s desirable t.o carry ' 
out the'epidiemiplogical i n v e s t i g a t i o n s on a l a r g e r scale and i n more places than 
p r e v i o u s l y . To ensure t h a t such r e s u l t s iriJ . 1 be comparable and i n f o r m a t i v e 
c e r t a i n steps a r e e s s e n t i a l : f i r s t , an adequate d e s c r i p t i o n of exp"bsure, the 
second, a v a l i d measure of medical e f f e c t s , based on an adequate p o p u l a t i o n 
saiqjle, and t h i r d j a s a t i s f a c t o r y follow-up method. 

The i n v e s t i g a t i o n must be an e c o l o g i c a l one, t h a t i s based on studios of both 
exposure and m o r b i d i t y w i t h i n a considerable number (hundreds) of d i s t r i c t s . . 
These d i s t r i c t s should be selected t o give the maximum v a r i a t i o n i n dose 
(exposure) and cli m a t e . S t a t i s t i c a l design and pop u l a t i o n sampling can provide 
other c r i t e r i a f o r s e l e c t i o n . 

When s e l e c t i n g d i s t r i c t s f o r the i n v e s t i g a t i o n s i t w i l l be"necessary t o make a 
p r e l i m i n a r y study of the r e l e v a n t v a r i a b l e s i n a considerably l a r g e r number of-
d i s t r i c t s , p a r t i c u l a r l y i n nespect of the concentrations of the most important 
p o l l u t a n t s and data a v a i l a b l e on the p o p u l a t i o n s t r u c t u r e . 

The second pro'blem concerns the'Tneasursment of e f f e c t s . D e t a i l e d medical 
examinations of a p o p u l a t i o n sample are hot always f e a s i b l e , nnd n e i t h e r wo\J.d 
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i t be s a t i s f a c t o r y t o r e l y on e x i s t i n g o f f i c i a l s t a t i s t i c s o f morblditY^Jind. • 
m o r t a l i t y . A study should be made, t h e r e f o r o 7 " b r t R e ~ f e a M l ) i I i t y ^ T - u s i n g ' . 
mailed questionnaires t o obtain -an-o'stimate.of.'the relevpJn i n f o r m a t i o n on 
r e s p i r a t o r y and caxdiova.scular symptoms. Such an approach has-already been 
t e s t e d i n some countries and merits, f u r t h e r e x p l o r a t i o n . 

I f a study of t h i s typo i s t o be p r a c t i c a l , t h f f requirements f o r completeness 
of i n f o r m a t i o n about a l l sjrmptoms ought not t o be set too high. A t t e n t i o n i s 
c a l l e d t o the B r i t i s h Medical riesearch Council qui-stionnaires on r e s p i r a t o r y 
symptoms and those r e l a t i v e t o angina p e c t o r i s along the l i n e s o f the 
questionnaire f o r ^ f i o l d surveys, produced snd standardized by WHO. The 
i n q u i r i e s should b« f i t t e d i n t o a model of th« above-mentioned or some s i m i l a r 
type w i t h as much consideration as possible f o r c o m p a r a b i l i t y i n the evalua
t i o n of exposure and e f f e c t . 

A check on the v a l i d i t y of the approach w i l l be needed. This must be done by 
personal, i n t e r v i e w s and by a simple c l i n i c a l l ung f u n c t i o n t e s t ( F E V ^ Q) and. 
environmental exposure estimates f o r a l i m i t e d sub-sample o f the poptilations 
and areas, . Such methodological studies jshould be commenced as soon as p o s s i b l e , 
as p i l o t operations, along w i t h t r a i n i n g i n the use of questionnaires, p o s s i b l y 
i n c l u d i n g the use of tape recorders. Such p i l o t operations provide a means of 
t e s t i n g i n t r a - and inter-obsorvc^r v a r i a b i l i t y , and of s e l e c t i n g questions, and 
in t e r v i e w e r s . 

While the above procedures w i l l permit a d d i t i o n a l estimates of prevalence, 
s e r i a l observations of two typos mr^.j be u s e f u l i n order t o evalu-ite incidence. 
The f i r s t w i l l c onsist of r e p e t i t i o n of the same i n q u i r y (mail or personal 
i n t e r v i e w ) and t e s t using p r e c i s e l y the same methods and i n t e r v i e w e r s or 
examiners,, i f p o s s i b l e , and added t o t h i s , ' a d d i t i o n a l i n f o r m a t i o n about bouts 
of d i s a b l i n g r e s p i r a t o r y disease should be obtained, i f p o s s i b l e , from.health .. 
records. Such a procedua?e also, provides a means of evaluating i n t e r v i e w e r 
v a r i a b i l i t y . A second follow-up method c o n s i s t s of determining by comparison . 
w i t h o f f i c i a l records the time ana cause o f d i s a b i l i t y , retirement o r death. 
Such "death clearance" or "retiremcri-t clearance" studies are tedious i f Carried 
out by hand, but can'be done'oti computers w i t h gre'ater f a c i l i t y , • 
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Problems on which research- i s r e q u i r e d 

.Environmental p o l l u t i o n i n general . 

I n o u t l i n i n g research on th,9.hc:alth e f f e c t s of environmental p o l l u t i o n , 
p r i o r i t y has been given, t o the t o t a l impact of a i r and wat-;ir together, and whore, 
i n d i c a t e d .vjith t h a t of food and s o i l . 

.Greater e f f o r t s . s h o u l d bo made t o r e l a t e , both i n breadth and i n depth, 
the kinds and amounts of p o l l u t a n t s from a l l typos o f environments, w i t h l e v e l s 
of p o l l u t a n t s and t h e i r metabolites i n body ti s s u e s and f l u i d s , and w i t h h e a l t h 
e f f e c t s . i n man -nnd animals using epidemiological and Laboratory methods. 

B e t t e r ways should be sought of f a c i l i t a t i n g more r e l i a b l e e x t r a p o l a t i o n 
of experimental and animal data t o p o l l u t a n t e f f e c t s - o n man. ' 

The general problem of the means of the body's defence against p o l l u t a n t s , 
e s p e c i a l l y " a t low l e v e l s and the r e l a t e d problems of adaptation should be pur- -
sued v i g o r o u s l y , b o th i n animals and i n man. , ' , 

• The r o l e a bsorption, d i s t r i b u t i o n , storage and e x c r e t i o n play i n . p o l l u t a n t : 
t o x i c i t y should b-v. more'widely and thoroughly studied. 

Increased research a t t e n t i o n should be givgn t o substances suspected of 
having carcinogvmic, mutagenic or teratogenic e f f e c t s . 

Increased a t t e n t i o n should be devoted t o the study of e f f e c t s of p o l l u t a n t s 
on ag-;:ing and l i f a - s p a n shortening. 

I n d u s t r y should be encouraged t o consider, i n ' t h e development of new 
products, not only t h e i r u t i l i t y and s a f e t y i n use, but a l s o the likelihood-of'•' 
t h e i r contaminating the environment a f t e r they have been used, f o r example. '• 
consider th-- b i o d e g r a d a b i l i t y of detergents and the combustion products "of. • '• ' 
p l a s t i c s . V • .. . . . 

C h a r a c t e r i z a t i o n of p o l l u t a n t s . ^ C h a r a c t e r i z a t i o n of environmental p o l l u t a n t s 
should be made:' i n regard t o a i r , f o r organic compounds of s u l f u r and n i t r o g e n , 
halogenated hydrocarbons and other halog.on compounds, metals and m e t a l l o i d s w i t h 
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p o t e n t i a l e f f e c t s on health; i n water, i d e n t i f i a b l e p e s t i c i d e s and metals and 
m e t a l l o i d s ; i n foods (and beverages) pnsti'cides artd the m e t a l - m e t a l l b ^ 
tz*um. 

E s t i m a t i o n o f body burden. Systematic surveys should be c a r r i e d Out i n many 
goographibal aiBfts o f the metal, p e s t i c i d e and other organic p o l l u t a n t content 
of human t i s s u e includihg'blbod and u r i n e , w i t h special, a t t e n t i o n t o lead," 
cadmiuin-and p e s t i c i d e s . Estimates of the environmental exposure t o these svb-
stances from the a i r , water and food, from smoking and occupation, should be 
made simultaneously wherever pos s i b l e . S i m i l a r data from w i l d and domesticated 
animals should a l s o be sought. 

Follow-up of h e a v i l y exposed populations. C o n t r o l l e d , long-teim follow-up 
studies should bo mado among defined populations having unusually high exposure 
t o p o l l u t a n t s which may a f f e c t the general community. These occur, both i n 
occupational groups and i n l o c a l groups of the general population, such as 
those e;q)bsed t o unusually high concentrations of lead ( f o r example, t r a f f i c 
policemen), populations i n the v i c i n i t y of metal r e f i n e r i e s , populations i n 
l o c a t i o n s where the chromium l e v e l i n the drinking-wa.ter.is high, populations , 
Bjqjosed t o ozone in;cold-storage p l a n t s and whers ozone i s used f o r odour con
t r o l , mercuiy-exposed groups i n and around a l k a l i n e c h l o r i n e p l a n t s , arsenic-
exposed groups i n communities vjhers high-arsenic-content coal i s used, carbon-
monoxido-exposed groups i n c i t i o s , w i t h high a u t o - t K i f f i c density and among workers 
i n s t e e l m i l l s . The, aim of a l l these studio;s should be t o , d e t e c t small d e v i a t i o n s 
from normal f u n c t i o n , using s e n s i t i v e p h y s i o l o g i c a l and biochemical methods, as 
w e l l as differsmces i n m o r b i d i t y and m o r t a l i t y . . . 

Study o f populations w i t h unusual exposure_S: t.o..in3e.cticides... Retrospective ..and 
e s p e c i a l l y prospective epidemiological studies should be made i n ^ groups exposed 
t o unusual amounts of c h l o r i n a t e d hydrocarbon, organo-phosphates and other 
p e s t i c i d e s . One such population i s i n the v i c i n i t y of Ferrara, I t a l y . These 
i n v e s t i g a t i o n s w i l l bo more'valuable i f they are co-ordinated w i t h studies o f 
the e f f e c t s of p e s t i c i d e s on thg^^fauria i n the area. The studies should include 
possible chronic; and I n d i r e c t e f f e c t s of absorption of the. p e s t i c i d e s . S i m i l a r 
studies would be p a r t i c u l a r l y appropriate i n a r e a s where i n t e n s i v e p e s t i c i d e 
use i s c a r r i e d out i n conjunction w i t h ma.laria e r a d i c a t i o n programmes. 
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Development of p o s t a l quoFtionnsire methods. A f e a s i b i l i t y study should be made 
of a cros s - s e c t i o n a l survey of r e s p i r r . t o i y and cardiac (and p o s s i b l y eye and 
skin ) syuptoms using a standardized ms.iled. questionnaire i n a l a r g o number of 
pop u l a t i o n groups i n d i f f e r e n t c o u n t r i e s . The areas chosen should have l a r g e 
d i f f e r e n c e s i n p o l l u t i o n : and climr.te. Standardized measurements of p o l l u t i o n 
w i l l a l so be r e q u i r e d and a system w i l l be needed f o r i n t e r v i e w i n g a.sample of 
the population t o check the v a l i d i t y - o f - t h e mp.iled questionnaire, and t o confirm 
the- h i s t o r i e s of exposure. 

Possible r e l a t i o n s h i p of cor pulmonale t o p o l l u t a n t exposure. F u r t h e r i n t e r 
n a t i o n a l comparisons should be made'in selected h o s p i t a l s , of the p r o p o r t i o n of 
the admissions w i t h cor pulmonale,^ and of i t s incidence at-autopsy. Standardized, 
c r i t e r i a i d . l l be r e q u i r e d , f o r diagnosis.:in-,life and a t ,?utopsy. 

I n t e n s i v e study of epidemic r e s p i r ^ . t o i y a l l e r g i e s . . Episodes of l o c a l a i r p o l l u 
t i o n , suspected of being r e l a t e d t o "epidemic respire.tory a l l e r g i e s " , should be 
i n v e s t i g a t e d . 

Uniform occupational exposure data. The long-term e f f e c t s on h e a l t h of p o l l u t i o n 
(and of a l l other environmental f a c t o r s ) r e q u i r e f o r t h e i r s o l u t i o n a c o n t i n u i t y 
of i n f o r m a t i o n about the i n a i v i d u a l and h i s environment over a l i f e - t i m e ; -
Countries should be encouraged t o develop uniform and comparable records'and 
make them accessible f o r h e a l t h ngsearch so as t o pool i n f o r m a t i o n on occup^.tion, 
residence, sickness and death of i n d i v i d u a l s and p o p u l a t i o n groups. - '•' ' ' 

Standardization of observations , ,: , 

Standardization of laboratory'- methods.. The development and standa r d i z a t i o n • 
,of, methods of l a b o r a t o r y i n v e s t i g a t i o n should b.; concerned w i t h - a t l e a s t ;-
fi-ve problems: ( i ) m d er use of new a n a l y t i c a l methods f o r pollu-tantsj ,-\ 
( i i ) development, of mathematical models f o r e s t i m a t i n g i n t e g r a t e d doses of 
p o l l u t a n t s ; ( i i i ) comparison of methods of measuring p h y s i o l o g i c a l and 
biochemical responses t o p o l l u t a n t s ; ( i v ) development of new measuii^s of 
response; ( v ) r a p i d screening methods f o r i d e n t i f i c a t i o n of h e a l t h hazards 
associated w i t h new chemical p o l l u t a n t s . ,: L, ; 
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Standardization of epidoinlological methods. Reference centres shotild be 
designated t o develop, t e s t an_^ standardize epidemiolog'ical methods f o r 

- i n v e s t i g a t i n g long-term' e f f e c t s of {jollutawbs. I n i t i o should-
be given t o questionnaires, both personal and p o s t a l , f o r studying r e s p i r a 
t o r y reactions t o p o l l u t a n t s . Such centres should a l s o t r a i n personnel 
i n standardized methods, de'velop standard methods f o r measuring exposures 
i n the populations; studied, and, through contact w i t h f i e l d operations, 
maintain comparability between studies. 

Animal oxper-jments 

Experimental exposures t o r e a l i s t i c p o l l u t a n t mixtures.; Animal exposures 
should be performed using r e a l i s t i c mixtures and l e v e l s of ear p o l l u t a n t s 
and simultaneously using water, and food which c o n t a i n r e a l i s t i c amouffits 
and types of. contaminants. Among the observations which should be made 
are -those of t o x i c i t y , e f f e c t s on s o c i a l behaviour and e f f e c t s on ageing 
and l i f e - s p a n . 

Largeracala experiments. .For purposes of improving the r e l i a b i l i t y o f 
e x t r a p o l a t i o n o f low prevalence events f o r p r e d i c t i n g human h e a l t h hazards, 
the use i n selected experiments of l a r g e numbers (thousands) of. aniraali i s 
recommended. 

E f f e c t s of p o l l u t a n t s i n combination w i t h i n f e c t i o n . Selected experiments 
should combine p o l l u t a n t exposures itdth exposures t o i n f e c t i o u s agents/ 
both n a t u r a l l y occurring and experimentally introduced. Studies should 
also be c a r r i e d out i n animals w i t h s p e c i f i c organ impairment or general 
d e b i l i t y , . 

Epidemiological studies i n animals. Epidemiological studies of p i o l l u t a n t 
e f f e c t s should include the n a t u r a l environmental receptors of p o l l u t i o n 
and w i l d and-domesticated animals, i n the l a t t e r case through cooperative 
v e t e r i n a r y research. iJork on development of new inbred s t r a i n s and hew 
species of a h i m i l s f o r laborr'tory i n v e s t i g a t i o n of p o l l u t a n t e f f e c t s should 
bo i n t e n s i f i e d . 



Enzyme studies 

Role.of enzymes in adaptation to pollutints. .Further steps should be taken 
. to determine which pollutants stimulate the production of adaptive enzytaes 
in animals and rar.n, with special attention to reputitive stimulation, as 
part of an ovor-all effort to understand the defence mechanism of the body 
against pollutants. Difforv;nccs in ?:esponso in diffca-ent host species%nd 

• stra.ins should bo detemined; .the effects of age on these relationships 
should bo ovcluatcd, Rcse.-'.rch on the mechanisms of these changes is also 
needed. 

Immunological reactions to pollutants.. Research should bo continued on 
the Immunological recponses to p'l^llutant exposure' .and on which pollutants 
have important effects in this respect, as well as the effects of pollu
tant combinations on the immunological process. Research should be 

• continued and exp.anded on the immunological effects of infection, delibe
rate and natura.l, superJjBposed on pollutant exposures. 

- Other adaptiv;vmechanisms. Invcistigations should be made, on thti-ways-.irx.v 
• which^the-central- nervous systc«m contributes to the maintonance of homeo-

static equilibrium- .̂nd thus to defence .nnd ad-aptation to pollutant . 
- exposures. Efforts 3houl.d also be- made to find w.=iys of improving the 

natural defencos aj.-'.inst polJLut.̂ .nto and -the adaptation mechanisms of the 
body. 

Metabolism of absorbed pollut.^nts 

Investigations should be extended on the absorption, distribution, mebabolii.;; 
storage'and excretion of onvi.ronmenbal pollutantu; this should include such' 
routes of emtry as skin, respiratory .and gastro-intcstinal tracts. The studies 
should be focused on compound groups or t.ypes, for instance,the carbamates, or 
other newly introduced pesticides, the epoxides, the more important aromri.tic 
-amino and nitro compounds, alk^/l nitrosamines, and other substances with 
carcinogenic, mutagenic or tGr?.togonic potential, certain halogenated substances, 
aerosol combinations and metals and mf.^talloids. 



Carcinogenic and mutagonic studies 

Research on the carcinogenic and mutagenic p o t e n t i a l of p o l l u t a n t s should 
be d i r e c t e d t o the e f f e c t s of f i v e f a c t o r s : ( i ) route of e n t r y ; ( i i ) metabolic 
t r a n s p o r t ; ( i i i ) species d i f f e r e n c e s ; ( i v ) prcmiotors or accelerators; 
( v ) dose-response r e l a t i o n s h i p . Research on.detomining te r a t o g e n i c e f f e c t s 
should be i n i t i a t e d v i i t h the object of determining the lowest dose of the agent 
from water or a i r p o l l u t a n t s which w i l l r e s u l t i n e f f e c t s . 

Long-torm p o l l u t a n t e f f e c t s on ageing 

Research on ageing or l i f o - s p a n shortening e f f e c t s should 
a. screen p o l l u t a n t s i n order t o detonnine whether such e f f e c t s ' a r e 

. l i k e l y , and the dose-response p a t t o m ; 
b. determine the processes by which these e f f e c t s occur; and 
c. attempt t o e s t a b l i s h c r i t e r i a f o r d e f i n i n g the ageing procsss. 

A l i s t of the research problems given i n t h i s s e c t i o n t o g e t h e r " w i t h other 
i n v e s t i g a t i o n s proposed by the S c i e n t i f i c Groups and t h e i r recommendations t o 
WHO are given i n "Research Problems i n Environmental P o l l u t i o n " . 
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1.-' ..'•INTRODUCTiON • / . , •, • -• . .-. 

This document dea:is with WHO International Reference Centres (IRC) and Regional 
Reference Centres (RRC) and their relations to each other and to National Reference 
Centres ( N R C ) . These three types of centre together form an important world-wide 
network of institutions with the aim of promoting the use of specific standards in 
materials and practice and of developing research and collaboration on problems" 
•arising from the reference work of the centres. 

. Many types.of- reference centre are Included.among the international activities 
and responsibilities of V/HO. Their variety Is.too great for a comprehensive statement 
about them a l l , however brief. A general statement should, however, be helpful for 
those concerned with them. 

2 , DEFINITIONS ' ' ' 

(a) An International Reference Centre (IRC) Is an institution designated by , 
WHO, or by competent and specialized international bodies, to assist i n the 
development and maintenance of high standards of work' i n specialized fields, 
where such are needed."*" An IRC provides'certain services of international 
value to ..practice or research i n medicine. and public health. The aim of these 
services is to achieve' improved precision, r e l i a b i l i t y , consistency and- compara-

• b l l i t y i n practice, and better results from national and international s-tudies. 

(b) A Regional Reference Centre (RRC) has responsibilities similar to those 
of an IRC but restricted to those I t is f i t t e d to accept and limited to a group 
of geographically r e l a t e d - c o u n t r i e s I t collaborates vflth the IRC i n i t s 
f i e l d by collecting certain, data- and. materials^ assisting i n the development of 
classifications, etc., and has closer contact with NRCs for consultations. I t -
deals with inquiries from WCs and passes on to the IRC only those problems that 
it ' , cannot resolve..., I t . i s established by WHO i n consultation with the IRC. 
Usually there is only one RRC i n a region. . I f there are no RRCs there is 
direct communication between NRCs and IRC;̂'. 

•'" There are joint WHO/FAO IRCS for subjects of interest to both organizations, 
e.g. brucellosis, leptospirosis. 

2 
No useful, distinction can be made, in connexion with IRCs, between services to 

practice and services to research. 
The term "regional" is used here for a geographical grouping which is not 

necessarily equivalent to a WHO region. 
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IRC 

(c) A National Reference Centre (NRC) is established by a government;to provide 
consultant services i n a particular f i e l d , and i t is responsible to the government 
alone. An NRC may establish direct contact with the related RRC and, i n the 
absence of an RRC, with, the IRC. The NRC is entitled to receive, upon request 
from the RRC or.IRC, samples.of standard materials and related information on the 
methods of use of such standards. I t passes these on in turn to other national 
institutions (NI) and industries. In the absence of either an RRC or. an NI, an 
individual worker or a scientific or industrial institution may ccmirunlcate 
directly with an IRC and may receive on request standard or reference materials 
from the IRC i f sufficient are available. ' 

(d) WiO collaborating laboratories may be' of several kinds: 

( l ) A laboratory may be selected by an IRC, i n agreement with WHO, to work 
exclusively with the IRC for perhaps a year or two on some task requiring 
international collaboration. • . 

( i i ) A laboratory may be selected by WHO in agreement with an IRC to v/ork 
with the IRC for a few months on checking proposals for an international 
classification, nomenclature, etc., before the IRC presents i t to WHO. 

.. ( i i i ) .A laboratory may be selected by WHO to work directly with the. . 
, Organization for a certain period in-collecting Information or materials, or 

in carrying out certain reference duties more limited than those entrusted 
to a designated reference centre. 

The following diagram suggests the relationship between RCs: 

' INTERNATIONAL REFERENCE CENTRES ' 

IRC IRC, ' . IRC 

RRC RRC ... 
NRC 

NI 
' NRC NRC 

NI NI NI NI ' NI NI NI. NI NI 

NRC 

NI NI Ni NI NI NI 
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3. , DENCMINATION 
The name i n most general use is "international Reference Centre", although some

times "Laboratory" is used instead of "Centre". 

I f an International Reference Centre has been designated by WHO i t should carry 
the words "World Health Organization" or the i n i t i a l s "WHO" before i t . "Reference" 
has the meaning of "submission of a matter to some authority for discussion or infor
mation", and "consultation" is also implied. Although i n some Instances "laboratory", 
might have a more specific meaning than "centre", i n general i t is restrictive and 
for this reason the word "centre" is preferred. Thus the generic name would be 
"WHO International (or Regional) Reference Centre for . . .". 

I t may be undesirable to change the names of long-established reference labora
tories but future reference institutions should be designated "ICRs" or "RRCs" as 
far as this is reasonable. 

4. PURPOSES AND DUTIES 

(a) Purposes ' ' 

The purposes of the IRC a.re to perform and develop services to practice or 
research In medicine or in.public health. These may be indicated diagrammatically 
in the order in which their activities.often develop: 

CONSULTATION COLLECTION 

ESTABLISHMENT OP STANDARDS AND REFERENCE MATERIALS 

I ' • — : H ^ 1 r 
EXCHANGE OF INFORMATION PRODUCTION DISTRIBUTION TRAINING 

( i ) Establishment of standards (upon request of WHO) 

Designation of particular materials to serve as international standards 
or as reference preparations (and definition of international units). The 
development of standard nomenclatures, classifications, or minimal 
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requirements for biological substances, ..lists of normal or. permissible 
levels of toxic substances i n the body- or of potentially harmful radiation, 

. standard (uniform) techniques, methods, etc.''" recommended for international 
use. 

. The general procedure for this work, especially i n nomenclatures and 
classifications, is that an IRC serves as a co-ordinating centi'e on behalf 
o_f and responsible to WHO. I t should not' .-nake or publish any interim or 
fi n a l statement on these without the.consent of WHO. 

In cancer pathology, for example, with the help of an advisory group 
of experts from different countries and representing different academic 
traditions, a tentative classification, standard, etc., is prepared. This 
is then studied by the IRC and several collaborating laboratories.- The 

, proposals arising therefrom may be sent for a few .months to other collabora
ting laboratories for checking before their presentation by the IRC to WHO . 
for recommendation for international use, with:or without suhmicsinn to a 
WHO,advisory group. Related competent specialized international bodies ma.j 

be consulted at the I n i t i a l stage of the above procedure and for the subse
quent promulgation of the standards. The development of international nomen
clatures, classifications, standard reference materials, etc. is usually an 

1 activity of limited duration. When this has been completed - after year 
or more - the IRC may become a centre for international consultation* i f the 
head of the centre agrees. The work of the collaborating laboratories may 
then be regarded as ended except that i t may be practical to use some of the 

• • former collaborating laboratories for training, after consultation with WHO.. 

WHO is Interested i n , and responsible for, establishing International standards 
for the determination of potency and international requirements for the quality of 
biological substances, as well as recommended specifications for pharmaceuticals and 
other substances, materials, etc. I t cannot, hov/ever, assume wider responsibilities-
f'or the. quality of materials commercially produced than to recommend that they be tested 
for conformity to the recommended requirements and specifications. Batches, after 
testing, can be stated to' conform or not, but statement of conformity cannot be 
considered as "WHO approval" for the product,' 

A standard is an authorized exemplar (model for imitation) of a Unit of measure
ment, e.g., the former standard metre. A biological standard is established to 
specify a biological property, e.g., potency, i n terms of a unit, as for instance, units 
of insulin. The term "standard", however, is often used in the sense of "uniform", 
e.g., standard method. 



The main purpose of the development of standard nomenclatures and 
classifications i s to increase the comparability of the studies of popula
tion groups, i n different countries. Thus a nomenclature or classification 
can.usually be regarded as satisfactory for this purpose i f i t provides for 
90 or 95 per cent, of the situations i n which I t w i l l be used. 

Nomenclatures and classifications must, before f i n a l acceptance by WHO, 
•be thoroughly studied to reduce variability both between different specia
l i s t s (inter-observer variability) and by the same specialist on different 
occasions (intra-observer v a r i a b i l i t y ) , i n order to determine their suita
b i l i t y for general use. I t is better to have fewer but less highly 
.specified terms with higher intra- and inter-observer comparability than to 
have more and very specific terms and less comparability. 

( i i ) Consultation (upon request of RRCs or. In their absence, of NRCs or 
of WHO) 

( 1 ) Identification of strains, organisms, parasitesj vectors, tumours, 
etc. 

( 2 ) Checking of accuracy and consistency of technical methods>' etc. 

(3) • Control of other recognized, standards relevant to the IRC. 

( i l l ) Collection; production and distribution of materials (upon agreement 
with WHO and upon request from RRCs or NRCs) 

( 1 ) Reference or standard strains of organisms, insects or animals, 
. normal or abnormal, for specific purposes. 

( 2 ) Reference or standard materials, sera, reagents, hlstopathological 
preparations, frozen tumours, k i t s , etc. 

, This work is based upon the.acceptance of international standards and 
international reference materials and may continue indefinitely. However, 
excessive demands on the services of the IRC should be avoided by. the work 
and screening of the RRCs and NRCs. The costs involved i n these ac t i v i t i e s , 
e.g. distribution, are provided for by the-WHO payment to the IRC. ' 
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(iv) , Exchange of technical information (a routine duty) 

Periodical'reports'Should be made to WHO of the work proposed in the • 
Letter of Designation and technical service agreement and of other relevant 
technical data, such as strains of organisms identified and details of their 
sources''' and material collected and distributed. Data from them w i l l be 
distributed by WHO to relevant RRCSj NRCs and other interested institutions . 
and workers. The preparation of manuals may be necessary. 

(v) Training (upon request of WHO or governments) 

There is' increasing need for the training of WHO fellows.and re'search 
training grantees, and other trainees. Training may start at an-IRC.at any 
time after i t s designation but i t is. preferable to start i t after a' classi
fication, technique, etc. has been established-. I t may be undertaken in 
RRCs or collaborating laboratories with adequate f a c i l i t i e s . ..Before a 
fellowship or research training grant is awarded by WHO for study at an IRC 
or arrangements for other trainees are made, acceptance of the 
trainee by the centre must be obtained. 

prospective 

(b) Duties . / ' 

The duties of the IRC and the activities of the. host institution shpuld not 
be confused. The duties of the IRC must at a l l times be directly related to the 
purpose for which i t was designated. The host institution Will almost certainly 
carry out research and .have clinical f a c i l i t i e s and a library; i t w i l l also 
perhaps be entrusted with epidemiological or other responsibilities by the national 
health authority. These are.not necessarily among the-duties of an'IRC or RRC 
which has alssumed international or regional responsibilities for other relevant 
duties. However, In certain scientific fields the close interest of the head 
of the IRC or RRC' in the material received at the centre has led to a broader 
approach to new problems involving further collaborative and co-ordinated research 
among the IRCs and RRGs. ' ' •' ' 

T ' 
• Often only, atypical and unrepresentative strains- are sent to the IRC. 
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5 . REPORTING BY WHO-IRCs AND WHO-RRCs 

Periodical or annual technical reports on the work done should be submitted to 
WHO. These may be distributed by WHO to other interested institutions (see 4 ( i v ) ) . 
Reporting the presence and spread of a disease in a country Is usually the responsi-
bi l i t j ' ^ of the national health authorities. 

6 . CRITERIA FOR SELECTION OP AN IRC 

(a) Subject 

In the designation of a WHO-IRC for a particular subject, a major, criterion 
is the need, due to absence, or inadequacy, of standard materials, classifications, 
nomenclatures, reagents, etc. for international purposes. The present or future 
importance or prevalence of the condition not already adequately studied, geo
graphical differences of prevalence, and the needs of V/HO programmes should be 
taken especially into account. 

(b) Locality ' ' . ' 

The choice of locality depends upon the presence of a suitable research 
institution and the availability of, and ready access to, material. I f there is 
more than one suitable institution for a particular subject, geographical position 
should be taken into account and the concentration of IRCs i n a few countries 
should be avoided. 

(c) Institution 

The most important single criterion i n the choice of institution is the 
availability of a man or woman of outstanding professional capability in the 
proposed subject, who w i l l serve as head of the centre and who, with the i n s t i 
tution,' w i l l be responsible to WHO for the IRC; his. acceptability to other • 
workers i n the f i e l d concerned is also essential to ensure their co-operation. 
An IRC cannot be designated u n t i l the head of the centre is known and the consent 
of the director of the host institute has been obtained. • 

Other supporting factors which must always be ensured before the designation 
of an IRC include: availability of other qualified professional staff; active 
relevant research i n the host institution; certain basic f a c i l i t i e s , such as 
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laboratory space, technical and clerical staff, equipment, animal supplies 
( i f necessary), distribution resources, etc. The location of related designated 
and planned regional and national reference centres w i l l also be taken into. 
account. 

In selecting an institution to be designated as a WHO-IRC careful;considera-
. tion should be given to the probable continuity of the responsible specialist^ 
officers. I t i s , however, important that the IRC should not be dependent 
solely upon one particular person i f i t is to contiime with functions other than 
those of definition. In other words, the proposed host institution should be 
sufficiently, large or important to ensure the continued activity of the IRC even 
i f the key person should cease to be In charge of the IRC or other specialist 
staff be changed. In the past, when a post which included that of the head of 
an IRC has had to be f i l l e d , the host institutions have often kept i n mind the 
duties of the IRC. 

1 The fin a l selection of priority, subject, and institution and the definition 
of the precise duties of the WHO-IRC are made by the Director-General. 

7. DESIGNATION 
When.the Director-General has approved the' establishment of a WHO-IRC in a host 

institution, the approval of the director of the latter is sought. At the same time 
the government is informed of WHO's intention to designate the c e n t r e O n l y 'after 
the director's approval has been received is a letter of designation sent to the head 
of the future RC. This letter clearly states the duties and responsibilities of the 
centre and also WHO's responsibility towards the centre, including any annual payments 
to be made by WHO and the probable periqd of such support. A formal technical. . 
services agreement between WHO, the director of the institute> and the head of the RC, 
confirms this arrangement on forms WHO 562 and 363, and is renewed annually, as 
required, on the same forms. 

When a WHO-IRC with consultant and training duties has been designated, a l l WHO 
regional offices are informed and are requested to notify the governments in their 
region of this designation, the duties of the centre, and the services available from 
i t to RRCs and NRCs. 
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The designation of IRCs with consultant duties w i l l , also be reported in-the 
WHO" Chronicle with ci statement of, the services available to NRCs. 

8. RESPONSIBILITIES OP WHO TOWilRDS WHO-IRCs AND VfflO-RRCs 

Financial support - ' , 
VJHO's financial contribution to an IRC or RRC is intended solely for the-work 

of the reference centre. The WHO payment is intended to assist i n the provision 
of such items as additional equipment, technical, clerical or professional assistance 
f a c i l i t i e s for training; , packing and distribution of materials and' information; and 
any other expenses directly related'to the work of .the centre; i t is not" intended to 
replace' any of the existing financial support received from the host institute'. 

WHO payments to, WHO-IRCs and RRCs are generally for one year only. • Continuing 
future support may be fores'een, subject to availability of funds, but this does not 
imply any commitment on ,the part of WHO. A new agreement is negotiated for each 
year. 

Co-ordination between RCs 

For better co-ordination of the work, i t may sometimes be necessary for VfHO to 
convene meetings of directors of WHO-IRCs and of WHO-RRCs. 

i' • J . , • •• , - . . , 

9 . RESPONSIBILITIES TO VmO-IRC OF HOST INSTITUTION 
The host, institution v / i l l provide to.the WHO-IRCs, free of-charge, laboratory 

accommodation and basic equipment, basic sorvices, and staff (which should a'lready be 
available). This .will be agreed with WHO in correspondence before, the designation 
is made. 



AEMEX I I I ' 

SUPPLEJIENTARY .INP0R11A.TI0N PROM WITO OF AIR POLLUTION 

INTRODUCTION •. 

The problem o f a i r p o l l u t i o n has t h r e e main aspects : 

1. The phenomenon i t s e l f : the sources o f p o l l u t a n t s and t h e i r measure 
ments,' the d i s p e r s i o n o f c o n t a m i n a n t s i n the atmosphere, the p h y s i c a l 
c o n d i t i o n s under which the d i s p e r s i o n i s p o s s i b l e o r i m p o s s i b l e , the 
s e l f - c l e a n i n g mechanism o f t h e atmosphere, the v a r i a t i o n s i n the concen
t r a t i o n o f the p o l l u t a n t s , and so onv To l e a r n more about the phenomenon 
of atmospheric p o l l u t i o n would o b v i o u s l y l e a d t o a deeper u n d e r s t a n d i n g 
o f the problem and a b e t t o r knowledge o f how t o combat i t s e f f e c t s . 
W i t h o u t t h i s u n d e r s t a n d i n g a l l e f f o r t s would be i n . v a i n . 

2. The consequences o f a i r p o l l u t i o n , o f w h i c h the most i m p o r t a n t 
d i r e c t l y a f f e c t l i v i n g c o n d i t i o n s and human h e a l t h . But a p a r t f r o m these 
t h e r e i s a n o t h e r consequence, t h e s i g n i f i c a n c e o f w h i c h , f o r i t s e f f e c t s 
on human l i f e , most people do n o t r e a l i z e - namely, p o l l u t i o n - i n d u c e d 
change i n weather and c l i m a t e . Por example, atmospheric p o l l u t i o n on a 
s m a l l s c a l e b o t h i n t i m e and space, may reduce v i s i b i l i t y , w h i c h c o u l d 
i n turn a f f e c t many human a c t i v i t i e s . L a r g e - s c a l e atmospheric p o l l u t i o n 
may reduce s o l a r r a d i a t i o n r e c e i v e d a t the e a r t h ' s s u r f a c e , t h r o u g h the 
s u r r o u n d i n g atmosphere| t h i s , i n t u r n , may b r i n g .about an i m p o r t a n t 
change i n the temperature regime o f the atmosphere. The e f f e c t s o f the 
e r u p t i o n o f K r a k a t o a , i n August 1883, were p o w e r f u l enough tO; be f e l t f o r 
o v e r t h r e e y e a r s ; they i n c l u d e d mean summer tem p e r a t u r e s some.2" t o 3°C 
below the normal f o r the month. Recent r e s e a r c h i n the Main Geophysical. 
Observatory o f L e n i n g r a d has shown .that the .average amount .of. ^solar r a d i a 
t i o n r e c e i v e d has been g r a d u a l l y , ^decreasing s i n c e 1940». T h i s may a l s o be 
a t t r i b u t e d t o the i n c r e a s i n g p o l l u t a h t - c o n t e n t o f the atmosphere. 

3. P r e v e n t i o n o f a i r p o l l u t i o n . The problem here i s t w o - f o l d and can 
be s t a t e d b r i e f l y as f o l l o w s : 

( l ) P r e v e n t i o n o f a i r p o l l u t i o n i n r e g i o n s where sources o f p o l l u t i o n 
a l r e a d y e x i s t ( e s p e c i a l l y i n major i n d u s t r i a l a r e a s ) . 

To t h i s end we should.perhaiJS c o n s i d e r t h e f o l l o w i n g p o s s i b i l i t i e s : 

' ( a ) : A p p l i c a t i o n o f new t e c h n i q u e s ( f i l - t e r s , - . v e r y h i g h chimneys, e t c 
i n o r d e r t o reduce the degree o f a i r p o l l u t i o n as much as 
p o s s i b l e . 
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( b ) E m i s s i o n o f p o l l u t a n t s i n t o t & e • a t m b s p t i e r e ' o n l y when meteoro
l o g i c a l c o n d i t i o n s p e r m i t , as f o r i n s t a n c e when a h i g h degree 
o f t u r b u l e n c e makes f o r r a p i d d i s p e r s a l . 

The f i r s t p o s s i b i l i t y ( a ) i s o f a p u r e l y t e c h n i c a l n a t u r e whereas 
th e second ( b ) r e q u i r e s t h e a p p l i c a t i o n . o f s p e c i a l m e t e o r o l o g i c a l 
knowledge, b o t h t h e o r e t i c a l and e x p e r i m e n t a l . I t a l s o r e q u i r e s 
. a c c u r a t e - i n f o r m a t i o n o n l y . o b t a i n a b l e f r o m s p e c i a l m e t e o r o l o g i c a l 
measurements. I t i s necessary f o r t h i s purpose t o f o r e c a s t meteoro
l o g i c a l c o n d i t i o n s i n o r d e r t o know t h e o u t l o o k f o r t h e d i s p e r s a l 
o f t h e p o l l u t a n t s i n t o t h e atmosphere some 8 t o 10 hours ahead,.or 
even more. Once a g a i n , such p r e d i c t i o n s r e q u i r e s p e c i a l meteoro
l o g i c a l knowledge and cannot be made i n a r o u t i n e way. 

P r e v e n t i o n o f a i r p o l l u t i o n ( o r a t l e a s t m i n i m i z e i t ) i n hew i n d u s 
t r i a l a r e a s , now b e i n g planned-or-,to be planned i n t h e f u t u r e . 

Here vje.should mention t h a t b e f o r e any new i n d u s t r i a l areas are 
pla n n e d - or any new s i n g l e p l a n t , m i c r o c l i m a t o l o g i c a l s t u d i e s 
s h o u l d be made of. t h e s p e c i f i c a r e a . These p r e l i m i n a r y s t u d i e s 
w i l l h e l p determine t h e zone t o - b e - i n c l u d e d . . i n the...plarming a r e a . 
The s e l e c t e d a rea must t h e n be t e s t e d i n o r d e r t o l o c a t e i n 
a p p r o p r i a t e p l a c e s a l l l i k e l y sovo-ces o f p o l l u t a n t s and.: so t o 
f i n d t h e o p t i m u m - s o l u t i o n e n s u r i n g adequate l i v i n g c o n d i t i o n s , 
w i t h i n t h e s p e c i f i c i n d u s t r i a l area p l a n n e d b e f o r e any c o n s t r u c t i o n 
scheme i s i m d e r t a k e n . !x 

The r e p o r t o f MO d e a l s m o s t l y w i t h t h e second a s p e c t o f t h e p r o b l e m , 
. a l t h o u g h t h e f i r s t and t h i r d are g i v e n good coverage} however, we f e e l 

t h a t r e c e n t m e t e o r o l o g i c a l developments ..in t h e f i e l d . o f a i r p o l l u t i o n 
w a r r a n t some f u r t h e r d i s c u s s i o n . 

T h e r e f o r e , WMO's c o n t r i b u t i o n ^on t h i s , p a r t i c u l a r s u b j e c t i n c l u d e s some 
a d d i t i o n a l ^ c o n s i d e r a t i o n s w h i c h may.promote a b e t t e r u n d e r s t a i i d i n g o f 
t h e p r o b lem as a whole i n t h e l i g h t o f new developments. 

i • 

I I . THE SOURCES OP AIR POLLUTIOlf 

Many e s s e n t i a l a c t i v i t i e s i n t h e developed and d e v e l o p i n g , c o u n t r i e s cause-
atmospherit} p o l l u t i o n . The main sources a r e h o u s e - h e a t i n g , g e n e r a t i n g 
o f e l e c t r i c power and e l i m i n a t i o n o f waste; t h e y a l s o i n c l u d e s p e c i f i c 
i n d u s t r i a l ! i n s t a l l a t i o n s w h i c h may be f a c t o r s i n t h e p o l l u t i o n o f s p e c i f i c 
a reas b u t jthese f a c t o r s may v a r y f r o m one r e g i o n t o a n o t h e r and f r o m one 
ti m e t o a n b t h e r , as w e l l - ( t h i s : p o i n t i s v e r y i m p o r t a n t ) . The i n c r e a s i n g 

. magnitude b f a i r p o l l u t i o n problems w i t h i i j :the community r e s u l t f r o m new 
economic developments, such as i n d u s t r i a l complexes as w e l l as new 
r e s i d e n t i a l a r e a s . 

(2) 

I 
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I n r e g i o n s where the c o n c e n t r a t i o n o f motor v e h i c l e s i s h i g h more sus
t a i n e d a t t e n t i o n i s r e q u i r e d t o t h e a i r p o l l u t i o n caused by t h e i n t e r n a l 
combustion engine ( i n c l u d i n g t h e P l e s e l e n g i n e ) , , w h i c h o f t e n assumes 
'co n s i d e r a b l e Goncentrations. I n c r e a s i n g energy r e q u i r e m e n t s have l e d and 
are s t i l l l e a d i n g , t o . a more r a p i d g r o w t h i n t h e consumption o f P i e s e l f u e l , 
f o r g e n e r a t o r s . : The a g g r a v a t i o n , o f a i r p o l l u t i o n by s u l p h u r dio'xide ' 

- w h i c h may o c c u r - t o g e t h e r w i t h soot and smoke can a l s o be a c s o c i a t e d w i t h 
t h e i n c r e a s i n g energy r e q u i r e m e n t s . I t i s q u i t e obvious t h a t e f f i c i e n t 
combustion p r a c t i c e s can minimize the l a t t e r b u t n o t the f o r m e r . 

There a r e , o f c o u r s e , many o t h e r sources o f p o l l u t a n t s , the s o - c a l l e d 
" n a t u r a l sources" i n . w h i c h we may i n c l u d e v o l c a n i c e r u p t i o n , cosmic 
d u s t , s a l t f r o m sea w a t e r ( a f t e r the': e v a p o r a t i o n - o f t he small;-sea w a t e r 
d r o p l e t s ) , smog f r o m f o r e s t f i r e s , carbon d i o x i d e f r o m v a r i o u s n a t u r a l 
sources e s p e c i a l l y f r o m t r e e s a t n i g h t ' t i m e , e t c . , t o name b u t few. 

• S c i e n t i s t s b e l i e v e t h a t t he amount o f , p o l l u t a n t s f r o m n a t u r a l sources ^ 
i s r a t h e r , s m a l l c o m p a r a t i v e l y t o t h a t ' f r o m , human a c t i v i t i e s b u t t h i s i s 
more an assumption than an evident acknowledged f a c t i n t h e p r e s e n t 
s t a t e o f our. knowledge. 

I I I . AIR POLLUTION r-EASUREMENT 

A i r pollution-.-.measurement i s . w e l l covered-by. the'WHO r e p o r t and t h e r e i s 
• l i t t l e to add.However, 'a few words may- be i n o r d e r on the measurement o f 

p o l l u t a n t s outside- - p o l l u t e d a r eas. For t h i s purpose some s o - c a l l e d back
ground stations-.'should ,be e s t a b l i s h e d . These s t a t i o n s ^could p r o v i d e 
i n f o r m a t i o n , by. means•of c o n t i n u o u s measurements, on the g e n e r a l l e v e l 
o f contamination-of->the atmosphere and d e t e r m i n e . l o n g - t e r m changes i n the 
che m i c a l c o n s t i t u a n t s o f t h e atmosphere-. About 50-100 background s t a 
t i o n s would be s u f f i c i e n t f o r t he w o r l d - w i d e .coverage o f b o t h ocean and 
l a n d -areas. W i t h r e g a r d t o l a n d s t a t i o n , d e n s i t y , each c o u n t r y might 
e s t a b l i s h . o n e o r two background s t a t i o n s t o conduct measurements o f • 
contamina n t s a t g l o b a l l e v e l s . Furthermore and a c c o r d i n g t o the s i z e 

• o f the c o u n t r y o t h e r s t a t i o n s c o u l d l a t e r be added t o make the same k i n d 
o f measurements.but a t r e g i o n a l l e v e l s . These background s t a t i o n s c o u l d 
be l o c a t e d ,̂ as, f a r away as p o s s i b l e : f r o m l a r g e urban and i n d u s t r i a l p l a n t s 
and s h o u l d b e . f r e e o f any i n f l u e n c e f r o m s m a l l , l o c a l sources o f a i r 
pollution.......The programme o f work . f o r background s t a t i o n s - s h o u l d i n c l u d e 
weekly average c o n c e n t r a t i o n s o f s u l p h u r d i o x i d e f r o m a i r samples as w e l l 
as t he c o n c e n t r a t i o n o f the major c o n s t i t u a n t s S, C I , NG^ - N, NH-j - N,. 
i l a , K, l i g and Ca fr o m monthly p r e c i p i t a t i o n samples. Measurement o f 
carbon d i o x i d e c o n c e n t r a t i o n a t a few s e l e c t e d s i t e s where r e p r e s e n t a t i v e 
v a l u e s c o u l d be assured^ would a l s o be d e s i r a b l e . The a c t u a l a nalyses 
c o u l d b e s t be c a r r i e d o u t by a few a n a l y t i c a l c e n t r e s . 
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I V . RJLDIOACTIVE POLLUTMTS . 

The d i s c o v e r y o f atomic energy,-the i n v e n t i o n o f t h e atomic homh and, 
i n p a r t i c i i l a r , n u c l e a r weapon t e s t s , have f a c e d humanity w i t h t h e i m p o r t a n t 
prohlem of: pre^venting c o n t a m i n a t i o n and p o l l u t i o n o f t h e atmosphere. The 
danger has hecome q u i t e u n d e r s t a n d a b l e n o t o n l y t o t h e s c i e n t i s t h u t t o 
t h e g e n e r a l p u b l i c . Since t h i s d i s c o v e r y much t h e o r e t i c a l and e x p e r i 
m e n t a l r e s e a r c h has been c a r r i e d o u t . The most i m p o r t a n t r e s u l t s o f 
t h e combined e f f o r t s o f s c i e n t i s t s i n v a r i o u s c o u n t r i e s are d e s c r i b e d 
below : 

( a ) Thanks t o t h e l a r g e amount o f t h e o r e t i c a l s t u d y c a r r i e d o u t , i t i s 
now p o s s i b l e t o d e s c r i b e some processes o f t v i r b u l e n t d i f f u s i o n i n 
our atmosphere, by m a t h e m a t i c a l f o r m u l a e . On t h e b a s i s of,modern 
mathematics new t h e o r i e s have been worked o u t | these i n c l u d e t h e 
t h e o r y o f p o l l u t a n t d i f f u s i o n i n t o t h e t u r b u l e n t atmosphere, t h e 
t h e o r y o f t u r b u l e n t atmospheric f l o w rovind o b s t a c l e s , and so-on. 
W i t h modern e l e c t r o n i c computers, i t i s p o s s i b l e t o use these t h e o 
r e t i c a l models, i n some cases b u t u n f o r t u n a t e l y n o t i n a l l , . a n d t o 
observe and c a l c u l a t e t h e b e h a v i o i i r o f t h e c o n t a m i n a n t s and p o l l u 
t a n t s e m i t t e d f r o m i s o l a t e d p o i n t sources, and even f r o m extended 
a r e a s o i i r c e s , i n t o t h e atmosphere. 

( b ) The e q u a t i o n o f t u r b u l e n t d i f f u s i o n has a l r e a d y been f o u n d . A t 
p r e s e n t i t serves as a b a s i c e q u a t i o n f o r t h e o r e t i c a l i n v e s t i g a t i o n s 
i n t h i s p a r t i c u l a r f i e l d o f r e s e a r c h . 

( c ) The f o r m a t i o n o f p a r t i c l e s i n n u c l e a r bomb d e b r i s has been c o n s i d e r e d 
and t h e t a s k o f f o l l o w i n g up these f o r m a t i o n s a f t e r a n u c l e a r 
e x p l o s i o n i n v o l v e s l o n g and i n t r i c a t e c o m p u t a t i o n s . The d i f f i c u l -
t i e s a r e increased-Mten r e s u l t s are n o t w i d e l y d i s t r i b u t e d , .being 

• w i t h h e l d f o r p u r e l y n a t i o n a l i n t e r e s t s . Consequently, t h e r e s e a r c h 
w o r k e r has t o c o n t e n t h i m s e l f w i t h mere e v a l u a t i o n s and may have 
t o go on c o n t e n t i n g h i m s e l f w i t h these same a p p r o x i m a t i o n s i n t h e 
f u t u r e . • . 

. • i • , • -
( d ) The mechanism o f t h e t r a n s p o r t o f r a d i o a c t i v e p a r t i c l e s and d e b r i s 

as w e l l as ,of t h e o t h e r c o n t a m i n a n t s has a l s o been s t u d i e d a p p r o x i 
m a t e l y . I t i s c o n s i d e r e d t h a t t h e . w i n d i s t h e main f a c t o r i n t h e 
t r a n s p o r t o f p a r t i c l e s and d e b r i s . I t has now become p o s s i b l e t o 
c a l c u l a t e t h e s i z e o f t h e a f f l i c t e d r e g i o n s , by t h e s p e c i a l t e c h n i q u e s 
developed f o r t h e purpose.. . - • -

I . -



( e ) , Some work has been done oh r a d i o a c t i v e d u s t washout f r o m t h e atmo
sphere. S u t t o n ' s t ^ e l l - k n o w n ' d i f f u s i o n f o r m u l a was used as b a s i c 
e q u a t i o n } b u t i t has s i n c e been m o d i f i e d t o y i e l d t h e d e p o s i t due 
t o washout end, as a r e s u l t , two f o r m u l a e have been d e r i v e d f r o m i t , 
one f o r i n s t a n t a n e o u s p o i n t soxirces and t h e o t h e r f o r c o n t i n u o u s 
p o i n t , sources. Using'these two f o r m u l a e , s u i t a b l e f o r e i t h e r assumed 

.... o r a c t u a l c o n d i t i o n s , e s t i m a t e s ban be made o f t h e hazard due t o 
d e p o s i t e d m a t e r i a l o r t o t h e d e p l e t i o n o f a i r b o r n e c l o u d s by removal 
o f r a d i o a c t i v e m a t e r i a l . 

IIETEOROLOGICAL CCromOJTS Airo AIR POLLUTICIT 

The meteorologica,! c o n d i t i o n s (most o f them are mentioned "in t h e WHO 
r e p o r t ) w h i c h i n f l u e n c e t h e d i s p e r s i o n o f atmospheric p o l l u t a n t s , may be 
combined i r i f o r m u l a e for t h e c a l c u l a t i o n o f c o n c e n t r a t i o n s . However a 
d i s t i n c t i o n s h o u l d be made between : 

( a ) P o i n t sources, such as i s o l a t e d chimney s t a c k s j and 

( t ) Area s o i i r c e s , such as l a r g e urbazi communities. 

I n b o t h cases i t i s t h e wind speed,• wind p r o f i l e , w i n d s t r u c t t i r e ( t u r 
b u l e n c e ) , atmospheric s t a b i l i t y and t h e ro\.ighness o f the: ground s u r f a c e , 
t h a t a r e the most i m p o r t a n t f a c t o r s i n d e t e r i a i n i n g t h e . d i s p e r s i o n o f 
p o l l u t a n t s . . . . I n mbsi cases; these f a c t o r s are used q u a l i t a t i v e l y o n l y . 
T h i s i s t r u e e s p e c i a l l y o f ' H n d k t r u c t i a r e , atmospheric s t a b i l i t y and t h e 
roughness of. t h e ground s u r f a c e . These t h r e e j i a r a m e t e r s a r e i n t e r 
r e l a t e d t o some e x t e n t . W i t h r e s p e c t t o p o i n t sources,' t h e e x i s t i n g 
q u a l i t a t i v e methods f b r f b r e c a s t i n g c o n c e n t r a t i o n s expected under v a r i o u s 
m e t e o r o l o g i c a l c o n d i t i o n s can be r e g a r d e d as u s e f u l . The e f f e c t o f 
v e r t i c a l w i n d shear i s n o t i n c l u d e d i n these methods and improvements 
m i g h t be o b t a i n e d by %he i n t r o d u c t i o n o f t h i s e f f e c t . 

A nother s h o r t c o m i n g i s t h e l a c k o f a complete t h e o r y c o n c e r n i n g t h e r i s e 
o f h o t plumes i n t h e atmosphere. There i s a f e e l i n g t h a t a t h o r o u g h t e s t 
i n g o f e x i s t i n g t h e o r i e s would be v e r y u s e f u l . A f u r t h e r d i f f i c u l t y f o r 
t h e c o m p u t a t i o n o f c o n c e n t r a t i o n s o r i g i n a t i n g f r o m p o i n t sources l i e s 
i n t he r e l a t i o n s between maximum c o n c e n t r a t i o n s and sa m p l i n g t i m e s . A 
number o f s t u d i e s - most o f w h i c h are t h e O r e t i b a l - h a v e been devoted 
t o t h i s problem and i t m i g h t be u s e f u l t o append a survey o f p r e s e n t -
day theo3?ies. ' 
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The prohlem o f e s t i m a t i n g t h e p o l l u t i o n l e v e l i n c i t i e s i s much more 
i m p o r t a n t and complex owing t o i n c r e a s i n g u r b a n i z a t i o n a l l over the 
w o r l d . The same f a c t o r s t h a t d e t e r m i n e the p o l l u t i o n l e v e l o f a p o i n t 
source a r e a p p l i c a b l e a l t h o u g h t h e roughness o f the t e r r a i n i s n a t u r a l l y ' 
more i m p o r t a n t . I n f o r m a t i o n on wind p r o f i l e s and s t a b i l i t y i n c i t i e s i s , 
as'a r u l e , l e s s r e a d i l y a v a i l a b l e t h a n f o r r u r a l r e g i o n s . Every p o s s i b l e 
e f f o r t s h o u l d be made t o see. t h a t t h i s i n f o r m a t i o n i s as complete as-
p o s s i b l e . S t a b i l i t y can a l s o be i n f e r r e d q u a l i t a t i v e l y f r o m d i u r n a l 
t e m p e r a t u r e v a r i a t i o n s , as w e l l as fro m w i n d and c l o u d o b s e r v a t i o n s . 

I n p r i n c i p l e , p o l l u t i o n c o n c e n t r a t i o n i n c i t i e s can be d e t e r m i n e d w i t h 
o r d e r o f magnitude a c c u r a c y , by use o f computers- t o a p p l y one o f t h e 
e x i s t i n g p o i n t source models t o the v a r i o u s sources i n th e c i t y and t o 
add t h e r e s u l t s . Such a procedure i s o n l y p o s s i b l e , however, i f a l l 
source..strengths o f the c i t y b l o c k s are known, A b e t t e r e s t i m a t e o f t h e 
e f f e c t s o f th e roughness o f the t e r r a i n and the e f f e c t s o f t r a f f i c would 
a l s o be d e s i r a b l e . The most i m p o r t a n t o b j e c t i o n t o th e method i s , 
however, t h a t a l l p o i n t source models f a i l d u r i n g s i t u a t i o n s w i t h weak 
and v a r i a b l e winds and i t i s e s p e c i a l l y under these c i r c u m s t a n c e s t h a t 
t h e a i r o f a c i t y shows l a r g e c o n c e n t r a t i o n s o f p o l l u t a n t s . 

A nother p o s s i b i l i t y would be t o i n v e s t i g a t e under what g e n e r a l meteoro
l o g i c a l c o n d i t i o n s ( c h a r a c t e r i z e d , f o r example, by c i r c u l a t i o n types 
such as those w h i c h have been d e f i n e d f o r ^ C e n t r a l Europe by Hess and 
Brezowsky) h i g h . c o n c e n t r a t i o n s occur i n urban r e g i o n s . T h i s semi-
e m p i r i c a l method has been i n v e s t i g a t e d i n a number o f c o u n t r i e s and i t 
i s t h o u g h t t h a t i t m i g h t be h e l p f u l i n i d e n t i f y i n g m e t e o r o l o g i c a l c o n d i 
t i o n s conducive t o h i g h p o l l u t i o n l e v e l s . Here a g a i n the problem i s 
• t h a t . c o n c e n t r a t i o n s v a r y w i t h s a m p l i n g t i m e s . A c c o r d i n g t o some computa
t i o n s made, c o n c e n t r a t i o n s i n l a r g e c i t i e s t e n d t o i n c r e a s e p r o p o r t i o n a l l y 
w i t h the'square r o o t o f t i m e ' a f t e r a sudden i n c r e a s e i n s t a b i l i t y . 

, A l t h o u g h t h i s r e s u l t was c o n f i r m e d by th e e v o l u t i o n o f th e a i r p o l l u t i o n 
l e v e l diu?ing, t h e g r e a t smog i n London (December 1952), i t would be w o r t h 
w h i l e t o g a t h e r i n f o r m a t i o n on th e c o r r e l a t i o n s g e n e r a l l y f o u n d between 
c o n c e n t r a t i o n and sam p l i n g ti m e i n c i t i e s . 

V I . FOKECAST OF AIR" POLLUTION , 

Two k i n d s o f a i r p o l l u t i o n f o r e c a s t s are now r e c o g n i z e d , namely : 

(1) C l i m a t o l o g i c a l f o r e c a s t s f o r e n g i n e e r i n g d e s i g n and town p l a n n i n g ; 
and : . ' 

(2) S y n o p t i c f o r e c a s t s f o r s h o r t - t e r m a l e r t s . 
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The u s e f u l n e s s o f s y n o p t i c f o r e c a s t i n g a t p r e s e n t i s . l i m i t e d i n most 
c o u n t r i e s because no l e g a l machinery e x i s t s t o e n f o r c e a r e d u c t i o n i n 
emis s i o n when u n f a v o u r a b l e m e t e o r o l o g i c a l c o n d i t i o n s are f o r e c a s t . 
However, f o r e c a s t s , are v a l u a b l e i n some c o u n t r i e s f o r a l e r t i n g v a r i o u s 
agencies' and encouraging v o l u n t a i y c o n t r o l , I f a t i o n a l h e a l t h a u t h o r i t i e s 
may r e a l i z e ' t h a t many n a t i o n a l M e t e o r o l o g i c a l S e r v i c e s are,, i n a. p o s i t i o n 
t o a s s i s t them i n making f o r e c a s t s o f h i g h p o l l u t i o n l e v e l s . Some • 
examples o f t h i s f o r e c a s t i n g a s s i s t a i i c e are giv e n , below : 

I n the N e t h e r l a n d s , c r i t i c a l . p o l l u t i o n l e v e l s are a t t a i n e d o n l y t h r e e o r 
f o u r t i m e s a y e a r , and,so i t i s n o t easy t o f o r e c a s t p o l l u t i o n l e v e l s 
•on a r o u t i n e b a s i s . . M u n i c i p a l ; agencies c o n t i n u o u s l y m o n i t o r t h e s u l p h u r 
d i o x i d e c o n c e n t r a t i o n and, when i t r i s e S beyond a c e r t a i n l e v e l , t h e y ask 
f o r t h e guidance o f t h e m e t e o r o l o g i c a l s e r v i c e . . 

I n t h e U n i t e d Kingdom, d i f f e r e n t .types o f f o r e c a s t s a re i s s u e d , ' One o f 
the L o n d o n . H o s p i t a l s i s p r o v i d e d w i t h a s p e c i a l f o r e c a s t when the Meteoro
l o g i c a l O f f i c e expects a c o n c e n t r a t i o n o f s u l p h u r d i o x i d e i n the v i c i n i t y 
exceeding 1000 micrdgrammes.per c u b i c metre. T h i s l o c a l f o r e c a s t i s 
based on an e m p i r i c a l f o r m u l a t h a t ' has the f o l l o w i n g v a r i a b l e s :. 

( a ) The i n t e n s i t y o f the l o w - l e v e l i n v e r s i o n , 
( b ) The n i g h t minimiim t e m p e r a t u r e , 
( c ) The w i n d .speed, 
( d ) The amount o f cl o u d i n e s s . . 

I f smog c o n d i t i o n s are expected t o p e r s i s t - f o r about 24 hours.-, a w a r n i n g 
o f p e r s i s t e n t f o g i s i s s u e d t o t h e p u b l i c a.nd t h e y ' a r e advised, t o manage 
t h e i r c o a l f i r e s i n such a way as to m i nimize smoke e m i s s i o n . 

I n t he U n i t e d S t a t e s j f o r e o a s t s . o f - " ' " p o l l u t i o n p o t e n t i a l " are made, w i t h 
t h e a s s i s t a n c e o f e l e c t r o n i c computers . a t . t h e ' J ^ a t i o n a l M e t e o r o l o g i c a l 
Center " p o l l u t i o n p o t e n t i a l " being' the. d i s p e r s i o n and v e n t i l a t i o n - c a p a c i t y 
o f the•atmosphere Whether p o l l u t i o n sources a r e . p r e s e n t o r n o t . These 
f o r e c a s t s are based on a system w h i c h uses radiosonde l a p s e r a t e , r a w i n -
sonde average, winds i n the l o n e r l a y e r s , and " m i x i n g d e p t h " - t h e l a t t e r 
b e i n g r e l a t e d t o a f o r e c a s t o f majcinum t e m p e r a t u r e . Sometimes, when the 
s y n o p t i c s c a l e m e t e o r o l o g i c a l : c o n d i t i o n s ; a r e c o r r e c t l y f o r e c a s t , l o c a l 
i n f l u e n c e s , such as t e r r a i n f e a t u r e s and l a k e - l a n d b r e e z e s , cause v e n t i l a 
t i o n and h i g h l e v e l s o f p o l l u t i o n do n o t o c c i i r . 
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I n many c o u n t r i e s ( i n c l u d i n g Canada, the .i'letherlands, Sweden, U.K.> 
U.S.A. and the. U.S.S.R.) m e t e o r o l o g i c a l s e r v i c e s a re asked f o r a d v i c e 
c o n c e r n i n g l o c a t i o n o f new p o l l u t a n t sources. C l i m a t o l o g i c a l f o r e c a s t s 
are made hy r e l a t i n g t he e m i s s i o n r a t e and the h e i g h t o f t h e chimney t o 
the a t mospheric d i s p e r s i o n f a c t o r s and the c l i m a t o l o g i c a l w i n d d i s t r i b u 
t i o n . I n t h i s r e g a r d i t would be v e r y u s e f u l f o r more c l i m a t o l o g i c a l 
s t u d i e s t o be'made o f d i s p e r s i o n , f a c t o r s . 

V I I . ' SBLF-CLEAWIITG OP THE ATMOSPHERE 

There i s no doubt t h a t t h e r e e x i s t s e l f - c l e a n i n g processes i n the 
• atmosphere, though n o t much i s known about them. T h i s i s a t p r e s e n t a 

n o t a b l e gap i n our knowledge o f a i r p o l l u t i o n as a phenomenon. ' However, 
we know something about c h e m i c a l processes which can c l e a n the a i r . " 

.We a l s o know t h a t , the d u s t i n the atmosphere may v e r y s l o w l y descend 
under the f o r c e o f g r a v i t y , and we a l s o know something about t h e p r o c e s 
ses of.'washout by atmospheric p r e c i p i t a t i o n s . But even t h i s knowledge 
i s v e r y l i m i t e d . P a r t i c u l a r a t t e n t i o n s h o u l d t h e r e f o r e be p a i d t o the 
stud y o f s e l f - c l e a n i n g processes o f the atmosphere.. I f we g a i n such 
knowledge, we s h a l l be a b l e t o be more e f f i c i e n t i n the p r e v e n t i o n o f most 
o f t he consequencies o f a i r p o l l u t i o n . 

V I I I . PLAciTT INJURY BY AIR POLLUTION 

P l a n t l i f e i s g r e a t l y i n f l u e n c e d by a number o f a i r c o n t a m i n a n t s , some 
o f w h i c h may be p r e s e n t i n the atmosphere i n r e l a t i v e l y low c o n c e n t r a 
t i o n s . The s u s c e p t i b i l i t y o f d i f f e r e n t s p e c i e s and even o f d i f f e r e n t 
v a r i e t i e s o f one s o r t o f p l a n t may v a r y c o n s i d e r a b l y . However, surveys 
have.shown t h a t the economic l o s s e s , b o t h d i r e c t and i n d i r e c t , caused by 
a i r - p o l l u t i o n i n j u r y t o a g r i c u l t u r e are e x t e n s i v e and are i n c r e a s i n g i n 

- many p a r t s of the w o r l d . To d e a l a d e q u a t e l y w i t h t h i s p a r t i c u l a r aspect 
o f p o l l u t i o n t he W-IO Commission f o r A g r i c u l t u r a l M eteorology has s e t up 
a s p e c i a l w o r k i n g group w h i c h i s m a i n l y concerned w i t h p l a n t i n j u r y and 
r e d u c t i o n o f y i e l d by n o n - r a d i o a c t i v e a i r p o l l u t a n t s . ."Among the i t e m s 
d e a l t w i t h i n the f i r s t r e p o r t o f t h i s w o r k i n g group we may p o i n t o u t 
the f o l l o w i n g : • . . 

The s t u d y o f p l a n t i n j u r y by a i r p o l l u t i o n i s r e w a r d i n g n o t o n l y i n i t s e l f 
• • b u t ' i n i t s a p p l i c a t i o n t o v a r i o u s o t h e r a i r p o l l u t i o n problems. The f a c t 

. t h a t -some • species o f p l a n t s may be i n j i i r e d "by c e r t a i n c o n t a m i n a n t s - o f con
c e n t r a t i o n s t o o low f o r ready d e t e c t i o n by p r e s e n t i n s t r u m e n t s o r chemic a l 
a n a l y s i s i s o f v a l u e i n i d e n t i f y i n g such c o n t a m i n a n t s . Zimmerman* 
remarks t h a t p l a n t s may be a f f e c t e d by e t h y l e n e a t c o n c e n t r a t i o n s as low 
as one p a r t p e r 100 m i l l i o n , d e t e c t i o n o f w h i c h by ch e m i s t s i s e x t r e m e l y 
d i f f i c u l t . 

Zimmerman, R.E., 1952 : General Session on A g r i c u l t u r a l P a n e l , Proc. o f the 
U n i t e d S t a t e s T e c h n i c a l Conference on A i r P o l l u t i o n , KcGraw H i l l Book Co., 
New York. 
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: The symptoms on p l a n t s have f r e q u e n t l y heen t h e f i r s t i n d i c a t i o n of^ an 
a i r . p o l l u t i o n , p f o h l e m i n an a r e a . Since v e g e t a t i o n does develop c h a r a c -

. . t e r i s t i c r e a d i l y - r e c o g n i z e d ^ " symptoms-when exposed t o low c o n c e n t r a t i o n s 
o f c e r t a i n a i r p o l l u t a n t s , i t can serve as'an i n d i c a t o r o f a i r p o l l u t i o n 
and as. a u s e f u l t o o l , f o r f i e l d ' sxirveys. However,: hecause^ .the.' response 
o f a p l a n t t o a g i v e n c o n c e n t r a t i o n i s - h i g h l y dependent upon a h o s t o f 
e n v i r o n m e n t a l f a c t o r s . , v e g e t a t i o n i s n o t always a good m o n i t o r o f a i r • . 

• ^ • p p l i u t i o n . .. :./ :;. ..^.r.\ 

. . F i e l d s u r v e y s o f v e g e t a t i o n ha.ve a d e f i n i t e p l a c e i n the. asse.ssnient o f 
. an a i r p o l l u t i o n prohlem. The l i m i t a t i o n s of, such, surveys are .bhvious 
h u t o f t e n i g n o r e d . The f i r s t . l i m i t a t i o n - i s i n our a h i l i t y t'p. r e c o g n i z e 

..and i d e n t i f y t h e e f f e c t s o f o n l y about f i v e m a j p r ^ p o l l u t a n t s , s,.,.siulphvir 
d i o x i d e , f l u o r i d e , e t h y l e n e and two members o f the-smog cQmplex.'S'e 
we are. dependent upon the e x i s t e n c e of s u s c e p t i b l e , v a r i e . t ^ 
. c e p t i h l e stage o f g r o w t h a t the time of exposure "^tp" cbncentratibn^^^ 
. q i e n t t o a f f e c t , them. T h i r d l y , a competent^ ohs.eryer m s t ' h e . in,'thet'J 
.at the a p p r o p r i a t e time, t o .observe' the symptoms a f t e r development .and 
b e f o r e the .symptoms have been obscured by o t h e r changes. ¥e'"must always 
.keep., i n mind t h a t v e g e t a t i o n . . i s a rece.pta'r o f v a r i a b l e 'resp.onŝ ê ^̂  
"îP.o:?!..a... h p s t o f p r i o r c o n d i t i o n s . The, o b s e r y a t i o n > f , i n j i i r y . i.de'nt 
. as due t o a s p e c i f i c p o l l u t a n t may demonstrate t h e ' e x i s t e n c e o f 'a. s i g n i -
f i c . a n t ^ a i r p o l l u t i o n problem. F a i l u r e t o i d e n t i f y such symptoms does n o t 
n e c e s s a r i l y ' m e a n t h a t a s i g n i f i c a n t a i r p o l l u t i o n problem does h o t " e x i s t . 

.Plants .also have .a .useful 'role as .monitors o f " a i r p o l l u t i o n . 'The l i m i t a 
t i o n s are somewhat s i m i l a r ' . t o t h e problems i n - u s i n g p l a n t s as a s i i r v e y 
t o o l , . .We o f t e n t h i n k o f u s i n g e i t h e r s p e c i f i c n a t i v e o r s p e c i a l l y p l a n t e d 
p l a j i t g 'as-,A i n s t f u m e h t . Yet i f we do nOt.take i n t o a c c cunt 
a l l the f a c t o r s w h i c h can change the response o f the p l a n t . - the i n s t r u 
ment - t o the p o l l u t a n t , our d a t a ' w i l l n o t be r e l i a b l e . I h ' d r d e r t o 
p r o v i d e , r e l i a b l e . - d . a t a , ..the p l a n t ^ m o n i t o r i n g system. ..requires c a r e f u l 

;. servic.i-ng and .p'ro t e c t i o n , . and the d a t a •derived must^^ he' i n t e r p r e t ^ a 
f u l l x m d e r s t a n d i n g and eva.luation o f a l l t h e . f a c t o r s . w h i c h c q ^ 
response. I t i s no d i f f e r e n t t h a n any o t h e r m o h i t o f i n g i h s t r i i m e h t " i n t h i s 
r e s p e c t , i 

The use of: p l a n t s as t r a c e r s o f atmospheric t r a n s p o r t and d i l u t i o n - i s - o f 
i n t e r e s t t o the m e t e o r o l o g i s t . - O b s e r v a t i o n s o f plantvdamage and meteoro
l o g i c a l c o n d i t i o n s a s s i s t i n i d e n t i f y i n g s ources. This.'is p a r t i c u l a r l y 
u s e f u l when, damage i s cumulative.. (as f o r example, f l u o r i d e s ) . 'When source 
emissions,|. plaint, damage and .meteorology^ are a l l k n o r a ! , . .estimates' o f d i l u -

• t i o n mechanisms can be formed. 
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E f f e c t s o f p o l l u t a n t s on p l a n t g r o w t h and p r o d u c t i v i t y 

S u p pression o f g r o w t h and reduced p r o d u c t i v i t y o f p l a n t s hy a i r p o l l u t i o n 
i s due i n g r e a t measure t o t h e ways i n w h i c h c o n t a m i n a n t s a f f e c t t h e phy
s i o l o g y o f t h e p l a n t i t s e l f . These i n j u r i e s i n t e r f e r e u n f a v o u r a b l y w i t h 
some o r a.11 of" the normal processes (such as p h o t o s y n t h e s i s , r e s p i r a t i o n , 
t r a n s p i r a t i o n , c e l l p e r m e a b i l i t y , e t c . ) e s s e n t i a l f o r p l a n t g r o w t h . 

P h o t o s y n t h e s i s i s a process by w h i c h o r g a n i c m a t t e r i s produced f r o m 
carbon d i o x i d e and w a t e r w i t h energy f r o m l i g h t . R e d u c t i o n ,in t h e e f f i 
c i e n c y o f p h o t o s y n t h e s i s r e s u l t s i n l e s s p h o t o s y n t h e t i c p r o d u c t s , w h i c h 
c o n s t i t u t e a l l t h e d r y m a t t e r and p r o d u c t o f t h e p l a n t s . A c c o r d i n g t o 
Todd e t a l * , duckweed (Lemna m i n o r ) f u m i g a t e d ( i . e . exposed t o p o l l u t a n t ) 
w i t h 0.2 ppm. o f o x i d a n t * * ( o z o n a t e d hexene) were, v i s i b l y i n j x i r e d and t h e i r 
p h o t o s y n t h e s i s was reduced by about 10̂ 5 a f t e r f o u r h o u r s , and 675^ a f t e r 
24 hours o f exposure. C h l o r o p h y l l d e s t r u c t i o n which m i g h t i n h i b i t p h o t o 
s y n t h e s i s was 4% and 49% r e s p e c t i v e l y . Duckweed f u m i g a t e d w i t h 1.0 ppm. 
of.ozone r e s u l t e d i n 5% r e d u c t i o n i n p h o t o s y n t h e s i s a f t e r f o u r h o u r s , and 
3&fo a f t e r 24 hours exposure. C h l o r o p h y l l r e d u c t i o n was 5% and 40̂ 5 r e s 
p e c t i v e l y . T h i s suggests t h a t t h e t y p e o f o x i d a n t may he a f a c t o r i n 
t h e r e d u c t i o n o f p h o t o s y n t h e s i s and u l t i m a t e l y p l a j i t g r o w t h ajid p r o d u c t 
i v i t y . The same a u t h o r s f o u n d t h a t f u m i g a t i o n o f lemon f r u i t w i t h o x i d a n t 
r e s u l t e d i n a c c e l e r a t e d r e s p i r a t i o n , t h e process by w h i c h organisms 
u t i l i z e - p h o t o s y n t h e t i c p r o d u c t s t o r e l e a s e energy f o r use i n o t h e r v i t a l 
p r o c e s s e s . I t i s n o t known j u s t how h a r m f u l i s such s t i m u l a t i o n o f 
r e s p i r a t i o n , b u t i t c e r t a i n l y does r e s u l t i n unnecessary consumption o f 
c a r b o h y d r a t e s . E r i c k s o n euid Wedding***, who c a r r i e d o u t e x p e r i m e n t s i n 
w h i c h t h e y f u m i g a t e d Lemna minor w i t h ozonated hexene, s t a t e t h a t " t h e 
i n h i b i t i o n o f p h o t o s y n t h e s i s was r e l a t e d i n some way t o the i n c r e a s e o f 
p e r m e a b i l i t y and u l t i m a t e d e a t h o f the c e l l s , and y e t t h e degree t o 
w h i c h p h o t o s y n t h e s i s was reduced was f a r g r e a t e r t h a n t h e change i n 
c o n d u c t i v i t y " . . 

A c c o r d i n g t o T a y l o r * * * * , t r a n s p i r a t i o n e s s e n t i a l f o r p l a n t g r o w t h and 
development was reduced by about 25% when lemon c u t t i n g s and lemon s c i o n s 
were f u m i g a t e d w i t h a r t i f i c i a l smog. 

* Todd, G.W., M i d d l e t o n , J.T., and Brewer, R.F., J u l y 1956? E f f e c t s o f A i r 
P o l l u t a n t s , . , C a l i f o r n i a A g r i c u l t u r e V o l . 10, No. 7 , pages 7 - 8 . 

** I n a l l commen-ts on o x i d a n t c o n c e n t r a t i o h s y the. v a l u e s are r e f e r e n c e d t o 
t h e n e u t r a l b u f f e r e d potassiiM i o d i d e method;of measurement, expressed 

. as ozone.- '. j ' • -
*** E r i c k s o n , L.cL and Wedding, E.T., January 1956 : E f f e c t s o f Ozonated 

Hexehe on P h o t o s y n t h e s i s and R e s p i r a t i o n o f Lismna minor. Am. J o u r n a l o f 
Botany, V o l . 4 3 1 JTo. 1, pages 3 2 - 3 6 . 

**** T a y l o r , O.C, 1958 s A i r P o l l u t i o n w i t h R e l a t i o n t o Agronomic Crops : 
I V Plaait Growth Suppressed by Exposvure t o A i r - B o r n e Oxideuits (Smog), 
Agronomy J o u r n a l , V o l . 50 556-558. ' 
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• Growth o f tomato, a l f a l f a • and .endive, s e e d l i i i g s s u b j e c t e d t o n a t u r a l smog 
was reduced even w i t h o u t d i s c e r n i b l e l e a f l e s i o n s . Tomato s e e d l i n g s 
f u m i g a t e d f o r t h r e e hours d a i l y w i t h a r t i f i c i a l smog a l s o showed no 
v i s i b l e i n j x i r y , b u t s u f f e r e d a 49^ r e d u c t i o n i n g r o w t h r a t e d u r i n g t h e 
f i r s t day f o l l o w i n g f u m i g a t i o n as r e p o r t e d by H u l l and ¥ent*. T a y l o r * * 
r e p o r t s t h a t s e v e r a l v a r i e t i e s o f bean l e a v e s s u f f e r e d a l m o s t complete 
d e s t r u c t i o n a f t e r b e i n g f u m i g a t e d f o r one day w i t h 0.15 t o 0.20 ppm. o f 
o x i d a n t , w h i l e p e t u n i a s u b j e c t e d d a i l y t o s y n t h e t i c smog showed o n l y 
s l i g h t l e a f i n j u r y , a l t h o u g h i t s xa;te o f g r o w t h d u r i n g t h r e e weeks 
exposure was reduced t o a l m o s t h a l f , and the blossom i n i t i a t i o n was ' 
c o m p l e t e l y suppressed. S i m i l a r r e s u l t s were obtained, w i t h n a t w a l smog, 
b u t w i t h l e s s damage i n t e n s i t y . S i x t y p e r c e n t o f tomato blossoms f a i l e d 
t o develop i n n a t u r a l smog,-while p l a n t s k e p t i n carbon, f i l t e r e d a i r had 
f r u i t f o r n e a r l y a l l blossoms..' ¥hen L i s b o n iemon c u t t i n g s were f u m i g a t e d 
d a i l y w i t h 0.15 t o 0.20; ppm. o f s y n t h e t i c o x i d a n t f o r thr.ee months,' t h e 
f r e s h w e i g h t o f t h e p o r t i o n above ground was. reduced. ;by a bout 31?̂ ' and 
the dray w e i g h t by about 3:5^ w i t h o u t e v e r showing t y p i c a l - s.mog i n j u r y , 
a l t h o u g h c h l o r o s i s developed a f t e r about two months. One hundred t h i r t y -
t h r e e l e a v e s o f the f u m i g a t e d p l a n t s , dropped, b u t o n l y f o u r t e e n l e a v e s 
were l o s t ifrom thos'e k e p t : i n u n p o l l u t e d chambers. \ 

Suppression o f p l a n t g r o w t h by s u l p h u r d i o x i d e i s due s o l e l y ;to .the des
t r u c t i o n o f l e a f t i s s u e and t h e subsequent l o s s : of. an e f f e c t i v e area t o 
c o n t i n u e p h o t o s y n t h e s i s . A c c o r d i n g t o Thoma.s**'*, as a f i r s t a p p r o x i m a t i o n 
o f the- few c r o p s ' i n v e s t i g a t e d , r e d a c t i o n i n y i e . l d , expressed:as-jpercentage 
o f t h e y i e l d o f an u n i n j u r e d crop,,.varies l i n e a r l y w i t h t h e percentage o f 
t o t a l l e a f area daina-ged; a t t h e t i m e o f f u m i g a t i o n . For. a l f a l f a t h i s 
seems t o h o l d t r u e w i t h f u m i g a t i o n a t any stage o f p l a n t g r o w t h j - a n d t h e 
e f f e c t s o f m u l t i p l e f u m i g a t i o n are a d d i t i v e , whereas f o r wheat, b a r l e y , 
tomato, c o r n and c o t t o n , the r e d u c t i o n i n y i e l d seems t o depend r a t h e r 
on the stage, o f deve.lopment o f t h e p l a n t a t the t i m e o f f u m i g a t i o n . 
There was l i t t l e e f f e c t on, b a r l e y y i e l d w i t h fumiga^tion a t t h e e a r l y 

. stage, o f p l a n t development, b u t a 4,0^ r e d u c t i o n i n y i e l d , w i t h a l l t h e 
l e a v e s b e i n g d e s t r o y e d , r e s u l t e d f r o m f u m i g a t i o n a t t h e " b o o t " t o " m i l k " 
s t a g e s . : Wheat y i e l d r e d u c t i o n w i t h complete d e f o l i a t i o n a t t h e t i m e o f 
f u m i g a t i o n v a r i e d f r o m 8^ d u r i n g t h e s e v e n t h week t o 35^ d u r i n g the t e n t h 
t o f o u r t e e n t h weeks o f g r o w t h . : . R e d u c t i o n i n .wheat y i e l d wa.s almost 
n e g l i g i b l e when grown i n s o i l s i i f f i c i e n t l y f e r t i l e . 

* H u l l , H.M.,; and Went P.¥., 1952 s L i f e Processes o f P l a n t s as A f f e c t e d by 
A i r P o l l u t i o n , Proceedings o f t h e Second. N a t i o n a l A i r P o l l u t i o n Symposium, 
Los Angeles 17, C a l i f o r n i a , IJ.S,.A., pages 122-128.: 

** T a y l o r , O.C., I958 : A i r P o l l u t i o n w i t h R e l a t i o n t o Xgrohomic Crops s 
I V P l a n t Growth Suppressed by Exposure t o A i r - B o r n e O x i d a n t s (Smog), 
Agronomy J o u r n a l , V o l . 50> pages 55^-558. 

*** Thomas, M.D., 1958 : A i r P o l l u t i o n w i t h R e l a t i o n t o Agronomic Crops s 
I General S t a t u s o f Research on t h e E f f e c t s o f A i r P o l l u t i o n on P l a n t s -' 
Agronomy J o u r n a l , V o l . 50, pages 5^5-550/. 

http://thr.ee
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S t u d i e s o f t h e e f f e c t o f s u l p h u r d i o x i d e on c o n i f e r s a r e r e p o r t e d by 
• Katz and MpCallum*, who r e p o r t t h a t t r e e s w i t h i n j u r e d l e a v e s were f o u n d 

• • t h r e e y e a r s l a t e r t o have a r e l a t i v e l y ^ s m a l l e r g r o w t h . o f f o l i a g e . 
•Severely i n j u r e d t r e e s s u f f e r e d p a r t i a l k i l l i n g o f l i m b s . B o t h Douglas 
f i r and y e l l o w p i n e showed a decreased i n h e i g h t g r o w t h , ~the. f o r m e r t o 
a g r e a t e r e x t e n t , f o r abput t h r e e y e a r s a f t e r b e i n g t r e a t e d w i t h s u l p h u r 
d i o x i d e , a f t e r w h i c h ^ t h e y r e c o v e r e d s u b s t a n t i a l l y . .- , 

E x t e n s i v e damage.to a v a r i e t y o f p l a n t s can be caused by hydrogen f l u o r i d e . 
A c c o r d i n g t o Todd and Garber**, g r o w t h s u p p r e s s i o n o c c u r s o n l y w i t h 
v i s i b l e i n j u r y as a r e s u l t perhaps o f l o s s o f p h o t o s y n t h e t i c c a p a c i t y . 
C o n s i d e r a b l e k i l l i n g o f l e a v e s o f s e v e r a l v a r i e t i e s o f g r a p e s , and a 

•.• subsequent r e d u c t i o n i n g r o w t h r e s u l t e d f r o m f u m i g a t i o n w i t h 10 ppb. 
( p a r t s p e r - b i l l i o n ) o f hydrogen f l u o r i d e f o r a 30-day p e r i o d . G l a d i o l u s 

. p l a n t s ; s u b j e c t e d t o the same f u m i g a t i o n s u f f e r e d a decrease i n f l o w e r 
p r o d u c t i o n . Thomas and H e n d r i c k s * * * r e p o r t t h a t a b s c i s s i o n o f l e a v e s o f 

•-•' ' f r u i t t r e e s such a s - a p p l e , a p r i c o t , plum, priane, peach.and f i g can,be as 
h i g h as 25^ t o 50?̂  when h a l f t h e l e a v e s a re i n j u r e d w i t h hydrogen. 
f l u o r i d e , o c c a s i o n a l l y w i t h subsequent l o s s o f f r u i t i n t h e f i r s t y e a r 
and f a i l u r e t o s e t f r u i t i n f o l l o w i n g y e a r s . Adams e t a l * * * * f o u n d 
t h a t i n j u r e d n eedles o f ponderosa p i n e grew t o o n l y t h . r e e - q u a r t e r s * t h e i r 
'•'normal l e n g t h - i f - t h e i n j u r y o c c u r r e d b e f o r e t h e y were f u l l y , grown and 

' •:'•-•.••.'• ••that-they had'a s h o r t e r • l i f e , span.- -. • 

A c i d a e r o s o l s and t o x i c m i s t s produce s m a l l t o l a r g e , s p o t s on t h e upper 
s u r f a c e o f l e a v e s and cause damage t o f r u i t , w h i l e s o l i d p a r t i c l e s such 

• •"as carbon and cement d u s t a r e sometimes r e s p o n s i b l e f o r s o i l i n g o f 
f r u i t s and v e g e t a b l e s . 

* K a t z , M. and McGalium, A.'W. , 1952 ; The E f f e c t o f Sulphior D i o x i d e on 
C o n i f e r s , - A i r P o l l u t i o n - Proceedings o f the U n i t e d S t a t e s T e c h n i c a l 
Conference on A i r P o l l u t i o n , 'Chapter 8, pages 84-94, McGraw-Hill Company 
I n c . , New York. 

** Todd, G.W., and. Garber, M.J., December 1958 : Some. E f f e c t s o f A i r P o l l u t a n t s 
on t h e Growth and P r o d u c t i v i t y o f P l a n t s , The B o t a n i c a l G a z e t t e , V o l . 120, 
IJo. 2, pages 75-80. 

*** Thomas, l i . D . and H e n d r i c k s , R.H., 1956 s E f f e c t on A i r P o l l u t i o n on P l a n t s , 
A i r P o l l u t i o n Handbook, Chapter 9> pages (9-1) - (9-44) HcGraw H i l l Book 
Company I n c . , Hew York.-

**** . Adams, D.P., Mayhew, D.J., Gnazy, R.lT., R i c h e y , E.P., Koppe, R.K., 
and A l l e n , I.W.;, 1952 t Atmospheric p o l l u t i o n , i n t h e Ponderosa Pine-
B l i g h t a r e a , I n . Eug. Chem. 44> pages 1 3 5 ^ - 1 3 6 5 . 
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• Crops t o x i c t o man and t o animals may be produced i f t h e s o i l i s 
T' c o n t a m i n a t e d w i t h m a t e r i a l s l i k e .lead o r a r s e n i c • - P r o d u c t i v i t y i s a l s o 

l i k e l y t o decrease i n such s o i l . Uptake o f l e a d f r o m t h e s o i l by p l a n t s 
has been detected- by 'Professor H.V. Warren, o f the U n i v e r s i t y o f B r i t i s h 
Columbia, and by Miss Helen Cannon o f th e U.S. G e o l o g i c a l Survey-. Only 
10-75 ppm. were f o u n d ' i n p l a n t s under normal c o n d i t i o n s , . w h e r e a s i n 
p l a n t s grown near major l e a d ore d e p o s i t s t h e l e a d c o n c e n t r a t i o n 
i n c r e a s e d t o 4,000 ppm. High v a l u e s were a l s o f o u n d i n p l a n t s grown 
i n a c i t y "smog" atmosphere, and i n areas w i t h i n 50 f t o f a main r o a d . 
The l a t t e i r i s b e l i e v e d t o be due t o c a r exhaust p o l l u t i o n . • 

The papers o f Guderian e t a l * and Treshow*^-^ g i v e e x c e l l e n t summaries on 
r e c o g n i t i o n arid e v a l u a t i o n o f e f f e c t s , and Landau and Brandt-*-**: d i s c u s s 
t h e problems o f a s s e s s i n g econdmic'loss. " Dugger e t al***1'':and McCune 
e t a l * * * * * p r e s e n t .some o f the problems o f a s s e s s i n g p h y s i o l o g i c a l and 
b i o c h e m i c a l responses. Some o f the problems o f : e v a l u a t i n g . . t h e i n f l u e n c e 

V o f o t h e r e n v i r o n m e n t a l f a c t o r s on th e response o f p l a n t s t o a i r : : p o l l u t a n t s 
. a r e d i s c u s s e d by Heck e t a : l * * . * * * * . 

G u d e r iari, "R., H. Van Haut, and,H. Stratmann, I96O :: "Probleme d e r 
Er f a s s u n g und B e u r t e i l u n g vori W irkungen"gasformiger L u f t v e r u n r e i h i g u n g e n 
a u f d i e V e g e t a t i o n " , Z e i t s c h r i f t P f l a n z e n k r a n k h e i t e n , Bd. 67, S. 257-264. 

Treshow, Mr.., I965 .: J . ' A i r P o l l . Cont. Assoc. 15,s266 

iandau,.E. and B r a n d t , C.S. J. Amer. S t a t i s t i c a l Assoc. ( i n p r e s s ) . 
Bugger, W.M., T a y l o r , O.C., Thompson, C.R. , and . C a r d i f f E. ,..13(9) 
September 1963 : l l i e e f f e c t o f L i g h t on P r e d i s p o s i n g iPlants t o Ozone 
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The o v e r a l l economic l o s s f r o m p l a n t i n j u r y hy a i r p o l l u t i o n is/unknown 
and. perhaps even i m p o s s i h l e t o o b t a i n , s i n c e a p a r t f r o m l o s s e s . i n c u r r e d 
"by d e s t r u c t i o n o f p l a n t s t h e r e are, a number o f d i r e c t and i n d i r e c t l o s s e s 
w h i c h i t i s h a r d l y . p o s s i b l e t o e s t i m a t e . Por example, t h e e x t e n t o f 
reduced g r o w t h i s n o t known. A s m a l l b u t perhaps s i g n i f i c a n t r e d u c t i o n 
i n a s s i m i l a t i o n o c c u r r i n g b e f o r e r e c o v e r y cannot be e v a l u a t e d ? , e f f e c t s 
o f s o l i d p a r t i c u l e s and t h e i r d i r e c t e f f e c t upon v e g e t a t i o n i s o f some 
c o n c e r n , b u t l i t t l e i s known o f t h e s u b j e c t . I t m i g h t , perhaps, a t 
ti m e s be p o s s i b l e t o g i v e a rough i n d i c a t i o n o f t h e l o s s e s a r i s i n g merely 
f r o m d e s t r u c t i o n o f p l a n t s i n s p e c i f i c i n s t a n c e s . B r a n d t * g i v e s a l o s s 
o f 6-10 m i l l i o n d o l l a r s a n n u a l l y f o r . C a l i f o r n i a , i n t h e Los Angeles 
r e g i o n . However, he remarks t h a t " t h e e s t i m a t e does n o t i n c l u d e the 
p o s s i b l e g r o w t h e f f e c t s , the v a l u e o f produce i n b a c k y a r d gardens, t h e 
l o s s i h o r n a m e n t a l s , o r o t h e r m a r g i n a l e f f e c t s " . D a r l e y e t a l * * e s t i m a t e 
t h a t t h e r e i s an annual l o s s o f more t h a n 25 m i l l i o n d o l l a r s a n n u a l l y 
i n t h e IT.S.A. Thomas and H e n d r i c k s * * * . g i v e l o s s e s t o c o t t o n i n Texas, 
as a r e s u l t o f s p r a y i n g r i c e f i e l d s , a t l e a s t 15-20 m i l e s f r o m the n e a r e s t 
c o t t o n f i e l d , as 2 0 0 , 0 0 0 ' d o l l a r s . I n Canada, m i l l i o n s o f pounds o f 
f l u e - c u r e d tobacco have been r e n d e r e d c o m m e r c i a l l y v a l u e l e s s as a 
r e s u l t o f o x i d a n t p o l l u t i o n , b e i n g more than s i x m i l l i o n pounds i n 1957« 
The b u l k o f t h i s l o s s o c c u r r e d on'about o n e - t h i r d o f t h e t o t a l tobacco - • , 
acreage. One f a r m e r l o s t t w o - t h i r d s o f h i a c r o p , w h i l e s e v e r a l o t h e r s 
l o s t o n e - t h i r d t o o n e - h a l f o f t h e i r crop.-

A l t h o u g h e x t e n s i v e o b s e r v a t i o n s have 'been taken and much p r o g r e s s made, 
the f a c t remains t h a t our p r e s e n t u n d e r s t a n d i n g o f t h i s s u b j e c t l e a v e s 
much t o be d e s i r e d . There are many phases o f a i r p o l l u t i o n - p r o b l e m s i n 
w h i c h our knowledge remains d e f i c i e n t . N e i t h e r the i d e n t i t i e s o f most 
a i r b o r n e c o n t a m i n a n t s n o r t h e i r e x a c t e f f e i c t s oh v e g e t a t i o n a r e as y e t 
knoim. Moreover,.the development o f v i s i b l e i n j u r i e s - r e c o g n i z a b l e 
n e c r o t i c £uid/or c h l o r o t i c p a t t e r n s - are n o t f u l l y i d e n t i f i e d w i t h ' 

* B r a n d t , C.S., 1962 s E f f e c t s o f a i r p o l l u t i o n on p l a n t s . A i r p o l l u t i o n " 
V o l . 1, Chapter^ 8, pages 255-281, Academic Press - New York. 

** D a r l e y , E., Dugger, W.M., Mudd, J.B., O r d i n , L., T a y l o r , O.C., Stephens, 
E.R., 1963 s P l a n t Damages by P o l l u t i o n d e r i v e d f r o m A u t o m o b i l e s . A r c h i v e s 
o f e n v i r o n m e n t a l h e a l t h , V o l . 6, pages 761-770. 

*** Thomas, M.D. and H e n d r i c k s , R.H., I956 s E f f e c t on A i r P o l l u t i o n on P l a n t s , 
A i r P o l l u t i o n Handbook, Chapter 9, pages (9-1) - (9-44) McGraw H i l l Book 
Company I n c . , New York . 
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r e s p o n s i b l e a i r p o l l u t a n t s . On the o t h e r hand, c e r t a i n c o n t a m i n a n t s 
" a r e known t o produce l e s s w e l l - d e f i n e d responses i n g r o w t h r a t e , 

f l o w e r i n g , f r u i t s e t and othe'r p h y s i o l o g i c a l u p s e t s . T h i s t y p e o f 
i n j u r y i s more widespread t h a n was commonly supposed. The r e a d i l y 
d i s c e r n a b l e l e s i o n s may be o n l y a g e n e r a l i n d i c a t i o n and n o t a t r u e 
measxire o f t h e t o t a l damage by p o l l u t a n t s t o v e g e t a t i o n . Other d e f i -
c i e n c e s a r i s e f r o m a l a c k o f r e l i a b l e and p r e c i s e i n s t r u m e n t a t i o n 
capable o f sampling and a n a l y z i n g t he v a r i o u s c h e m i c a l s and measuring 
t h e e s s e n t i a l m e t e o r o l o g i c a l parameters i n v o l v e d . 
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