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© RESEARCH INTO ENVIRONMENTAL POLLUTTON:

Snnce 1963 a number of 801cnt1f5c’1roups concerned w1tn'var10us aspects of
env1ronmental pollution’ have met in Seneva and their recommendations are
contaired “in "Microchemical Pollutants in'the “Snvironment" (MHO/PA /110, 63) and
reports to the Director-General by the Scientific Group on. the 3iological
Tstimation of Water Pollution Levels (MHO/PA/136,6L), the Scientific crdup
on Biological Aspects of_Microchemiédl Pollution of Water Systems (MHO/PA/1h3.6h);
the Scientific Group on Roéééroh‘into Snvironmental Pollution (PA/236.64), the
Scientific Group on Long-Teérm Effécts -on Health of New Pollutents (PA/B?.éS),and
the Scientificvﬁroup on.Identificotion and Measurement;df Air Pollutants
(PA[§§£¥9)- , The reports to the Direotor-General have not been published, nor is
it intendéd that they should be published, but the names of the membors.of each

of the Scientific Groups ars given in Appendix I,

_ x;}Thigareport_summarizes the m&in*conclusions and recommendationé of these
Scientific Groups. Although the danger of pollution of the enviromment by radio-
active material was well appreciated, consideration of pollution of thisusort was

very largely excluded from the reports of the Soientific Groups}

Introduction

The long-term effects- on the pnblic hnalth of various contaminants in the
enviromment are becoming ‘mors pronounced with the rapid changes that are taklng

_ place in connaction with many of man's enterprlses today.

', Contamination of air, soil, food ana water by inorganic chemioals and‘sewage
has received attention 1n the past and no doubt w1ll do 80 1n thz future. A
‘problem which has received 1ess attentlon is that whlch may follow the intro-
duction into the enviromnment of the organlc-ohemlcals man synthesizes for '

specific purposes.

Annnélly; hunareds of new'oréanic‘Chamicals 5re'nade;”some’of them are
persistent substances; many of them are used on a world-wide scole.. The chémi-
cals in question include new plastics and plasticizers; synthetic detergents and’
‘solvents;_additives to'foods,'fuels or alloys; and pesticides,  To an increasing-
extent, synthetic chemicals are used”in houscholds, in appliances and furnishings,
clothing and‘building materials. Many of tkem enter directly or-indirectly into -
food, ,whoreas.moré‘ may. ‘mach surfnce and'nnderground'water Supplﬁies inia(:i(:iition_v

to the atmospherg.



It is advisable to consider the different types of air, water and land "
pollution together rather'than separately. There are many instances in which
air, water and soil are polluted by the same type of waste. The dumping of
molten slag from-a steel blast furnace, for.example, results in an immediate.
liberation of.gases,.the eventual pollution of streams by leaching from rain-
fall, and an alteration:of the land surface that hinders subsequent beneficial
use. of  the .soil. There are other situations where the prevention of one form, .
of pollution leads to another, Cyanides, for example, can be removed from the
liquid wastes of electro-plating plants by acidification and aeration, but the

result is pollutlon of the atmosphere by hydrogen cyanlde.

. Regulatlons de31gned for public health protection are sometimes based on -
the assumption that there is only .one route of exposure for the substance in..
question. Such an assumption is generally false and it is becoming increasingly

obvious that'pollution exposures from all sources should be evaluated together.

‘Pollution of air, water or land may also affect the quality of foodstuﬁfs‘
adversely. Indeed the food chain-is undoubtedly the major vehicle for the-trans-

fer of radloactlve contamination and pesticide residues to man.

L~

i Pollutlon seems to be .an 1nev1table consequence of modern 1ndustr1al
technology, rapld and convenlent transport and comfortable hou31n 2, but
- excessive pollutlon may 1nterfere with man's health and his mental, social’ and
:Jeconomlc well-belng. The problem, then, is ‘o determlne the level of pollution
whlch permits optimal economic and soc1a1 development without hazards to health
in 1ts broadest sense, This.can be achieved by the systematlc appllcatlon oi‘

ex13t1ng knowledge, supplemented by results from well-chosen research prOJects.

Basic concepts in the evaluation of
environmental hazards

In considering the long-term effects on health of.low levels of contaminants
in!man'S'environment,vsome fundamental biological principles about the fate of
these substances in or on the human body, and their effect on the different

_bodily functions must be discussed.
" The problems are complicated and much basic general information is still"-
nee'ded ' Ain" addition to specific information for individual substances,
These effects might be divided into two groups

(l) localized effects at the place of contact and entry, chiefly the
resplratory and the alimentary systems, but to.some extent, the skin
and-conjunctivae, and _ . T

(2) the effects after absorptlon and distribution inside the body
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Locallzed effects at- p01nt of contact and entry. .

" At the place of contact absorption may be expected into the boundary ‘zone
of the organ, the outermosticells'of‘whlch-may be influenced in different waye.
The normal biochemistry of the cells may show deviations leading to the release
of substances which'are transported by the'circulatiOn to other parts of the:
body," cliciting stress-reactions or interfering with metabolic processes.else~
where in the body.- Or, local structural chanzes.may oé¢cur. Local contact may
also give rise to local nervous stimulation, or to central nervous system

' effects,

The local changes may zive better pfotection to the organ or, by_altering
the conditions’ of absorption or penetration of foreign substances, may impair

its-natural defence mechanism. . : T R SR

Some facts are known about thess’ contact effects but there are many gaps in
the ba31c knowledge of the p0531ble effects of 1ong-term exposure. thtle is

known about the occurrence of speclflc protectlve substances,

Absorptlon and d1str1but10n

Absorbed chemlcals 1nterferc with the blochemlstry of the cells only if
some - chemlcal reactlon takes place.’ Storage of 1nsoluble substances may limit
the amount of pollutant avallable for such reactions. Storage may thus have :
the effect of excluding pollutants from v1tal blochemlcal processes. Some
elements and radlcals are- chemlcally the same,or 50 11ke, the normal constituents
that they are treated as such and thus may dlsturb the normal biochemical -
processes, or the pollutants may be degraded or metabolized to substances which
are thcn excreted. In some 1nstances new tox1c substances are produced 1n51de
the body. i
, If man d1d not have such blochenlcal mechanlsms to take care of forelgn
’substances entering the: body, ‘he would have succumbed to the many substances in
nature that are foreign to him, but are known to penetrate into his body; many
of these are harmful when absorbed in large doses. This agrees with the
. experience that up to now all toxic ‘substances have been found in experlmental
animals to have - even with prolonged exposure -a m1n1ma1 dose-rate, below
which no detectable effect .on health occurs w1th1n the _normal llfe-span. ;Th?

p0331b1e exceptions to thls are cau31n mutagenlc, teratogenlc or carclnogenic

substances.v

= lﬁost toxicological fesearch has been on the harmful-effectsfof doses‘higher

than these limits., For the evaluation of long—term effects, however, it is

important to know much more about the biochemical reactions.to doses below these



limits, 'Thefnormai enzymes, especially_in the liver, nay detoxify the potenw—
tially harmful‘subStances For example, during chronic intake of DDT in man, i
;the rate of its conversion to the much less tox1c DDE has been found to increase.
Thus the problem of induction of adaptivn enzymes is of 1mportance. _The
'identlflcatlon ‘of the .enzymes capable of removing the atoms of chlorlne and
hydrogen fiom DDT and perhaps from other chlorinated organic compounds, as

well as manyvother detoxifyirg biochemical"p}ocesses, is an important field for

additiodnal research.

More basic knowledge about the general conditions of absorption, distribu~-
tion, metabolism, storege and excretion, will permit the development of better.
criteria for public health regulations. The nature of the biochemical inter-
action between toxic agents and the limited numcer of normal enzymes and other
cell constituents is not adequately understood. Such knowledge may well lesd
to gcneral,biologicai,principles of value in setting up,models forvinvestigating

the fate and interactions of new chemicals when they enter the human body.

The importance- of normal variability -

A1l biological processes and structures -show variation witnin a "normal "
range" of variability, This reflects man's adeptetion to His changinz environ-

mensal condltlons within the limits defined by his 1nd1v1dual genetic make=-up.’

. If the’ effects of long-term exposures do not exceed thls normal variation,
no harmful consequences need be antlcipated Health hazards need only be feared
'_f the adaptatlon forces and defence mechanlsms are ovcrburdened or overst1mu~

lated.

Many egents,‘chemical and physical, confronting man provoke adaptive
fcactions. These biochemical and physiolocical‘reactions may either limit the
capacity of the. organlsm to adapt itself to the effects of other factors, or
may stimulate the capacity for adaptation. The se altcrnatlves are 1mportant in
tne unde;standing of the ncaith hazards of long—term exposure, Because of the
importance of these aaaptlve mechanisms, experlments w1th comblnatlons of

pollutants and other stresses are much needed.

Effects on regulatory systems

" Besides the effects of pollutants'at;the cellular.level leading to bio-
chemical deviations and structural deranaements; there may'be effects on the
“hémeostatic rogulatlon of the body, .stimulation or 1nh1b1tlon of the nervous

system, the regulatory hormonal system. and the 1mmuno~react10n of. the retlculo~

t

‘endothelial system,
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:Knowledge about ‘these: regulatory mechanisms is very scanty. Not every
detectable effect in these processes~has.neoessarily harmful or lasting conse~
quences.on’health. Some reactions may-be detectaole now only because new R _
technlques are prov1d1ng more knowledge about the basic conditions of health and

the processes of adaptatlon to the enviromment.,

Other health—promotlnr measures may strengthen man'!s cepaoity to adapt
himself to his changing living conditions. After all, man's encestors have
‘durlng the whole period-of evolutlon adaptod themselves to the changlng condi~
tions of life on this planet. Better nutrition, housing and enviromental
conditions mivhﬁ help man to bear the burdens of adaptlng to the phy31cal and
chemlcal agents to which he is exposed but thls, if true, must not be used as
a reason for delayln3 the introduction of strlcter requlrements for air and

water purlty.

 New approaches. to research -are needed to clarify basic concepts of environ-
mental.biology, by which is meant far more knowledge of the responses of living
organisms -to changing environments. Specialists in human biology have to ‘
collaborate with microbiologists, botanists and zoologists for this purpose.
The fate of new chemical éollutants Which<contaminate the water or soil
environment of manviother organisms leads ﬁo an ecologicel disturbance in
nature, observatlon of these effects is important for the understandlng of

human env1ronmental blology.

~ “Recent trends in environmental pollution

There can be little doubt that pollution of man's enviromment is increasing.
- It is not possible to zive 'direct estimetes of the amount of chenical pollutants
in theienVironmeht"st the present time. However,‘production figures for
important groups of synthetlc oroanlc chemicals may scrve as a zuide. (See
Flgures 1, 2 and 3.) Informetlon is availabls for Western Europe and the

Unlted States of Amorlca. As shown in FlvureS‘2 and 3, for Western Europe fhe
total productlon of chnmlcals increased more than two fold in the eight-year
Iperlod 1953-60. However, durlng that time, the production of the chemicals

of interest to us rose even more steeply: the oﬁtput of petrochemicals increased
eight-fold, that of the plastics industry almost four-fold, and that of

. phammiaceuticals almost three-fold, Comparatire increases for the United States
-of America are four-fold for plsstics,,about'three—fold for synthetic detergents
.and a 1ittle more than three-fold for pesticides; An 1mportant feature is the
-rapld 1ncrease in the United States production of 1nsectlcides, for which no

]

comparatlve flgureS»can be derived from evallable European reports,. Western
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European’countries; however, do record a total production of synthetic deter-
gents in 1960 and 1961 that approaches the rate of increase and the total

' production for these years in the United States._

Not all of the increases recorded in Figures l 2 and 3 would affect the
.;espective envirorments. There was exchange of chemicals between the two
‘continents and exports to other parts of the world. Nevertheless, it is
cbvious that amonz the great changes of the pest decade,(the production of
- chemicals - and in particular. synthetic organic chemicals -~ is.important. ~There
Eis therefore good reason why we -should consider the possible impact of these

" chemicals upon-the environment of man'and man himself,

”iAir‘pollntionvby smoke is declining in developed conntries as‘a result»of
increesed efficiency of conbustion and the substitution of oil or naturalngas
" for coal, whereas concentrations of some of the newer pollutants, such : as those
hAirom:motor carsalare increas;ng. In, developing countries where’ rapid industrial-
izatien end’urbanization are leading to an increased- use of fuels, combustion
eqrd pmenu and industrial chemicals, a concomitantly rapid growth of pollution ’

problems ray be expected.

With the great 1ncrease in the use of motor vchicles, the problems caused .

' -Hy pollution from exhausts have arisen in many major cities. The unexpected

and complex problem of photochemical pollution, first noted in Los_Angeles, has
Leen observed in cther cities which have a sufficient concentration of motor
vehicles, stagnant air, and an. intens1ty of radiation of short wavelengths to .

nrcnote photocnemical reactions.

The pollutanus primarily emitted oy motor A hicles - hydrocarbon vapours
~and nitric oxide - are not harmful at the concentrations normally found in
tovn air unless they take part in photochemical reactions. Nitric oxide in
low concentrations is slowly oxidized in the ambient air to‘nitrogen;dioxide?':
but. the reaction occurs: more rapidly in the presence of hydrocarhon vapours. .
“The risks to health from nitrogenvdioxide are greater than those of equivalent

concentrations of nitfic oxide, but more work is.needed to assess the concentra-

v tlon at which ni trogen dlox1de affects the lungs.,

Two pollutanvs, carbon monoxide and lead, emitted by motor vehicles, are
’also of concern, although they take no part in photochemical pollution reactions.
Carbon monoxide combines rever51bly (with a biological half-life of the order of
 three hours) with. the haemoglobin in the body and prevents oxygen transport. In
rany cities pollution by exhaust gases is sufficient to.inactivate fram one to .

six_per'cent~ofdthe haemoglobin in all members of the exposed population,

~
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CFIG. 2

DEVELOPMENT OF PETROLEUM CHEMICAL PRODUCTION FROM 1953
TO 1960 AND ESTIMATES OF PRODUCTION CAPACITY TO 1963
‘ IN WESTERN EUROPEAN COUNTRIES
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FIG. 3

DEVELOPMENT OF THE CHEMICAL INDUSTRY AND CERTAIN
BRANCHES IN WESTERN EUROPE
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Inorganic lead is emitted from the breakdown of tetraethyl lead whlch is used
as a motor-fuel addltlve. Tne air of Los Angeles contalns up to twice as much

lead as that of other large cities, '

--In some developed countrics legislation has beepintroduced regulating the
discharge of industrial wastes to sewers and water—courses,:bhtimany developing
countries undergoing rapid technical-development lack adequate humbers of
trained personnel, equipment end chervfacilities_for the assessment and control
of envirommental pollution.

Vehicles of transfer of pollution to man o ’. ~

Aléhough it is arﬁificial to draw a distinction between polluting sub-
stances reachlng man by way of air, water or food - 51nco, for example, a s1ngle
chemical sprayed on a crop may be inhaled mav allght dlrectly on the skin or
congunctivae, may be washed 1nto a water—course and subsequently drunk or may
be 1ngestedl;h the sprayed crpps_qrslp flsh which have been present in the
water-course - it is convenient to make such a disﬁinction for purposes of
description. Most environmental pollutants, however, commonly'reach man by one
of these vehicles rather than the others; and they will be conside}edlb -

separately here,
I. Air Pollution

Purposes of air pollution investizations

a. .Principal purposes of air pollution measurements, The fouling of the

atmosphere by t e waste products of man's activ1ties, partlcularly in urban
commmities, is fapldJy increaSan throughout the world. Although each air
polluo*on problem must b evaluated . on the basis of its own individual .=
characveristics, sources of pollution, in a general sense, may be classified
into several broad categories: the combustion of coal_and Qll in domestic and
industrial heating and steam -generaﬁing plants, motor vehicle emiseione,
industrial effluents, and miscellaneous commercial and community activities such
as the burning of solid wastes, solvent losses,‘pesticides and agricultural '

chemicals,

b, Preliminary assessment of a problem. lBefore complicated methods are used

~ to measure the concentration of pollutants, the nature and maznitude of the
problem must be assessed. Many pollutants are invisible and odourless, and
some of them can be very dangerous._sNevertheless, for preliminary agsessment

as to whether a problem exists, a careful inquiry about local sources,



including fuel usage, suspected effects, inspection of_the.buildings and crops
in the area, observation of plumes and the use of the eense of smell may be of
great value., These procedures may not, however, prov1de assurance that - there
is no pollution problem, not only because some pollutants cause no effects
detectable by sight or smell, but also because concentrations and reactions may
be influenced by unusval meteorological condltlons not present during the
prellminary assessment, At this early stage of an 1nvest10at10n concentratlon-'
of a gross and easily measured pollutant may often be taken as an indicator of
the amounts of some other pollﬁtant, the estimation of which is more difficult
or expensive to cerry ouﬁ, for example if the main poilutant is coal smoke the
assesement.of sﬁoke ﬁay give a rough indication of the concentration of poly-

cyclic hydrocarbons.

“c. The identification of sources of pollutants. ‘Surveys involving the medsure~

ments of the concentratlons of 1nd1vidua1 pollutants may be needed in order to
identify with certalnty the sources which are responsible. These problems may
be dlfflcult; an_example is that of distinguishing between the contributions
made by coal coﬁbgstion and motor vehicles. Here both sources may emit’poly;
cyclie.hydrocarbpn; and carbon monoxide, and care must be taken to select fqr
measurement iﬁdicator pollutants emitted from one or other source elone, for
example, by calculations ratios of concentration of individual hydrecarbpes by

which the source may be identified.

- ~
v

d. Assessment of effects on. health. Publlc health authorities in many parts

of the world use measurements of air pollution to assess the magnitude of
their problems in comparison with those in other areas. . For these purposes a
network of sampling stations may be established and dbsérvations made at fixed
intervals-fer prelonged periods, In some surveys intermittent sampling at '
different sites is used according to a predeterMined‘statistical deeign, but. .
whatever the procedufe adopted it should be capable of yielding a reasohable
estimate of the dlstrlbutlon of pollution exposures affecting the. population
within the survey areas and of demonstrating the variations that acecur with the

seasons and w1th.atmospher1c conditions.

Maximal values may be more relevant sthan mean concentrations, especially in-
studies of the acute effects of pollution; for this purpose observations must

be made over periods of not more than 2l hours, and continuous or hourly records
may be valﬁable.v'In studies of the development of chronic diseases and of. long-
term effects it is necessary to use in addition mean iong-term concentrations of

* pollution, A relatively simple sampling procedure has sometimes been used by



which material is dollscteg_continuously over periods of a month of more at a
tirm;, - | o '

Exposure of -individuals or population groups to specified ﬁollutants is usually -
.estimated from the, results obtained with fixed samplers placed .in the arcas
yhere-people live or work,. This procedure is usually satisfactory in urban
env1ronments wherh the conCﬁntrations of pollutants do not fluctuate very rapidly
w1th tlme or place, but in some “Bases "personal" samplsrs may be required to .
obtain a satlsfactory measurc of the exposure of individuals, especially in

- their homes.

It must be-récognized that health may be sffécted indirectly by impai:meht of
well-being, For exampls, particles big enough to be deposited rapidly and too
big to'belinhaled andicause.pulmonary disease, may soil fabrics, buildings and
‘paintwork and may uhus 1nd1rect1y affect health by causing annoyance; bad smells
and eye irrltatlon may not cause demonstrabls pathological chanoes, but they -

affect well-being to a serlous extent.

@e "~ The assessment of the relation_of weather to pollution, Ffequent and”

’widespreéﬁ;meésuraments of pollution may. be needed:in order-to assess the .
effects of atmospheric conditions on the dispersion of pollutants or the chemical
irit@raction of individual contaminants. Probably the ]TIOot notomous examples
of this type of problem are the Los Angeles photochemical pollution and the
British smbke—polluted fog. In both instances reactions that occur betwsen
pollutants aré'greatly“dependent'on-méteorologital factors and only by careful
méasurement‘can be'mschaniSms by whichISecondary pollutants are formed be .

elucidated.

f. ‘The asscssment- of the offécts of control measures, 1In many parts of ‘the

world air pollution. is régarded as an intolerablec nuisancs and. measures to
-.abate it have becn taken, Obviously the effect of the implementation of "clean
air' regulations can only be assessed by studying thc results of measurements
made systemsticalIY"OVef a‘longAperiOd and in many places, All too often use

is made of short series of measurements to assess thoif effect; because pollu~
tion is so often dependent upon mﬁtoorologlcal variablllty care must be taken to
ensure :that no false conclusions.are reached by carcless 1nterpretation of short

-series. of measuremants.,v

g. The use of measurements of pollution for planning and economic

developments. If pollution of the air is to be avoided rather than abated,

plsns must be made so that power stationms, industrial piants and domestic ' -
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sources of pollution do not "overload" the air. In many'parts of the world
careful survcys of conccntrations of pollution arc made before places are
developed for industrial use or as areas of high population density. This
practice has much to ccmmend it, and the develcpment of many pollution problems

is avoided by the recognition of thc importance of air pollution in town planning,

he The development of air quality criteria or guides, People may wish health

agencies to state what they consider to be tolerable or intolerable concentra-
tions of pollutants and to draw up rcgulations under which these limits may not
be exceeded, WHO is attempting to establish such criteria and guides, along
lines recommended by the WHO Expert Committee on Atmospheric Pollutants.l'

The need for w1despread and frequent measurements of 1ndiv1dual pollutants and

comblnatlons of pollutants for this purpose is obvious.

is The measurement of pollution for research purposes. Seldom, if ever, is -

pollution‘simple; compounds often react in the air after.emission. The structure
and size of'particles and droplets may be complex and méy vary with the
temperature and the humidity. Research into these matters is in its infancy

and many measurements of many pollutants will be needed in order to study the

Achanging nature of pollution.

Sampling prlnc1ples and procedures

In regard to air pollutlon, "sampllng" means the collectlon of a certain
volume of air or a certain quantity of one or more pollutants for the purpose

. of determining the atmospheric concentration of the pollutants,

Samplinz usually precedes analysis and there may be a time interval of
some ]ength between the two operations. However, when it is desired to start a
study of air pollution and it has been decided that the survey should concentrate
'on specified. pollutanus, a list of the analytlcal methods avallable, together
with the correspondlng sampling method or methods, should be drawn up. By
matching analytical and sampling methods to the needs of a study the basis for

a_definitivevcnoice is obtained.

a. . Principles for the selection of a sampling method, The choice of tech-

‘rique depends on many factors: firstly, on the purpose of the measurements,
then on the type of effect in'which one is interested, and on the appropriate -

period for averaging, and on the method of peporting results,

1 y1d Hith Org. techn. Rep. Ser., 1963, 271



- 11 -

Another factor in the choice of a S“mplln7 technique is the limitations imposed

by the son51t1v1ty 3nd spe01f1c1ty -of: analytlcal techniques,

Important con51der°t10ns are 51mp1101ty of the’ sampllng method ‘and the ‘avail~
ab111ty of = epparatus whlch is strong, cheap, portable and compact and which
preferably does not requlre any source of energy at the sampllng p01nt but yet
produces thu ‘greatest: p0531ble quantity of data.

Flndlly, it must not be forgotten that the s sampling method must be effective;
that is to say, lt should obviate any loss'of the pollutant at the moment of
collectlon, and any transformation thereafter by mutual reaction of antagonis-
tlc'pollutants.or by disappcarance of a pollutant as a result of adsorption,
volatilization,fagglomeratiou or shattering of the particles. It should provide

Pl

a sample representative of the ailr as inhaled at the sampling point.

b. Sampllng procedures. As regards duration of sampling period, two tech-

nlques are currently employed (a) ‘short period or "spot" sampling, and
(b) contlnuous sampllng for the measurement of maximal and average concentrations
2r def1n1te time 1ntervals. Spot samples are usually collected for specific
purposes over varylng perlods of less than 30 mlnutes to sevoral hours., Such
samples have restr1cted value except where only mlnor changes in ‘concentrations
at partlcular perlods of the day occur as a result, say, of the traffic
density or'wﬁere spot sampling is conducted for'the purpose of'random checks on
~,”pollﬁtion at many pOints. In general: pollution levels fluctuate widely in
accordance with prevailing meteorological conditions and are influenced by such
factofs as the topography, mass emission rates, temperature, velocity and
density of stack gas, height of stacks, dlstrlbutlon of sources and. dlstance
from sources down-wind, It is obvious,. therefore, that spot sampling cannot be
employed to characterize fully the nsture'and magnitude of an air pollution
'problem. The determination of maximal concentfations of a pollutant over short
iﬁtervals is limited by the time constant of the sampling or continuous

recording instrument,

Systematic studies of the'pature and extent of pollution in the ambient air to
l\obtain data for epidemiological surveys, for evaluating the potential hazard
to man, animals or vegetation, and for control programmes, usually require
continuous sampllng technlques. Max1ma1 and average concentrations over definite
tme periods can be read or calculated depending upon the duration of the
&mmling cycle., Within a given cyole,'peak concentrations over rnlatively

“short periods can also be determined. The instrumental techhiques; however,
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. may lack specificity ‘and the data must thérefqre be checked frequently. by
calibration and by other mére-specifin analytical methods. Where continuous -
automatic instruments cannot be emplqyed,‘ﬁhe samples can stiil be- collected
continuously by appropriate chemical absorptiqnvor filtration of measured air_'

‘volumes in a sequential fashion and analysed subsequently.

It is recommended that for international comparison of routine sampling
measurements the period of collectidh should be standardized so that a .short—
term sample would be defined as one collected dufing 30 minutes and a long-term

sample as one collected during 2l hours.

The physical andvcheﬁical properties of pollutants often influence the technique
to be adopted, Thus,bin the case of gaseous pollutants, the samples can be
collected in glass or metal vessels previously evacuated or in pléstic bagé
inflated by a hand—pump or an electro-mechanical membrane pump; by aspirating -
air through a cold trap by which gaseous pollutants with a high boiling pOini'
are retained; by dissolving in an appropfiate solution;iby traﬁ$formation,»using
an appropriate, and if possible selective, liquid reagent, into a compound that
is easier to titrate or detect cqlorimetrically; by adsorption on to a
suitable,sqlid édsorbent, possibly at.low temperature, the polluﬁant.being
liberated by subsequent treatment; or by redaction with a solid reagent spread
over an inert surface in a detector tube or on filter paper, In this latter.
instancg the reagent éhosen should be 'such that the-pollutant to be determined

causes-a change in colour, which can be used directly for measurement,

For liquid or-solid pollutants, the following methods may be used; aspiration
through a filter of known porosity, that retains bfdinary and radioactive
suspended’ matter; impaction of particles hurled at great velocity against a
s0lid partition, in the presence or absence of a liquid; cyclone centrifugation,
by heans of which suspended matter of relatively large diameter is retained,
possibly followed by filtration to remove small particlés which the cjcloﬁe has

not stopped; and thermal or electrostatic precipitation.

The various procedufesfhéve their advantages and drawbacks, which must also
influence the choice of the sampling technique.

Sampling.ﬁethodélfor direct anaiysis;éall for equipment that is generally
eipensive and must be set up for use ét.a single Sampliné sité; Consequehtly
the number of sites cannot_bé ﬁul£ip1ied without increasing‘the equipment and”
thus the cdsts inv{dived. O;; thé other hand, by means of direct analysis thé
daily trend of pollution at a gi@en place can be determined, The method is "

-~ - Cmem s [P - S
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especldlly valuable when it gives, either directly or by integration, successive

means over a given time interval,

Samplingvmethods for delayed analysis have the advantage that in this way a
lerge‘number of sampling sites can be kept under surveiliance with only one
expensive analytical installation. On the other hand, sampling is almost
instantaneous at each site, which excludes the possibility of establishing
means in relation to time in the sense that these have been defined above.
Furthermore, surveillance of a large nuﬁber of sampling sites poses the prob%em
of. the division of the area concerned into units and of the most suitable way

and time of visiting each of the sites chosen in these units,

Measurement of air pollution

Air pollution nomenclature, The need for agreement on the use of well-defined

and precise terms to describe phenomena connected with air pollution in different
parts of the world has been pointed out by a WHO .Expert Committee on Atmospheric,
Pollutants.® At preeeﬁt the use in technical literature of imprecise words

eech as "smog", "smaze" and many others to describe the nature, origin and
constitution of air,ﬁollution and the Influence of, associated atmospherie or -

meteorological factors creates confusion.

Units, The interchange of the results of air quality investigations would be
made easier if a common nomenclature, consistent units and uniform methods were
adopted internmationally, A brief review of the problem was made at the 1963

Inter—Reglonal Symp051um on Criteria for Air Quallty and Methods of- Meusurement.

A number of units for the expression of the results of sampling and the analysis
of particulate and gaseous contaminants and of related envirommental factors
are recommended in "Guide to the Selaction of Methods'for Measuring Air
Pollutants" (See Bibliography)

_The k:_’!_ograxmne-metre—second—ampere system should be employed for expressing the
results of air pollution measurements, The concentration of pollutants in »
terms of this system should be reported as mass per unit volume at a standard or
reference temperature and pressure, There is general agreement that the stan-
dard pressure of 1013,25 millibars (equal to 760 . Hg) and temperature of

0% should be employed, Although in many 1nstances the correction to standard
o? reference gas conditions may not be justified for'locel purposes because of

inherent errors or limited accuracy of measurements, it is essential that the

—_ Y - : , » ’ _
Wld Hlth Org. Techn. Rep. Ser., 1963, 271 . .

]
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TABIE T

Ok ATR SAMPLING AND ANALYSIS

i ,
1 Item -

Recommendad units

.

E derived units

Alﬁernative or .

| Suspsnded- parti-

t Milligrams par cubic

{ Hicrograms per

light

culate matter | metre ' cubic metre § mg/m3 /4g/m3 %
e — ;
Gases or vapoﬁrs Miliigrams per cubic %Micrograms ﬁer % 3 3
: 1 metre | cubic metre [ mg/m pe/m
v i parts per million | v
! | i by volume E ppm '
| Gas volumes Cubic metre at stond- | % §
g : ard conditions= : i _m3 i
Volume emission Cubic metros per sec é 5 m3/sec‘
rates ) : ; : §
' _ _ . ;
! Velocity Metres ‘per s~cond ; m/sec :
r A - : , .
Air sampling Cubic metres or cubic |Litres per minute mB/Sec 5wcm3/seca
rates. centimetres per E f
i second ; 1/min ?
Temperature Degrees cantigrade j °c ;
Time of day "00.00 to 24.00 hours b hr
; A - : - -
i Pressure E'Millibars 'mm_of Hgg i mb mm Hg
| Visibility Kilometres  Metres km m
: L »
| Light - ! ' |
! transmission Péer cent. transmittance | ; 27T 5
| reflectance ! Per cent. reflsctance | : %R ?
Particle size { Micron (lo—ém) !Micfometre é A MM ;
{ Wave lzngth of | Millimicrons (10_9m) ?Angstrom (lO’lOm) : M 4 f
: = panometre . f nm

i

i

Zfor sﬁbsténcas of known molzecular weight ppm by volume may be converted to:

EStandard conditions rafer to O

(760 mm Hg).

mg/m3’by»multiplying by molecular weight |

22.L

°C and standard pressure 1013.25 millibars

Som of Hg x 1.3332 equals millibars a2t standard temperature, 0.



-~ 1 -

temperature and pressurc conditions should be reported for all measurements
involving comparative or precise studies, Normally, the concentration of air

pollutants in this systéﬁ should be expresseé in milligrams per cubic metre.

Some substances occur in the air ianuch'low concentrations that the recoﬁmended
mass concentration unit (mg/mB) is greater by a factor of 1000 or more than the
mass actually.éxisting in a cubic metre of air. Polycyclic aromatic’ hydrocarbons
and anaiogues, potentially carcinogenic, as weil‘as sqmé highly toxic compounds
are in this category. In such instances, the concentration may be expressed

as micrograms gag), nanograms' (ng) or picograms (pg) per cubic metre.

Cohbutation of the results of atmosphere sampling and analysis would be simpli-
. fied considerably and the data rendered more easily available for comparison if
expressed in the units recommended‘in Table I, It will be noted that for many
items listed in this table alternative -or derived units are given along with
the recommended uniﬁs. The choice is one of convenience in reporting data,

mainly to avold the use of cumbersome decimals,

'AnAIYtical méthods

The reﬁort "Guide to the Selection of Methods for Measuring Air Pollutants®
(See Bibliography) reviews extensively many of the analytical methods

_currently in ﬁse. Further research is however required into analytical methods,

-a.‘ \Béckground.-’Analytical methods for measﬁring air pollution rénge from
very simple chemical techniques to highly complex'procedureé using elaborate
instruments. The type and number of analyées which may be required depend on
the purposes 6f the study. A simple standard analysis m;y be repeated
thousands of times and need many man-hours.  On the other hand, the analysis‘of
a éingle sample may réquire the efforts of a research team for a number of days’

or weeks,

b, Siﬁple methods. One of the goals of ressarch into the development of

analytical methods is to provide simpler techniques, qét only to reduce the
time takén for analyses but to allow their use over a wi&e range of locations,
both field and leboratory, by personnel ranging in-qualifications from volun~
tary co-operative workers to trained chemists, . Simplefmethods aré particularly
desirable fbr the common pollutants measured routinely in network opaerations or

extensive lcﬁé period field studies,



- . .—15-

T Sensitive methodé. Many'existing or potentially useful methods for air

- poldation studiés aré insensitive; this is particularly true for many methods
useful in industrial hygiene. To overcome this deficiency, more elaborate
Scampling equipment may often by reguired, or additional time and‘equipment for
analysis in the laboratory. While sensitivity (ability to detect small'amounts)
is very lmportant in air pollution studies, high precision (the ability to
disﬁinghish between o measurements of nearly. the .same magnitude) is not always
.jmportantvr Usualliy precision of 20 per cent. suffices.

A% the present time, methods that are both simple and sensitive are lacking
particularly for use in the field.. For more complex studies, e.g., the
.dete-“ination of ilenz or compbunds'by size classification, particularly in the

cib-micron size range, the need for sensitivity is paramount,

ds  Specific :ethode, Adr pollutants of interest are usually present in air

in gmall quantities cften in combination with other substances, These addition-
al cubstances pose prodlems 1f they interfere with the analytical techniqués
vzed for a pollutant of special interest, Many of our analytical methods have
not veen invectigated in suflficient detail to enable us to discern the nature

and extent of the interferences in various polluted atmospheres, or how to

overcome them or correcl. for them.

e. Organiz pollctants. New substances from the chemical and metallurgical

industries polliute the 2ir. Studies of the effects of new organic pollutants
would be facilitated by “he development of sensitive and specific methods for
their identificaticn and measurement. This may require a substantial effort

and experditure oI funds,

£, 93§:?Sfﬂ§9l.§f§é§§9§§h§2§- The role of particulate matter in the possible
Apotentiation of effects of gases on the respiratory system is a topic needing
Vextensive:inve;tigation and clarification, Present techniques are grossly
inadequaté fbr.én understanding of‘the ébsorption/adsorption'relationships
between common gasecus pollutants and particulate air pollutants and their
svbsequent eluticn in the respiratory system, The solution of this problem may

require(the use of advanced phjsical techniques and chemical analytical methods,

g Chemistry of the sulfur cycle. The chemistry of the sulfur qycle in the
atmosphere is of widespfead interest, because sulfates may potentlate the
effects of sulfur dioxide. Methods of determining the fate of sulfur compounds
in the atmosphere are needed particularly in_the sulfur dioxide/sulfur
trloxide/sulfate conversion. Other sulfur-containing'compounds of interest are

inorganic and organic sulfides, mereaptans, sulfites, etec.
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"h. Photochemistry,. "Emissions fram automobiles and from the combustion of

other fossil fuels are two important seurces of atmospheric pollution. In
order to extend our knowledge of the effects of these pollutanys, studies are
needed to furthér define atmospheric photochemical reactions involving orgahnic
compoundsfnzlhe aevelopment ef analytical methods is an integral part of such

studieSu

1, Tracers for meteorolegical research., A limitation on the use of tracers '

for atmospheric circulation studies, particularly over long distances and fer.
extensive ﬁime periods, is the lack of‘non-tO"ic tracer materials that are
stable over the normal lenge of the ambient air uemperature, humidlty, solar
radiation and precipitation. 0f greatest promise in this search are polar
compounds capable of b ing detected in very minute traces by the use of such
analytlcal technlques as gas~l-qu*d chromatovraphy w1th electron capture

deb ection.»

. _.Recent developmenus in qnalytlcal chemlctny. Durlng the past 10 years, -

J
dew: opments in analyt1c1l chemlstry hav\ prov1ded unusual opportunities for
o“eater-sen51t1v1ty and specificity 1n air pollutior measurements, Grav1metrlc
and titrimetric methods have been supplemented to an 1ncrca51ng degree by
spectrophotometry, 1nfra--7'ed gpectrometry, coulometr'y, gas—-llquid chromatography
d othcls. These newsr methods are already widely used, yet none of the
Dresent air pollutlon efereﬁce'books include more than brief mention of
3ectrophotometrlc methods and llttlo, if any, mention of the others. It is
1mportanu that air pollut*on ‘studies ba conducted w1th the best analytlcal
methods available and that special attontion beé paid to the purity of the
feagentslused" The simplieity, - sensitivity, feliability and ecohomy. of many
of the uewer’methods shotild:resvlt in significant. advances in the study of air
pollution, - It is'imporbéniito recognize that the high cost of certain new
cquipment may bé,justlfiedfby'thelreSults'obtained_énd the savings in manpower

costsi M

:'onganlc pollutants can now be 1dentified and determined in a most efficient

'-‘manner through the use of gas-llquid and obher typeo of chromatography, A -

relatively few years ago, only a limited number of organic compounds:could be
determined, Hydrocarbon indlces could be measured on a non-discriminatory"
" -hasls, With'the introduction of gas—liquid chromatography, the constituents.
of complex mixtures of. gaseous organic compounds can be separated end individual
" constituents identified and determined, With programmed: temperature and other
sypes of chromatography, high molecular weight organic particulates can be
nna'lvvsk_ad. o o '
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Infra-red spectrophatometry by itself, or following chromatographic separa-
tion, has proved useful for th: study of indiVidual air pollution‘problems"
A Infra~red methods may be used not only im the ldentification and estimation of
orgaric pollutants for research, but alsovin monitoring systems, e.g. for

ecarbon monoxide,

In special circumstances, thin layer chromatography, mass spectrometry,
fluorimetry, phospnorimetry and. polarography can be used im'air pollution
problems, These techniques so far are used only occasionally for routine
measurement, but‘they are importaut es reésearch tools for-special problems,
For example, complex mixtures of hydrocarbons may be difficult to analyse by
use of_gasfliqoid chromatography alone; Tﬁip layer chromatography can then

ve used as an initial step in wh;ch preliminery'separations are obtained and
the separated components;can then be injected into a gas chromatograph for
f£inal separation, identification and estimation, LikeWise, mass spectrometry
can be used to idehtify'materials that have peon separated chromatographically,
Fluorimetry is often used, particularly in conjunction with speclal observa~
tions rade at very low temperatures. Likewise, phosphorimetry provides a _
powerful means for making—identifications and determlnations when only minute
amountq o’”material are avarlable.

™e study of inorganic pollutants is now made easier by the avallability of
new techniques, including new reagents,and new instruments, One of the older
analytical methods‘ flameAphotometry, is being more widely used than in the
past. because of new methods of ex01tation. Originally the flame photometers
weTe used only in determining alkell metals or alkaline earth metals, Bette“
methods of exclta ion have made it possible to use flame photometry for other
zdetermloatlons, 'such as the estimation of magnesium, zinc and lead. The
;uechnque is remarkab;y sensitive and’ quite reliable, partlcularly when inter-

ference e;fects ate not serious.

of special signiflcance is the recent introduction of atomic absorption
spectroscopy. This technique is generally as sensitive as; or more sensitive

' than. elther flame photometry or emission spectroscopy. More important than .
~ the sens1tiv1ty_1s ‘the fact that atomic absorption spectroscopy is inherently
speoific.' The;teohﬁique is simple and the equipment relatively inexpensive at
. leest when compared to the cost of emisslon spectroscopy. The atomic absorp-
tion'of:rediant energy by atoms at the ground state serves as a meens of
”identifioatiOn COmparableito the emission of radiant energy by atoms et excited
states, Absorption scrves as a means for' quantitative estimation of'mipute

amounts of mebtals, .
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Recent develoﬁments of specific selective aﬂd-sensitive~reagents or reactions -
make possible the detection and determination of many substances of ‘interest in
-~ air pollution work.‘ The great sensitivity made possible by the use of many

of the reactions permits determinations to be made in the microgram and nanogram
~range. Specific or highly selective reactions encble direct measurements of
pollutaﬁts to be made, often without need for concern regarding possible '
“interference, Spec*brophoto}netric equipment, ﬁpon,which many of these tests
depend, is fortunately becoming wldely available.

i

The recent development of ring-oven methods offers certain advantages over
spectrophobemetric tochniques, pafticularlj for analyéis of felatively'small
samples collected over a uhorc period of time. The ring-oven 1is a simple,
inexpensive apparatus which permits separation, concéntration and use of
chemical. means for thé detection and determination of various substances at
microgram and naﬁogram levels. Ring-oven methods offer great promise for the
study of zirborne particulateé be catse they are so .sensitive, reliable and
convenient. Resulis can be cbtained in which the relative errors are not more
than five to ten per cent., which are usually acceptable ‘at microgram levelss
.‘Spec1f1c methods are:already avallable for the determlnation of aluminium,
beryllium,_nlckel,,copp T, . iron, zinc, lead cadmium, vanadium, antimony,

.Jseleniﬁm,,ﬁhbspha&e;:and sulphate, Additional methods are being developed,

Ko - ‘Miscellaneous methods, Neutron activation 1s sometimes used where
extrenely minute amcunts of material must be studied. This technique provides
great sensitivity and reliabillty and is sometimes the only method applicable.

X~ray spectrometry sometimes provides special infohnation and may be used as an
adjunctAfo'microsccpical studies, The microprobe methods are particularly

attractive for studying aiborne particulates in special cases, Highly skilled
techlinicians are required and the equipment is very oxpensive. The same \

 comments apply to eleciron microsccpy which is useful in the investigation of

gpecial problems.

Certain electrochemical methods have special applications in air pollution
work. . Coulomebric titrations may be used where very sensitive and accurate -
methods are required, These methods are particulériy attractive for continuous

nonitoring of air polluténts.

Recently automatic instruments have become available which are sufficiently
sensitive for atmospheric¢ measurements, These employ standard principlgs such
Vas colorimetry, conductivity, fluorescence quenching and absorption spectro-

SCCOY



Loy ETRC SRS R

Bioclogical effccts 2s indicators of pollution

Blological indicaztor systems have been of very great importance in .
.indicxtlng th: harmfulness of pollutlon to human well-being. The effect on
vegetétion; for example of sulfur dioxide on 21falfa or lichens, of fluorides
on'gladioli, or of ethylene on the flower of the tometo plant, are specific and
"semi;quenﬁitative,-thoughlam experienced plant pathologist may be required to
differentiate the effocts of pollution from those of plant diseases, climatic
changes, or soil conditions, . Effects of photochemical air pollutants on annual

_ blue grass (Poa anmua)and pinto been (Phaseolus vulgaris) have been used to

detect and astimate levels of ozone and- peroxyﬂcetyl nitrate in mixtures., In
addition, biochemical studies on plants help in the study of the effect of

pollutants.on'hUman biochemistry;

‘Man is, however, the ultimate blolog10°l indicator -of air pollution hazards,
.iand for at least one oollutant carbon monox1de, the human body acts as an
integratlng sampler. Tﬂu dlrect absorptlon of - thls pollut*nt into the blood
from ths lungs and tho re esonﬂbly wsll-definéd uptake and eéxcretion rates
permlt the amount. of carbon ‘monoxide in tho blood of non—smokers to be used
at once as an 1ndey of-exposure within the previous four to “l”ht hours and as
a numerical guide,tp.tbe health hazard. By msasuring accurately the amount: of
'-carbon"monoxidefinuegﬁilibrated‘expired air: of exposed parsons, the health
‘hazard- can be detegmined,difectly and simply with less difficulty than if the

same measurement were made in the-ambient air,

Serum chollnesterase depreSSLOn is another valid biological ihdicetor'Of human
'exposure to orrﬁnlc phosphorus 1ncht101des, which sometlmes become general

Cair pollutants when spr"y d from qJrcraft.

_Choice of Duvices and Instfuments

-« Many devices and instrumemts are available for the sfudy‘of air pollution,
They‘rahge from simple apparatus for identification of a pollutant to elaBo-
rate instruments and tachniques for quantitative measurement of speeific
\substances.v The SGletlon of the method depends on the purpose. of-fhefmeasure-
ments, as discussed prev1ously and, in addltlon, on a number of practical
con31derat10ns rolatlnc to avelleblllty of manpower, monecy and supportlng

';fa01lities._ -

Nature of problem
The spec1fic requirements of the 1nvest1gqtion will for the most part

,_dietate the’ equlpment to be used. For example, 31mple tests u31ng 1mpr°gnated
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papers or detector tubes; or in soms cascs merely an inspection of the area, may
‘suffice to establish that an air pollution prpblem does exist, The simplest
and most economical method adequate for the task should be selected, unless
therc are specific reasons for doing otherwise. On the other hand, preliminary
investigations may reveal thé nced for additional studies varying in scope from
simple short-term surveYs to extensive lonz-period investigatiohs.” As the
complexity of the investigation increases, the choice of dévices and instru-

. ments that‘may be used is limited by a2 number of genaral considerations.

These are summarized below,

(2) Cost. A limiting factor in most investigations is the money avéilgble.

It is imperative that the money 21located for measurement devices and instrumen-
tation should balance that allocated for data analysis and interpretation.

Too often in the past an unrealistic portion of the budgef has been used for

the collection of data, with ths resuit that the findings are nevaf satis-
factorily interpreted, analyscd or reported. In most studies availability of
funds will force a compromise between what is‘desirable and what™ is possible,

However, no compromises should jeopardize the basic purposaes of the project.

(b) Availability. Ready avéilability of appropriate equipment is an important
consideration in:the selection of apparatus, "Shelf items" are preferable when
available, particularly because they are readily ss=rviced and replaced,

However, apparatus may in some»caées have to be built specially for the job.

-(e). Sensitivity and specificity requirement;. The need to select a device
with sufficient sensitivity and specificity for the rieeds of the project is
self-evident. On the other hand, the selection of equipment that is more
sensitive or more accurate than required should bé aﬁqided; not 'only because it

costs more but also because it may nead more attention and maintenance,

(d) Sampling time requirements. The determination of the sampling time

requirements of the project is extremely important and is related to cost, In
general, the mothod of measurement should provide data to suit the sampling
time required. Automatic instruments should not bé use@ when simple equipment
would suffice. The folly of sclecting complex equipment inhéiréumstances where
it is not needed lies not only in the production of data which is never used
but also in increased costs for its analysisrand for calibration, servicing and
maintenance of equipment. In meny circumstances the selection of a single
monitoring station equipped with continuous automatic instruments and with
outlying satellits stations with simpla devices m2y producs more informaiién on
the distribution and variation of pollutants than a number of =2utomatic

stations at the same or greater total cost.

A



(e) Data output. In certain circunstancos it may be desirable 1o equip auto-
matic instruments wi@h % direct digital read-out or a tape output for automatic
data prpcessingf Howevor, a wape output is advisable perhaps only in cases
were very short averaging<pefiods of, say, iesé‘than 30 minutes, are used. It
should be pointed out that a number of steps are required for handling data.
between a tape output and the compvter data analysis programme, These consist
of the produculon of additicnal tapes based on information in the operator!s
log for corrections, such as omission of ca2libration and instrument malfunction
periods,, instrument drify, etcp.lThe validity of instrument output needs to be
checked pfeferably by automatic hethods. The dependability of automatic v
'instrumcnts and data Oubbd\ sysvems at precent is such that tape output should

be added only if really wuececcary.

(£) Servicing reQuirementsc Instruments should be reiiable~enough to operate

" unattended for long pericds. This reqdirément must be balanced against the
availability of technical manpower to service znd maintain equipment. The -
extent and frequency of callbration needed may also affect the cholce of

equipment for a particular project,

(g) ‘Portability, housing and power requirements. In same cases the ‘choice of
equipment is dictated by the 'need to'use the samc instrument at 2 number of
sites, in which cace portability is - dominant requirement, Availability of

housing and stable power supply must also be considered.

Instruments for sampling particulate pcllution

In addition to the general requivements discussed above, the selection of
. equipment for sampliné and analysis of particulate pollution is influenced by
the specific needs cf the project. Sampling equipment may be very simple or

- very complicated, and znalyvical te chniqueé aiso vary in complexity. Types

of sampling with subsequent =znalyses may be classified as follows:

ae. 3SuSpended pa#&}culate matter, Particulate matter small enough to remain

suspended in the air is collected by filtration, 1mpact10n electrostatic
precipitation or thermal precipitation.’ Analyses may be made in terms of
30111ng, totpl mass, total mass of spec1flc chemi.cal components, total count,
-count by size fractions or chemlcal com0051tion by size fractions; other -
separations may be based on differing physlcallprcperbies. Sampling equipment
ranges in complexitf.from sirple filtration devices to elaborate size »
classification épparatus, Analytical techniqueé range from gravimetric

analyses for essimating tobal waeight of particu’ates to micro-methods for
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Jdentlflcatlon of constltucnts in. dlffercnt elze 011831ficqtlons. .Thu latte"
methods are espoclally 1mportan* wben dealing with partlcles in the sub—mlcron

size ranges. .

be 'Settieable duEt’ Dust which settles out of thc air, and which- gencrally

comprlsee partlgjﬂs greete‘ than 10 microns in diameter. is collected in a
suitable container over long pericds of tine, and analyses are made to estimate

the total weight or the weight of soms specific component.,

c. Emissions, Particulates in emiesions may be collected from the conduit
systems or stack, pro;:rably isckinetically, using technlques that will depend
on the size distribution of the partlculaue, humldity ?nd iemperaturea

~

Gases and Vapcurs

~

Samples bf gases and vapours in ‘e etmosphere or in sources can be
collected by enployLng a nuiber of physical and chemical principles.
-Analyses can be made by . determlnatlon of the mass of specific components or of
general. classes of ccmponents. The analytlcal techniques that can be used
~rangé from relatively simple standard chemical methods to advanced fechniques
such”as chromatography of many tyoee, or chrematogrqphy can'be“used in con-
. junction wit th other methods such as mass spectrometry and spcctrophotometric

analycses of varidus types.

Of special interest for the identification and detection of gases and
‘vdpoufs is the use of simple devices such as indicator or detector tubes and
testnpapers. Those are particuiarly useful for the initial assessment of air
aollutlon prcblemu, although- they alro may be used in many other types of ~ir

pollutlon investigation, .

Indlrect methods,”

Apalysis of pollutants or the effects produced by them can be made by
using natural or generated clectromagnetic radiation or by acoustlcal tech~
niQLGS. ﬁcthods of this tybe fange from °imple -smoke density evaluations using

- the Rlngelmann uhar, o ad\anced uechnlques now vnder development which utllize
recently’ dlsooxered Dhy51cal pr1n01p7es or improved phy31cal technlquos.
Included in the latter g“ouo arg pa351¢e infra-red radiation for semi-

-quantitative chemical. measurement of plume constituents, infra-red radiation
from atomospherlc oxygen to makn bemperatuve soundings, and laser or radar

beam backscetter PO"VZUVG”Slon height determination, ete. " Also included in
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this claus ¢ analyses are those meqsurlnw effects, such as corrosion panels,

'labrlc fadtug and oOlllng~

Ma teorologlcal meauuremnnts

- Since msteorology has an important effest on air pollution, meteorological

-

equipment may  be neecded in studies of air pollution.

_ Anclll Ty egnipicent

Various types of miscellaneous equipment or services are required for the

conduct of air pollution studies, such as pumps,. flow meters, housing for

~equinment, pover supplies and data read--oub systems. Mass production and

standardization of sucn devices woald e very helpful.

Reno;ulng af ”osultv

ot T et e ettt | e

For th\ purposes of genf-’ra'I assessment, it is desirable to report whether
or not a poilutant is pres ent and in what approx1mate amoun+ in a sp901fied
nam%er of samnles for spec;flea theb, weather conditions and places. Thus

the 1nmed1ute reuulbs may be Dresented 'in the form of a list of pollutant
uoncentratlor vre sert in. the uamples cbtained., If large numbers of sgmples
are analysea, cnafts, blsuograms or cumulative freQuency»distfibutions aré
iaseful., S

ﬁor icentificaticn of sources of pollutants, reports of results should

make 1t 51nple to determine the gradlent in time and cpace between source and

ampllno site ander specified weather conditions, espe01ally wind dlrectlon
and speed,- As long ag tbu latter Leqllrement is met, a"eragcd data are
usually satis sfactory. However, if the source strength Varies with time, the

times of sampling will be of great importance and should be réported;

A For asvessment of effects on health, a w1de varlety of reportlng methodJ
are useu‘__Swnce for some pollatanus acute effects on health are thought to be
produced bv snory exnosuves. hourly average data, half—hourly average Qata,'

by conulnaous neasurements are desu‘able° Such measurements yield very large
amountq ol dato for the ”ute"orp tatlon of which methods of Ieportlng and data
reductlon are of vreat meortanﬂe, Wnat one usuallv w1shes to know 1s the
number of ewenus, the nuratlon of theue events or the proportion’ of the time
ln.the ygr1ou. Qamollng planb for wblch a specified 1eve1 of pollutlon has
bééﬁ ékceedéd= For examp (é) how many “times a year (or-month) has -

0.6 mg/m of SO been etveeded. (b) for how long was this value exceedsd cnce .
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it occurred and (¢) for what perCentage of the measuring period was it

exceeded°

For some pollutants, such as carbon monoxide, the effect on people is
related to an exposurc leng enough to lead to an accuﬁulation of the meterial
in the body. For this pollutant, four- or eight-hcur aﬁerages are épecialiy
important‘but, as above, the nuhber anu duration of events and the proporticn
of the sambling period for which certain lsvels have been exceoded is de51rable.
Finally, for somc pollutants, for example lead, only long-term average exposure

. is of medical interest. For evaluation of other effects, the reporting should

depend on the source and effect,

For assessment of control measures.appliad to large or complex soufces,
lcng-term trendsiusing highly reproducible methods and the fcporting of median
or averagc data for several years would Be useful or, if the control measure
is‘applied to a source point, reports will bc needed comparing measurements

before and after control, -

'For assessment of the rclation between weather and pollution, the reporting .
methods must depend on the spﬂcific hypotheses béing tésted,. bu$ mathematical
models or selected data will oftcn be desirable, and long—tcrm averages are

unsatisfactory.

When continuous recording. is used, maximal values are often reported with
" little attention to the dependence of maxima on the duration of sampling, the
intrinsic averaging time of the instrument, or the prevailing weather condi~
tions. Maxima tend to conceal analyticai or measurement errors as well, and
this is an additional reason why maxima, if reported, éhould be related to the
gndérlying frequcncy'distributiop. -
"The following rcporting methods are to be prefefred.

fl. For a specified period of sampling or integration, the resulté can be -
grouped by frequency'of occurrence and a chart drawn up to show this - or,
better still, a histogram.prepared of the percentage frequency for, or
exceedlng, a certain concbntratlon.

2, A serics of stratified histograms can be drawn for each site, for the
whole duration of the study or:for selected periods such as a month, a week,
all MOndays, or 211 Tuesdays; or again, in polluticn by motor vehicle exhausts,
histograms éhowing data for successive hours of the day, but having-selccted

a cortain hour, the scheme of results could covér, say, all Mondays, all

Tuesdays, or all the*dayS'of the week,
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3. A1l that»has justfbeen said concerning histograms arplies also to the
averages of rosults, for in addition to the ‘gencral averags. of all determina-
tlons, there car be monthly, weekly, daily and even hourly averages, The
- values averaged should be clearly specified, . _ .
Lo Inveverv casc the resulis should be presented with\évview to their.being
vsed -statistically; graphs or chﬁrts ars oftpn pre ferable to tables or

lgures,
5.. Another p01nt of view whlch should not be ncglected is, the establishment -
of a pollut101 map for a cortqln rbglon. The pr1n01ples listed above are
'agaln valid as xogerds tnc le“OdS of time to be considered. In addition the
use of 1sopleths)(11nec connecting points of equal pollutlon) should be:
attempted. o | o
5, Wherever possibie,‘it 13 worth while to bring out the correlations in tire
or spaéé with a'pollution factor, Thus curves showing concentration of a giwan
pollutant can'bé traced bﬁ the same time-scale with those showing the emissions

of a pollutant source or of wind speed and direction.

’ ~,Meteorolbgy and Air Pollution Measurements

Alr pollutidn mea surements may be made for various reasons. In most cases,
however, meteorological <informatlon should be ubtilized in judging the signifi-
cance, of the results of the measurements. The number and tjp@ pf_meteoro%

.- logical ﬁeasuremenﬁs will depend on the purpose and complexit&_of the study
and on the availabllity of data and instruments, Generaiiy available N
through officia1>govafnmenta1 weather agencies are data on temperature,
humidity, wind speed and direction ani pr001p1tat10n. Data Qn temperatﬁré‘

changes with altitude are often of particular use,

Measurements of the COé’content nay have significénp consequences for
“he heat balancé of the eartn's atmosphere, Observations of certain pollutanis

" pay help in ﬁnaersﬁanding atmosphoric movement. Further, there is evidence

that air pollution lezds to a decrease in visibility. Although it doss not

" seem prébable téday that thick fog will occur_exclusively_because of the presence,

" of pollutdnts, poor visibility conditions may last‘longer because of them.

Pollutlon, espscially by particles, can 2lso interfere with solar
“adiatlon.:'Where pollutento ‘are examinéd for other reasons, e.g., in connec-
tion with their influence on heﬂlth neteorological factors should .be taken

" into account, as the concentration of pollutants depends on*them-as:welli,
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as on the properties of the source. Both pollution and meteorological factors

may have effects on-health,

As long as only a listing of. pollutants is aimed at, thefe may be no need
for supplementary meteorological data, but they may be nseded in interpretlng

the degree of contamination observed 1n the atmosphere.

The . most important factors influcnecing the concentpation of pollutants
are wind (directioh and speed) and étmospheric stability, As a rule, it.willx
. not be possible, nor is it alweys necessary, to measure wind direction and :v~
- wind speed in every place where pollution measurements are made, .The need for

such data- depends on the purpose for which pollution is being measured,

The meteorological information avsilable can be used with the greatest
effectiveness if the time during which the pollutant is sampled is short -~
not much longer than, say, one or two hours. As a rule, one should proceed
cautiously when coMbiding the averages or totals for fhe:concentfapion of a-
pollutant deﬁerﬁined over a long time, such as a month, with wind data,

e.g, Wwith the amount of time during which the wind has a specified direction.:
It could be that the pollution‘exposure ocecurs ﬁostly when the wind has

relatively uncommon direction during the observation‘period.

Atmospheric stability may vary with wind direction and wind speed. The
offect ofbstability, depending on, among other factors, the vertioal tempefatdre
distribution in the relevant layer, ia complex, Stable conditions tend to
suppress vertical motions in the atmosphere, but this may have a different
effect on pollutants originating from high level sources than on those emitted
into the atmosphere at low levels, In the first case (at least as long as
there is some wind):the pollutant will not, or will rarely, ieach the ground;
in the second case it will not be diffused upwards} However, durling prolonged
atmosphoric stagnation, lasting perhaps a week or longer, the daily mixing of

pollutants below elevated inversions should not bc dismissed from consideration.

It is difficult to obtain reliable informstion on the stability of the lower
200-300 m of the atmosphere., The best way to obtain this information is with
meueorological towers, but these are not av111ablc in suffiClent numbers. On.
land the stability is greatest during the early hours of the morning and least
during the afternoon. It must be strongly recommended,. therefore, that if
observations with a duration of the oz rder of one hour can be made, this should

not alﬁays be done at the same time of the day as otherwise a bias may be
’ . ’
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1ntr0duced 1nto the analys1s° Contlnuous or rspeated measurements are to be

preferred to demonstrate the dlurnal varlatlon of pollutants. Important

i meteorologicalrfactors are precipitation, which may have a clesnlng effect,
depending on the size of the droplets as well as on the properties of the

pollutaht; and solar”radiation, which may give rise to chemicalfreactions.

The latter~phenomenon is more a’chemical,than-atmeteorologioaltproblem, but

its existence indicates that 3t is not always possible Lo compare observations

on special pollutants at different latitudes, altitudes and seasons. In such

cases it may be of importance to have information also with respect to. cloudiness,

The relative humidity may play a role as certain pollutants, by virtue of
their electrolyte content, can cause deterioration of the visibility, as was
mentioned earlier.  The presence in the air of aqueous fcg droplets facilitates
the oxidatlon of sulfur d10x1de to sulfuric acid,

Reliable conclu31ons from air pollutlon observatlons are therefore more
llkely when air pollutlon and meteorologlcal meesurements are obtained in a
co-ordinated manmer. This co-ordination should, wnere possible, begin at the
start of'the5activities, notably when planning the siting of ‘the observation

-posts in order to make'the'observations as representative as possible.

‘ The development or evaluatlon of mathemetlcal models for the dlffusion of
pollutants from 1solatea p01nt sources as well as from extended sources 1like
cities must be con51dered. It mlvht also be useful if 1nfo*mation with respect
to the influence of topography on the dlffuswon of pollutants could be ‘studied

by means of mathematlcal models.

Danger to.man of certain air pollutants

In addltlon to the effects of hlgh concentratlons of pollutants in stagnant
urban air, epldemlological studles indlcate that concentrations of pollutants
hlgher than normal but much less than ‘those found in dramatic episodes have
perceptible and possibly cumulative effects on susceptlble people. . Various
indices of mortality and morbidity have been used, some of which are desc1ibed
briefly below, but obviously the effects of sub-acute pollution become more
readily apparent when many susceptible-individuals are-studied' Hitherto,
studles in the United Klngdcm ‘have failed to 1ncr1m3nate speclfically and ‘
o separately,e1ther,smoke or. sulfur. dioxide - the pollu ants commonly measured
as indices of pollution. - The implementatlon of the Clean Air Act in the

United Kingdom is happily leading to the reduction of pcllution by smoke and
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further studies of the responses to pollution in which the smoke/sulfur
dioxide ratio has altered may enable the separate roles of these two pollu~

tants to be assessed,

- Two diseases_in the cause of which air pollution is thought to play a
part, chronic bronchitis and lung cancer, are demonstrably closcly linked to
other factors, parﬁicularly cigarette smoking. The study of industrial
populations - groups of men exposed in their cccupation to high concentrations
of pollutants suspected of influencing the de#elopmenﬁ of the diseases mentioned
~above - is of substantial valué. The rosults often discourage the’acceptance

"of simple hypotheses involving irritants and classical carcinogens,

WHO has sponsored several pilot studies of péllﬁtion in pairs of Europsan
. cities and its relation £0'the prevalence of lung cancer, Results indicate
that this expensive and time—consumingitechnique is of very limited valuejy

- chiefly because no assessment of past exposure is possible. 'If urban environ-
mental surveys are made, they should be related to prospectivc epidemiological

studies.

Epidemiological studies psihg comparable methods of similarly employed

populations in London, rural England, eastern cities in the United States of
‘America, San Francisco and Los Ahgeles have shown that the persistence of Eough
. and sputum is relatively common in all the cities studied and that cigarette
smoking appears to be the major cause of this. The values of pulmonary function
'tests weré‘nearly identical in the cities on the east and west coasts of théj
United States.of,America but pulmonary function tests gave lower results in
comparable‘groups—from rural England and were even lower in the Lpndqn popuia~
tion, The frequency of combinations of persistent cbugh and sputum with short-
nesé of breath or disabling acute respiratory illness was greatest invandon,
less common in rural England and least common in cities of the United States

of America, These fréquéncies might possibly be related to air pollution.

Many types of air pollution produce unpleasant odours but quantitative
relationships between specific substances or combinations and the responses of

various populations need further study.

Irritation of the eyes énd-respiratory tract is the main symptom caused
by photoéhemical pollution of the Lés Angeles typé._ This has been associated
with oxidizing materials in the air. Whether this association will be found.in,
other communities is not certain, This type of pdllution appears to aggravate
the symptoms of somewperéons with chronic‘respiratory conditions, but measure-

ment of this effect has been difficult,
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» Atmospheric CO levels sufficient.to produce two per cent, carboxy- ‘.‘
haemogldbin are;relapively cammon in large citles having many automobiles, -
Two per cent. carboxy-haemoglobin in the blood has been shown to cause inter-
s ferencg with psychomotor functions but whether this can influence the ability

to control a motor vehicle needs investigation,

Ozone is known {0 be lethal to animals at concentrations of 6‘m1‘per
cubic metre, which is only six times greater than the maximum concentrafion
recorded in Los Angeles. It vas recently shown that exposure t0 0,6 ml per
cubic metré_for two Hours interfered with the diffusion of gas from the alveoli
to the blood in 11 human subjects., How such effects are produced needs to be
studied as do vhe factors, if ahy, which influence the sensitivity of different

groups in the population.

Some poilutants, such as leéd, which are stored in the body, may produce
toxic or other effects depending on the amount so stored, No harmful effects
~ have been observed due to lead in the ambient air, but further investigation

is needed,

Pollution of industrial atmospheres by synthefic organic'chemicals and their

intermediatesvis common, The stﬁdy of the effects prodﬁced and‘ﬁhe determina~
'iion’of‘tolerabie concentrations is the province of‘thejtoxicOIOgist and
industfial hygienist. Outside the factory, coﬁtamination of the air by -
éynthetic organic'chemicals is expected to occur merely és a pbase'in the
purposeful application of these substances to vegetation, soil, and surfaces
of buildings and additionally in the storage of foods and in the household,

The problems inveolved in this tranéient type of pollution are likely to be
-local in extent and, since the ?hemical concerned is alreadyiidentified»and-

its properties Xmown, precautions against its inhalation can be applied

accordingly,

Pollution of the communal air by synthetic organic chemicals is probably
insignificant. (This hjpotﬁetical problem must certainly be regarded in the
light of the véry real contemination of urban atmosphere by "traditional" and

. Y“newer" inorganic snbstances,) It 1s doubtful whéthér.the synthetic pesticides,
whether formulated as liquids or powders, can easily be redispersed in ‘
inhalable form since their formulations and the methods by which they are
dispersed are designed to produce maximum retention by the surfaces to which

. they are directed, Only considerable‘attrition could produce from these
applications particles that might again become airborne in sizes small enough
o be inhaled.
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- Emissions of synthct c organic chemlcals by 1ndustry arc llkely to be very
small 51nce they are prlme products and not Wastes. Some comfort is to be
derived from the cht that w1th1n the factory, any waste ynthetlc organic
chemlcals can be destroyed in the same way as odorlferous gases by feeding the
air containing them into the stack, gither through the f1re bed or at some
point before the heat axchanger when the molecule in-question may “be completely
dlsrupted. The destructlon of scrap organic. mqterlalvsuch as waste plastlcs
ought- a2lways to be compltto ‘and such materlal should never be burnt on open

dumps.

There 1s good roason to deduce from 1nvest10ationsvon the pollution of
air by motor vehicle exhausts that the ultlmate fate of organic’mattervln the
air may be complete oxidation. It is undenlable that some ‘chemicals may take
part in reactions by which irritant new substances are: formed as more or less
long-lived intermediates, This type of pollutlon can hardly'be said to be due
to synthetic organic chemicals, but exemplifies what might follow the emission
into the air of truly synthetic chemicals.

Long-term dangers of air pollution

General air pollutants with demonstrated or potentlal health effects are
given in . table II. Air pollutants occurring in local 31tuat10ns (arsenlc,
'berylllum, fluorlde) are 1nc1uded because serious long—term health effects
have occurred in man and anlmals living in communities adJacent to 1ndustr1es

emlttlng ‘these substances. -

Among the 51xtoen air pollutants or air pollutant groups, seven are thought
to have potential chronic-effects (column 2) at levels actually observed, On
the’ other hand (column 3) most.of the generally recognlzed air pollutants may,
in approprlete combinations and at certaln lcvels, becoms a potentlal threat
to health. '

These conclusions are derived from tox1colog1c studles on anlmals or man,

industrial hygiene experiments and epldemlologlc studles.v
,The high respiratory morbidity and mortality rates in urhan»areaszof )
Europe and North America have led to the idea that inhaling polluted air has,

among other things, led to chronic respiratcry disease. Houever, the reported
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high incidence of chronic bronchltls 1n smaller towns and villages in Italy
and Yugoslav;a and the frequency of cor pulmona]e in some rural areas in India

suggest that factors othor than ufbenlzatlon and smoklng may be 1nvolved.

The w1uespread acute and bUbaCUue resplratory tract irritation from the
soot and SO2 type of pOlluthu in ‘Burcpe and from photochemical reactlon
products in Los Angele lso has led ;0 a supposition -that long—term effect: on

,the resplratory system ma ay be occurrlng. Few studies of the relatlonshlp ‘

”between acute and long—term effects have been made.

In a_study.ox,the long-term consequences of an acute exposure to pollu-
tants, which caused an immediate rise in mortality in Donora, it was found
that those who only had acute effects in 1948 but no previcus resplratory

symptoms, showed no 1ncreased mortallty lO .years later.

Mechanisms of pol—utant actlon and absorptlon by the respiratory tract and
nethods of study

» Mechanisms»of long—term effects are not well understood. In particuldr,
little is knowh about the relation of acute reactionvpatterhS'of the airway

:(callore narrowing, secretion and cough) and long-term effects.

The respiratory tract, within Whlch forelgn material once 1nhaled may
come into intimate. contact with the body's 01rculat1ng blood, has a number of

defences.

First there is the oomplex anatomy of the hasal cavitj and upper
respiratory tract which causes larger and heavier“particles to be deposited
by:inpaction‘aqd settlement. Generally, particles of this size are sﬁﬁilafsto
*hose which are deposited in dust~fall jars used for env1ronmental samrllnf
Since these partlcles do not reach the deeper parts of the lung, their health
effects,areumostly through‘forelgn body reactions of the congunct1va and their

long-teri effects are probably relatively unimportant,

" The smaller particlesl(less than “about 3 usually psss.through the upper
respiratory tract to reach the deep parts of the lung, There they may be
dissolved, if soluble, or ihgested by phagocytes if insoluble, They are
sometimes deposited peripherally; or filtered out by theflymph nodes. If the
paxticles are one of the forms of quartz or some other minerals, or beryllium,

they may ultimately lead to fibrosis or granulomatosis,
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Thus 1t is particle size or more precisely its falling velécity that
determines which part of the respiratory tract recciﬁgs what dose and type of

particulate pollution.

By contrast; it is séiubility of gases which determines the poftion of the
respirétoryltract wﬁich,becomes the main target for gaseous pollutants; In
high cbncentrations most of the inﬁaled sulfur dioxide is absorbed by the mucous
membrane of the nose and upper respiratory tract but as the concentration

decreases, a smaller fraétion of the inhaled dose is absorbed by the airway.

“Particulate pollutants (even if chemically inert) and gases such as 802
are capable of causing changes in airway calibre measurable by their effects
on resistance to airflow, vIt has been shown in animals that iﬂért particles
(NaCl), which alone had littls effect, could greatly augment the effect of
sulfur dioxide on airway resistance, From t%is work have grown many additional
studies of the effects of particle and gas combinations. Three general -
principles predominate. First, the particle surface is thought to be a place
where gas'molecules can reactf“An example is the oxidation of S02 and SO3

- which is facilitated by the action of gas and liquids on a particulate surface,
-. Thus the local concentration of pollutant molécules where a particle impinges

“on . the sdrfacé'of,an airway or alveolus may be much higher than the average

~predicted’ from the assumption £bat the 'pollutant molecules would be uniformly
. distributed-throughout ‘the inhaled air.. The third.mechantsm is the ability of
particles to éafry‘poilutant‘molecules ﬁhere they might not otherwise be carried,
For example, it has been shcwn that fine soot particles will bind benzo(a)
pyrene so firmly that the substance is carried'déeply into the lung and retained
‘there for many days, apparently long enough to cause true. squamous cancer of

the lung in 70 per cent. of the exposed experimental animals.

The lung may rcact in various ways. Airway narroﬁing, fibrotic and
granulomatous:reactions have been mentioned, Extreme airway calibre changes
occur in asthmatics; Secretion of mucus is one mechanism for buffering aﬁd
dissolving gaseoﬁs pollutants and trapping-particulate pollutants,. Chronic
bronchitis is a'persisting and exaggeréted form of this defence mechanism, -
The effect on the mucous membrane can lead to its secretory layer being -
thickened or its secretion béing thicker or more viscous. The cilidry beat
may be directly affected. This has beén demonstrated experimenfally in

- animals after exposure to high concentrations of some of the substances in




- 33 -

polluted air. If the layer of mucus is thick and the rate of transport slowed,
bacteria and other inhaled substances may remain in the lungs sfter the initial

deposition.

Studles are needed on the effect of different air pollutants on the clearing
capacity of the lung as well as on.the effects on ciliary activity, thickness

and viscosity of the mucus. ItAis'also important to study further the absorp-

2

Of the substances listed in Table II, sulfur dioxide, sulfuric acid, some

tilon in the upper airways of different gnses such as SO, and ozone.

of the sulfates, and fluorine are primarily acute, rapidly reacting respiratory
tract irritants,. To these may be added other pollutants, better known from

oocupational experience, such as chloriné, formaldehyde and acrolein,

Reactions to ‘ozone, nitrogen dioxide and to some metallic oxides may be

. acute and severe, but the -onset is often delayed for some hours. .

Reactlons to pollens, cotton and flax dust, and castor bean pomace are’

thought to 1nvolve some immunoclogic or other time~-dependent mochanlsm.'a"

Berylllum,uasbestos'and nitrogen d10x1de have specific long-term effects,
the manifestation-of:which may not be fully developed for months or years.

AP ol
ERARRRI

Evidence of long=term effects on man

There have'. b‘e’c;‘nv‘k,a;‘n‘\;!mbe,r of reports of long—"berm respiratory tract effects
A with a suspected relationship to air pollution.  For a more adequqte'stétement
about effects than can now be made, epidemiologic studieé oflcardio-pulmonary
conditlons and respiratory function must be suppléﬁepted with controlled human,
and laboratory'exposures at'rcaliotio levels and with realistic combinations;
Such. studles in each 1nstqnce must take 1nto account the role of c1garette
smoklng, of occuo°t10nal exposures and of extraneous varlablos before "cause-
effect" relationship of air pollution and chronlc resplratory condltlons -can

be accepted,

Chronic non-specific lung disease. Bronchitis morbidity and mortality in

Great Britain have beern related (in part) to air pollution by a series of care-
fui studies, These have been reviewed in detail in the WHO Public Health
Paper No. 15 (Epidemiology of air pollution) and are thus .not discussed here,
In similar studies in other counfries, chronic cough and sputum alone haveA
been shown to have a similar prevalence in many areao-with different levels of

pollution and these symptoms occur more frequently in cigarette smokers than
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in non-smokers, Howevcr, the. frequency of shortness of breath and protracted

eplsodes of resplratory disability was greater in Londoh - thnn in rural anlend
or 01tles in other parts of the world, Respiratory function tests are-similar
in their pattern. Similarly convincing evidence has been'presented from Japan

that chronic respiratory conditions are more frequent in polluted areas.

Emphysema as a reported cause.of death in the United States,is greater
in urban thqn rural areas, The relationship of emphysema to air pollution is
not yet proven as clearly as for chronic bronchitis but possible dlfferenoes in

' reportlno chronlc bronchltjs and emphysema may account in part for thlsﬂ

Health effects of pollution on children. Studies on children using nutrltional

and-respiratory function tests have shown that'anaemia, morbidity, -altered

‘development and respiratory conditions arc associated with-air pollution.

Evidence of respiratory and other effects from laboratory studies.

Combined exposures

. Table II shows very clearly that, at the ordinary levels of air pollutants,
or those of the foreseeable future, the potentlal threcat to health on a long-
term basis may be expected to arise not from any single air pollutant as much
as from air pollutants in combination. Combination may be-with:other air ..

pollutants.or with infectious_picro—organisms.

Both animal and epidemiologic studiss support this statement ontthe

‘potentiating;effects of air pollntants. It has been shown that a sinvle
. exposure of mice to trace quantities (a few ppm) of the respiratory irritant:

ozone increased: the death-rate of mice either prev1ously or subsequently

infected with KlebSlella pneumoniae. Nltrogen dlox1de at levels as low as

0.5 ppm similarly synerglzcd the effect of thls mlcro—organlsm but only after
nearly contlnuous exposure for more than thre e months, True squamous cancers
in the lungs of mlce, similar to those found in man, were produced by exposing
the animels first to 1nfect10n w1th an 1nf1uonza virus then to large -doses of
.ozonlzed gasoline. Ta the animals exposed to ozonized gasollne alone, there
Were no 51cnlflcant changes; in those with infection alone, aporox1mately

eight per cent. showed squamous changes in the bronchi cons1stent w1th the B
healing process after infection, with only an occaslonal metaplastic change,
however, 30 per cent. of the animals exposed to the combination showed squamous
carcinome,"Thus'the imposition of infection on an air pollution exposure can

reveal the effect of 2ir pollution.



Functional ‘studies -

Use of the whole bouy plethysmograph has resulted in many valuable
observations on the effects of respiratory irritants on gaseous flow, intra-
pleural pressure and tidal volume in both man and animal. Changes in these
3, 3, sulfuric

acid vapours, auto exhausts and others, alone and ‘in combination with solid,

parameters have been related to known concentrations of SO

particulate aerosols. Similarly, the respirometer may be used to measure
-changes, both in animals‘and man, in respiratory function (O2 consumption)
after inhalation of air pollutants and thus provide a sensitive measure of
physiological alterations in the lung, The rate of diffusion from alveolus to.
blood of'carbon_monoxide.(DLCO) can be used in man to measure the interference
of pollutant exposure with exchange of respiratory gases, and if combined with
other measurements, such as vital capacity and forced expiratory volume, to -
locate the -site of action of the air pollutant. The effects.on ciliary beat
and mucous membrancs of the upper respiratory tract can be'used to estimate -
the potential for harm of air pollutants, both particulate and gaseous.
'Changes in thickness of the secretory layer of the mucous- membranes or of
viscosity of mucus can alsc be measured.  The effect of air pollutants on lung-
clearance .capacity and study of the rate of absorption of gases, vapours_and
particulates in the upper and lower alrways offér additional methods of

: evaluatlng the effects of air pollutants,

Biochemical studies

Bioohemical measures'of various kinds provide useful indices of derangemsnts .
in the normal functioning of the organisms, Although they are often none '
specific, they are important sources of information in tcxicological studies in
the laboratory'and'could:be usefully extended to the evaluvation of the effects
of exposure of\humans to pollutants. Relationship of such»changes:to 1ong-term
effects is not generally known. ' o . ‘

131 by the thyroid provides an

estimate of the toxic stress on the homeostatic mechanism. In animals'this

Measurement of the rate of release of 1

has been used to study air pollutants of the respiratory irritant typs. The
method is capable of measuring other responses of the thyroid to toxic stress,
namsly the refractive and hyperactive states. Because of its sensitivity it
would be useful to make a comparative study of this method with that of
..behavioural responses. Sinularly, changes in adrenal function in response to
substances entering the'respiratory tract may be measured by determining urinary
" corticolds. ’
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- Quantitative measurement of changes in enzyme activity, the products of
enzyme’ act1v1ty (body metabolltes) or enzyme cofactors offer ba31cally sound
biochemical approaches to the. early detection of metabollc alteration resultinv
from long-term exposures to air pollutants, Biochemical indicators are numerous,.

and -selection should be made to suit the tox1cologic needs.

The single biochemical indicator having probably the broadest application
to chronic metabolic alteration ih animals is lung glutatnione (GSH),
Significant diminution in lung GSH has been measured in<animalsbfollowing ‘
chronic exposure to-air pollutants (oils), These changes appeared before
evidence ‘of -histological change. GSH is a requisite for cellular membrans
integrity and for the activity of many important enzymes. Thus_those enzymes
which depend on SH groups for activity are also.good indicators of bicchemical
‘ changes: 'The ‘change -in serum protein ratios, particularly the albumin to
globulin (A/G) ratios determined by paper electrophoresis, is a good, general
indicator of metabolic derangement. Ultra-violet absorption spectroscopy is a
rapid way to detect and follow-changeS'in'the blood and tissues. The more -
sensitive immunologic techniques for detecting circulating or fixed antibody
mey be used with certain of.the more reactive air pollutants; Changes in this
defence mechanism of the body can have: important 1mp11cat10ns in the assessment
not only ‘of the degree of toxic stress, but in the eluc1dation of the mechanicn
of action of the pollutant, Other 1mmunologlc methods have been suggested:
counting of plasma cells, and the quantl ative deuermlnation of change in the
capacity of the body under toxic stress to develop antlbodles upon. immunlzatlon.

Further study is needed 1n these areas.

Effects on reproduction and animal genetics

In addition to the‘"standerd opereting.procedures" of toxicology long used
for the detection of chronic changes, such as body-weight, food intake, organ to
body-weight ratios; haematological and histological changes, very useful results
may be expected from the effects of low-grade exposures on reproduction of small

animal species (mouse or rat) fhrough the'F2 generation,

Storaée‘of pollutant

Trends in storage and accumulation of irorganic and organic pcllﬁtants and
their metabolites may be determined by spectrochemical or chemicai methods in

body tissues and fluids. Information already existe on the normal accumulation
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of metals in'man in some countries that can servevas a baseline from which to
judge change'in'pollutant storage and acewiulation, . Spectrochemical ‘but
-preferably, chemical analy51s of the lung and liver for metal shifts of essen~
tial trace elements such as copper, molybdenum and zlnc revéals’ remarkable "
changes’ in tissue content following long~term exposure to air pollutants in

animalsy S ' ’ T T e

Production of tumours

'A'highly sensitive procedure is the use of a lung tumour susCeptible strain
(e CAFl/Jak) of inice of known high tumour incidence. Exposure of this, or
similar, strain of mouse to air pollutants and the periodical examination of the
lungs for tumours, and comparison with suitable controls, may be used to measure
the lung-tumour accelerating (or inhibiting)'potential of the air pollution.

s

Control and prevention of air pollution'

' The control of air pollutlon is ultimately an engineerlng problem, In
principle it should be p0851b1e to reduce the env1ronmental air pollution below
the 1evels recommended by air-quallty guides by applying one or more of the
;follow1ng procedures~ (a) containment i.e, prevention of escape of toxic
substances into the ambient air; (b) replacement of certain technological
processes or fuels by new ones whlch produce less air pollution, or,

f(c) reduction of concentration of toxic substances in air by dilution. ‘These
" three engineering methods may be supplemented by restriction in the use ‘of -

substances that may become air pollutants, e pesticides.

Containment can be ’achieved by a yariety of engineering'methods such as
enclosure, ventilation and air cleaming, which are highly effective, particularly
“in nuclear sanitary engineering. It should; however, be pointed out that the
“improvement of containment methods has been accompanied by a considerable rise
in the operating cost and that the economic’ factor often’ seriously hampers -
their'application. Tt should also be noticed that containment methods,'

although very efflca01ous, are never complctely effective.

p The second pr1n01ple of englneerlng control that of replacing a techno~
logical process producing air pollution by a new ‘one free of airupolluting
}products, has been con31derably less successful in practice. The reason is
obv1ous. The new substltute -process has to be technologically equivalent to.

the ‘old one in all essentials such as the quallty of the final product, the
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availability of raw materlals, stc,, and it has also to be satisfactory as
regards cost -of production, .All these requirements are difficult to meet and
call for costly long-term industrial research, accompanied by similarly
eXpensive and lengthy toxicological research, Bu£ gubstitution may 15 certain
cases be the only solutlon to a speclflc air pollutlon control problem. The -
restriction of the use of potentially harmful new synthetic chemicals depends

on the avallabillty of adequate substitute substances or processes.

The third.principle dilution should be used only if the first two methods
are not applicable or are unsatisfactory for either technological or economic

- Yeasons,

II Water Pollution

Trends and health'significance of increasing pollution

The total natural freshwater resources of the world and of each generaluarea
of the world are relatively fixed by hydrologic forces. The use of these ‘
resources, however, is increasing rapidly as a result of continued population
growth and industrial expansion. Along many of the major rivers-in highly.
developed countries, fresh water is used over and over again as it flows from-
highlands to-the sea.,. Each use changes the quality of the water, generally
to the disadﬁentage of subsequent users and of aquatic life,  There is a limit
to the waste products that a stream or lake can assimilate without serious
effects on man!s physical, mental and social well-being, This limit has been

reached or excezded in many instances.

In almost all- of the developéd.countries, there 1s growing concern over
the ever-increasing introduction into the water of chemicals and radioactive-

materials with carcihogenic, toxic and physiological effects on man.

In spite of the increasing cox'nplexity of the micfochemical‘pollution of
water, the biological aspect is still important, Water-borne outbreaks of
typhoid fever'still oceur whensver favourable epidemiological'facﬁors coincide
with inadequately treated water supplies. High carrier rates and high resistance
to chlorination by the enteroviruses are two factors in.the prominenqe of such
virus diseases at a time when the enteric bacterial diseases areIQeclining.

The cafrier rates of entereviruses in children under 15 years,ave;age.lO_per
cent, in the United States of America .and can be expected to be much higher:in

less developed countries, Little is known of the carrier rates of infective
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hepatitis, but thcy may be high, where onVironmental sanitation 1is poor. The
relatively high 1ncidence of this disease, the increasing numbers of small
water-borne outbreaks, and the occurrence .of epidemics associated with shell—
fish harvested from polluted waters support this belief

Free~living nematodes, protozoa, and rotifers'are the major groups'in A
the. zoological phase of aerobic sewage treatment, They are present in large
numbers in the effluent. When an effluent enters a natural watercourse, such
as a stream, it receives the viruses, bacteria, and zoomicrobes carried in the
efiluent. In the treatment plant, the_zoomicrobes'feed mostly on bacteria
grOWing on organic particulate:matter. Nematodes rec0vered from effluents
from trickling filters and primary settling plants,have been found to contain
in their gut small numbers of E. coli and streptococci. Pathogens can survive
one to two days inside the nematodes. In times of large’épidénics,“ﬁah&mpersonsf

are discharging pathogens ‘into the sewage and these nematodes may then serve

T as carriers.

Other zoomicrobes, especially swimming ciliates, feed actively on suspended
bacteria, including Salmonella and Shigella organisms, but uhey are apparently '
incapable of ingesting Viruses, which are too small.to be entrained by the -
cilia.. The 1ngested bacteria are.so rapidly digested that the carrier problen’
with these protozoa, if it exists, is very remote indeed.

_ Most biological pollution can.be effectively eliminated by most. conven-
tional water purification systems, but in many-developing countries the water
to which people have’ access is not nscessarily safe, According to statistics’
compiled by WHD only 20 per cent. of the ‘world's population have access to

“piped water supplies and if highly developed countries are excluded only five
per. cent. of the remaining population enjoy this facility, i

In addition to the chemical and biological degradation of—surface waters
"and ground waters, serious consideration must be given also to physical pollu~

tants, among which heat and radiocactivity are the most important.

A high temperature-of:surface waters is accompanied by de-aeration and a
resultant loss. of dissolved oxygen, With marked effects. on the-fauna and flora
of :the' water. Not only- is the supply of oxygen reduced but its-rate of use for
metabolic processes 'is increased; hence heat contributes doubly to the
de-oxygenation of surface waters. Thermal pollution 1s also serious in that 1%
interferes with the subsequent uses of water by industries and municipalities.
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It is not ohly'the pollution of fresh water that must be considered, For
example, migratory fish such as salmon pass from the sea,‘throughiestuaries;
to freshwater streams. In mahy'industrial countries there are large towns an&
factories on the banks of estuaries, ﬁhich in consequence are often much more
‘highly poliuted than the freshwater streams emptying into them, This 1s
certainly the case in the United Kingdom, where important salmon fisheries -
have been destroyed through éstparies becoﬁing impassable to adult and immature
salmon, even though the rivers discharging into these estudries are themselves

comparatively unpolluted.

Chemical contamination of water

Sources -of pollutants

The chemical contaminén%s that enter the surface and ground-waters of the
earth.do sé in three principal vehicles: (1) wasStes and waste waters from
sewered and ﬁnSewered communities; (2) wastes and waste waters fromvihdﬁstry
not connected to public sewerage systems; and (3) surface run~off and undei-
ground seepage.from rainfall collected by the drainage systems of urban and.

=ural ‘areas,

Within sewered communities, households and institutions .are major -
contributors of spent synthetic detergents, industries less so. Conversely,
indusﬂriés are the principal ccntributors of other synthetic organic substances
either as'wasﬁé‘products of their own manufacture or as qpent liquors from other
mahufacturing procesées. Discharges into water vary in. kind and concentration
with the natﬁre oi_‘ the industr_y and the conditions o‘f manufacture. .The
concentration and, in_th? case of nonQpersistent Substances,_ﬁhe nature and
concentration of thneir intermediate and end-products of decomposition are
normally altered by sewage treatmgﬁt beiore efflueﬁts reach water-courses, The
kifd and intensity of cleansing operations is, therefore,important in chemical

water management.

In'uhsewered'cbmmunities disbharging wastes to the soil or possibly Fp the
land and thence o watercourses, undefgound'waters and surface supplies may
" also be contaminated, Where water is drawn ffom the ground and the resulting
waste water is returned to it throughneaiby'leaching devices, spent ~hemicals

may remain substantially unchanged in constitution and concentration,
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Industries requiring large quantlties of process or cooling water are often
'31tuated on important waterhways. With direct "commnication between 1ntake
and dlscharge through the works, the opportunlty for the release of unaltered

,chemical wastes by intent or accldent is 1ncreased. -

(\

Run-off and - seepage from rainfall in urban areas appear to be of importance .
.in modern cities chlefly when rates of precipitation and their duratlon are
‘high enough to spill=apprec1able quantities of sewage and scourlngs from come
'.bined'systems of sewerage into waters that are otherwise well protected against. °
'pollutiou during dry weather or when rainfall is light, = Shoek loads of waste
chemicals may then be poured into receiving waters and travel downstream in
"plston flow" or move about in lakes, ponds and resérvoirs as'slugs high in

concentratlon of pollutants before thelr ultimate dilution by dispersal.

) About the chemical pollutlon of so-called natural run—off and: seepage, we
know little, but we must assume that these intermittent flows contain:suspen-.
sionsband leachings of}substances added to cultivated lands, fields or forests.-

‘Nature andvconcentration'of pollutants

Because. the chance as well as purposeful wéter-carriage of waste substances
is part of our present, strongly hydrologic and hydrauwlic civilization, the:
waters that must be drawn upon to slake the thirst of man and beastvconcelvably

-contain, at one time or another, and in one place or another, every kind of
chemical that man is winning from nature or-synthesizing for his use. Henecs,
the degree of pollution with chemicals and the. size of the population at risk
.determine the danger being created. Composition. of the population and -
amenability of chemical pollutants to removal, modification, or destruotion by
common or -speclialized treatment processes are significant but lesser determi-

nants.

‘Syﬁthetic detergénts. That synthetic organic chemicals do reach both surface

and’ underground waters and may do so in appreciable concentration has been’
amply demonstrated by unsightly foams coverlng rlvers, ponds and lakes and-
issuing from springs and wells. Because the persistent anionic detérgents, -
which are almost wholly respousible»for these visible signs of water pollution,
-are‘nonétOXic'in a'practical sense ~ although.information on the effects of
long~term ingestion on man are not yet fullj'documented‘A'administrative
action against their use is based primarily ou aesthetic grounds. In water-

supply, howswer, palatability and attractiveness, although secondary to toxicity,



-~ L2 -~

" are not factors that can be 1ightly brushed aside, Of further interest is the
inclusion in detergentﬁformﬁlations of so=called buiiders which,conoain among
other things, condensed phosphates as sequestering agents. These, too, are
‘non-toxic, yet they are‘key elements in the eutrophication of lakss and other.
deep bodies of water. By-providing essential nutrients to algse, diatoms,

and other plan&ton orgqnisms, phosphaucs increase the number and inten31ty of
blooms or sudden growths of these organisms in large numbers.' Un51vhtly and
odoriferous scums are formed and interfere mth the enJoym,nt of bathing o
waters;' Moreover, they make the productlon of adequate amounts of palatable

drlnklng-water difficult,

Identification of synthetic organic chemicals in water. With some exceptions,

the toxiec hazards of modern synthetic chemicals that find their way into
drinking—water are not known with certaihty; nor can we anticipate rapid
acquisition of necessary knowledge until‘we are 2ble to identify the nature.and -

concentration of the pollutants that may be of concern.

Using the oarbon—chloroform exbtract technique which involves passage of
almost 20 000 litres of river water through a carbon filter followed by
extraction of the ‘adsorbed materials by chloroform, it has been possible to

: _recognize a aradatlon of rlver waters in the United States of America from

relatlvely clean waters to wote s seriously polluted by 1ndustr1Q1 wastes,
Exempllfylng light domestlc pollutlon was the Columbia River at Bonneville
_Dam, Oregon, with 2i parts of CCE (carbon—chloroform extract) per 1000 million;
iexempllfylnc hequ 1rdustr1a1 pollution the Konawha Rlvar at Winfield, West
Virginia, w1th hS? parts'of CCE per 1000 mllllon. Moroover, the presence of
DIT, aldrln,vorthoch_oronltrobenz ons, tetralin, naphthalene, chloroethyl ether,
acetophenone; diphenyl ether, pyrldlne, and other nitrogen bases; phenols of -~
varioﬁs.kinds, nitriles, acidic materials; miscellaneous'hydrocarbons,
including substituted benzene compounds, keroserie, synthetic detergoents,’
aldehydes,‘ketones and alcohols could be identified in the CCE. Some of these
" . substances are known to be toxic. Mony other-compounds,'undoubtedl& prasent,
remaincd unidenﬁified.' The application of chromatographic and spectrophoto-
| matrlc methods have 31rce mnde analysis easicr, - It has been possiblf 0
identlfy in r1vnr water reprusentatlve chlorinated insecticides in concentra~
tions of loss than 10 parts pur 1000 million by carbon filtor samplln
adsorption chromatography, ‘and 1nfrw-red spbctrophotometry.

L.



Accumulatlon of contamlnwnts" Of much 51gn1flc°nc is the fect that prcsent o

methods of weste~water treatment leavc manv dlssolved chomlcals unchrnged.
Consequently, thc conccntratlon of contaminants lncreascs as- water 1is re-uscd.
Downstream communltjes are than exposed to 1ncre~31ng conctntratlons and varlctA

ies of chemlcﬂl pollutants.b In comp’rlson with the flvurcs for the Columbia

and Kﬂnawha Rlvcrs, for cx"nple, thf‘hpQVIlV polluted Detroit, RiVer near
Wyandott Mlchlgan, and the Mcrrlmac& Eiver at Lawrence, Massachusctts, _
yieloed respectlvcly héS and 7b3 p“rts per léOO million of CCE' At Channte;
Kansas, w“stcwetcr recireulated throuch El reserv01r on the esscntlally dry

Kaw nlvor,' ontﬂlned 992 parts per lOuO mllllon of uCW

Pesticides~1n watcr‘ DDT has becn found in a2 number .of large rivers of the-.

United States of America in concentrations of 1 to 20 parts‘pcr 1000 million,
Pesthldes wapllcd to vecctatlon or, soil for ths control of "grlcultural pests
ddre lncorporpted in part into plants or remaln on them as residues, are A
volatilized 1n pqrt or fixed in the soil, dearaded in part or left unchanged
and ultlmately leached in part from the- s01l by ralnf(ll or irrigation water

to appear as run—off or percolatlon._ Transport and, degradatlon vary w1th the
partlcular chomical and its contacts. Much has becn dons to dlscover the fate
of pestlcides for the benefit of the user of the product- llttle for the benefit
of water quallty management What the 51gniflcance is of a potentlal threat of
pestlcldal chemicals to drlnklng—water_supplles‘rema;ns to be shown by'further
investigations and research, Neverthelese; it islclearlthat the wide use‘of
chemical pesticides has created a new.water pollution problem which cannot be
solved in the same way as problens connected with the dlscharge of sewage and
'induetrial waste have been solv d in thc past. The eoonomlc uscfulness of
1nsect101des is so great that 1ncrea51ns quantltlcs of thcse synthctlc chcml-
cals must bexcxpecteo to reach wztcr supplles. Accordlnﬂly we should bc )
prep=red to rcmove them when “they appe"r in 51gn1flcant concentratlons. The
icurrent trend howevor, is tc ev01d difflcultles by developing less stable

pesticldes for use: in agrlculture

Carcinogens. A?etroleﬁm prodncts end refinery wastes are:genefallj‘liéted among
possibly mﬁtagenic and Carcinogenic substances, VThet there areEeﬁfface wéters
into whlch industrlal plants discharge wastes contﬂlnlng substances of this
nature has already been sugvested. The recovery of varlous polycycllc aromatic
hydrocafbons from sewage sludgc has been reported among them ‘the known

' carcinogens,v3,44benzpyrene and l,2-benzanthracene. Effluents from gas—works,
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run~-off from macadam roads, and atmospheric soot quhed from the air by rain are
suspectcd of introducing those chemicnls into sewage. C*rc1nogenic aromatic
amino ccmpoundg,‘such as betanaphthylamine and benzidine, originate in dye and
rubbef works and may be released to public sewers together with nitro-analogues
ﬁsed'ig the production of amino compoﬁnds, such as 9minbazo-dyes, amino stilbenes,
and tri- and‘di-phenylmothan\ dyés. Phﬂrm°coutical factories, textile dyelng
plants, plqstlc—productlon operations, and related 1ndustnes are othar sources
of these organic substances. Somg of the intermediates such as orthochloro-
nitrobenzene, have been found in the Mississippi River in apprcciable quantities.
They may b> quite stable. For example, chlqronitrobenzeno_discharged to thé
Miseissippi at St. Louis, Missouri, was still demonstrablé in watqp drawn at

New Orleans, Lou151ana, hundreds of miles or many days' flow away.

Tt must be concludgd, therafore, that there is reason to suspect the presence of
pO”Sibly dangerous compounds in polluted waters =2nd that prolonged or life-time
consumption of water from polluted sources will increase the normal burden of
carcinogens from all sourc:s. In the a2bsence of re¢liablc methods of analysis
for dangerdus compounds, we must turn to longitudinal epidemiologzical studies

of pépulations at risk to provide needed - in this case, unfortunately, only
ciréﬁmstantial‘— ovidence. Ultimate decisions on the conditions and degréebdf
exdcsure of,popﬁlations must rest on information derived from caréfui studies

of the fate of pertineont chemical pollutants.
v : : .

e .
ToXkicological standards

In reference to the newer organic synthctic chemicals, there is an urgent
nead for close study of man himsclf in relation to his ingestion of relatively
small amounts’ of possibly dangerous substances over a‘prolonged period of time,
Information based hpon‘bio-assay through vnrious aquatic organisms, as presently
coﬁducted, is'pot directly applicable to man. Fish,'for example, can 2bsorb and
release toxicants without necessarily metabolizing them. Accidents, so useful
in identifying levzls of acute toxicify in industry, would not necessarily tell
muca about cpronic poisoning, Current methods of testing for chronic.poxicity
on experimental animals are.normally conduct~d on groups 6f animals which ére
relatively small when compﬂrfd w1th the size of human populations lik:sly to be

exnsed., Therefore, effects with 2 low incidence would go undetected. Moreover,
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studies on animals are. not expected fully to reflect tne effects pf‘toxic~sub—
‘stances -on man.-'Synergism.and additive effocts of toxicants are possible and
should be studied.

In the clrcumstancas, it may be possibls to adduce 1nformation from
experience in industrial hygicne, especially when thc toxicological data on which
industrial-standards’have been based include animal feedlnguexperlments as well

as. Observations of the rcaction of substantial populations at risk.

The present feellng ‘of many public health authorities is that no pprm1351b1e

v‘concentration should be sct at this time for known carcinogens among the new

chamicals.

Aquatic food-stuffs

Fish and shell fish constitute almost the sole human food that comes £rom

‘natural waters. The vertecbrates are sonsitive to a wide weriety of organic

"' chemigals.:: Consequently, suitable spccies are used in bio-assays to detect

chemical*pOIIutiOn;‘ Since the most probable effect of chemical pollution of

" water is. ths death of. the fish tested, the danger is easily recognized. Howcver;.

it is possible that fish and other aquatic creatures used as human food may

prové unsusceptible . to substances which are very poisonous to man., For

' fexample, an “epidemic" of neurological dlseaso was attributed to the eatlng of

‘fish that had accumulated a2lkyl mercury compounds from a factory efgluent
dischafging to fishing grounds in the sea, ‘This potential dangef underlines the

- need for care in kecping dnngerous factory efflucnts away from sources ‘of human

~ . food.

* Current problgms

Synthetlc dstergents and th01r r031duns

‘The ‘history of pollution by detergents may scrve as an example of the

consequonces .of introducing a new type of microchemical contamlnnnt 1nto the

‘ aquatic env1ronment, and of the measures which have been taken to alleviate the

nuisance caused thernby.- The houschold detergent,mixtures which began to be

marketed on a 1 rge scale some fifteen years ago, contalnod as their essential

-~ component an alkyl benzene sulfonate (a molccule compr131ng bonzene mucleus
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to which was attached a sodium.sulfonate:grovp. and an alkyl chain containing
u.aually ‘gight or mots carbon’ atoms) © When the matemls were first used, this
alkyl chaln was branched, a circumstance later found to be of p-:rtlcular Ampor-

tance though the. s1gnif1cance of "t was, not reallzed whon the materials were

’ ‘It “Soon " became. apparent that this type of surface-active material was
particularly rosistant to decomposition by bacterial action. . In this respect
it was _very di.fferent from the soaps which it :eplaced, s:.ncu these undergo
) rapid decompos:.tlon and do not glve nSp to any partlcu..ar dlfflculty in waters
'to which they are eventually dlscharged. ~ ' '

Because of their resistance to bacterial attack, the early forms of alkyl
-benzene sulfonate were only partlally decomposed during treatment of sewags; and
*"approximately half" the quantlty originally present was subsequently dlscharge‘d
with the gewage effluent. A characteristlc property of these substances is that
-théy Peduce the” rate’at which oxygen is transferred from the gasi phas_e to solu-
tion4n’ &liquld “Since the purification of sewage by ~bac'ter_ial Asctioni_::ts _
essentially an aerobic process, efficient solution of oxygen is very important,
and éitpe’risi’ve ‘methods of aeration are necesgsary to achieve it to the desired
extent. Thus, the presence of detergent residues, by interfering with this
"prosess, greatly increased the cost.of sewage treatment.. If additional aeration
plant was ‘not ’prov:.ded thﬁre wis ‘a’serious- deterioratlon in the quality of the
' treated effluent.

Passmg over ‘this, however, ths residuss discharged to surface waters also
caused a . serious deterioration in their quality. The unsightly foaming which
occurred in many rivers, particularly below turbulent reaches, is well known.
Another less obvious, but equally :l_mportant effect, was that the rate of solu-
tion of oxygen from the air by the surface wetér wis reducéd, so.slowing down the
prdéésses of 'self-purificétiénbelow points -of discharge of sewage effluents.
Furthermore, it has bson: held: ‘by:some worksrs that. detergeny residuss have an
" adverse effect on ‘aquatic :plants: and: enimals. . This perhaps applles Whure the
residues are pnesent in; unusually high: concentration

After much technlcal dlscuSslon on p0531b1e mothods of. ‘dealing withs these
'- difficulties, it has now beun widely congl. uded ‘that the most - (if not indeed. the
only) practicable step is to develop substitutes for the original form of
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surface-active material, more susceptible to bacterial attack. ThlS has led to a
very great ‘amount of research by the manufacturers cdncerhed. Many hundreds of
experimental materials have been tested, and the goal of produc1ng substantially
or wholly degradable substances on a large scale may now be sald to be w1th1n
sight.* One clue to the direction to be taken was that it was found that if

the alkyl 51de chaln of carbon atoms was stralght instead of branched, resistance
to bacterlalﬂdecomp051tlon was greatly reduced. Thi’s br;ef_hlstory is presented
as a background to the more recent problem posed by the increasiné use of other

synthetic organic substances, notably pesticides.

Other synthetic organic .substances

The presence of persistent synthetic erganic substances ih sewage could only
constitufe a healfh hazard in cases where the effluents reach sources from which
water is later taken for domestic or municipal supplies. VIt is of course assumed
‘that the ﬁaterafromvsuch polluted sources would be adequately treated and .
disinfected before distribution. Where this has been done, the evidence available
is that the treated water has no adverse effect on human health., For example dn‘
the United Kingdom, where part of London's supply is taken from rivers which have
received. sewage effluehts, and part from deep wells, the returns of health '
statistics submitted by the Registrar General have not so far revealed significant
differences between health indices of the communities served by the two sources.
Presumably if the concentration of these organic biologically,resisfant substances
is increasing 1in waters used for public supply, it is to the ‘extent that the
concentration of sewage effluent in the waters is itself increasing. -

There has, however, been a more rapid increase (at least in industrialized
countries) in the quantities of persistent organic materials dlscharged into
water systems from industrial processes of all kinds; for example those ffom.

\the 0il and chemical industries. Some of phese substances have heen identified
and determined using refined.mbdern techniques. The presencé of at ledst some

of these contaminants in water used as.a source of "domestic supply is certainly

* A high proportion of the syhthetic detergents in use in"1966 are largely
degradable. Whether these substances are more or less toxic than the older
synthetic detergents is not yet known. One study suggests that they - or their

degradation products - are more toxic to fish than the older synthetic detergents.

)
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undesirable, In many cases, however, a technical remedy is available, i.e. the -
application of ekisting treatment methods or the development of new ones to
remove the compounds from the industrial effluents concerned before their dis-
chargs; ’ '
Tufriing to the synthetic organic pesticides, much of the research on- their.
’enviroﬁmental'side-sffecfs has been uhdertakén in the United States of America, -
vFlsewhere, in the Unltcd Klngdom for example the application of pesticides and
'ensuing wildlife mortalities are clearly at a much lowar level. Neverthcless,.
the United Kinzdom too can point to recent notlceablo,bird losses..‘Much wild-
life loss attributable to pesticides does not of course concern aduatic habitats. -
However, with specific respect to thc latter, the American data still furnish
 re1iab1e ev1dencc that various organisms have: suffered harm on a sianificant
.scals. It is malnly on this evidence that we must at present depend in pre-
‘; dicting what the consequences may be in other countriss whore 1ncreasing nmounts

of synthetic organlc pesticides are being used.

- In the first place, pesticide residues in concentrations of 0.1 to S parts
per- thousand mlllion ‘have becn found"in “the mqgor rivor systoms of the Unlted
».States of America. -Such concentrations® ‘are- small but their effects are far-
~-reaching. 'Thus ths direct. toxic1ty of :some: postlcides to f1sh is extremely
1h1gh,\as is shown by the cht thﬁt w1thin four dﬂys, half of a test sample of

.. trout had died.as-a result .of - ‘exposure to ‘endrin in-a concentr?tion of only
9 . .

* Secondly, it-is'well established that pesticides present in small amounts

in water can be concentrated many-fold by aquatic organisms, includihg algae,

- ;:2nd that the degree of concentrdtion may thereby increase from link to link

in: the food. chain, . Thus, althouvh flsh ‘may not themselves be killed at 1OWor
levels of snch microchemical pollution, thgir bodies may nevertheless contain
‘Asuff1c1ent pesticide residues for the ingestion of nunbers of them to hnrm or
cause the death of birds which feed on thum. In this connection, 1t 1s very
relevant that in the Uhited Klnndom (where despite regular observ0t10n and
~investigation no fish kills in surface waters have so far been attributable to
pesticides, excUpt on a very few occasions through abnormal causes such as’
accidental dischargés) 'the first indication that a serious state of affairs
-might be- developing was the findlng of "high concentrations of residues in fish~
" eating birds.! '
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In the United States of America there is much circumstantial evidence for the
claim that in some districts fisheries are being seriously threatened by pesticide
hazards. For example, in New York State reproduction of trout is known to have
been reduced significantly at the time when the egg-yolk (in which DDT had
accumulated) was being absorbed by the de%elOping fry. 1In other areas there has
been massivé\mortality of fish immediately afterbpesticides have been applied by

spraying from aircraft. Scmetimes mortalities have occurred after the. first rain

- following the spraying, and experiments in Georgia demonstrated the toxicity to

fish of run-off water from a sprayed area. Long;continued.assessments of the
results of aerial forest spraying for spruce budworm control in the draininage
basins of many leading salmon rivers in New Brunswick, Canada, have furnished much
specific informatiop on the consequenceg to aguatic organisms. In most operational
sprayings between 1954 and 1960, DDT was applied at 1/2 1b/acre. After such '
treatments, the aquatic insect fauna typically declined sharply, emergence being
nullified for up to-six weeks. It was found that the larger bottom-dwelling
species, which are'thé’breferred fbod of larger‘parr,l required long periods to
become re—establishéafdhéiiﬁatiﬁely - stone-flies needed at least two years,
mayflies three years;.and caddis-flies, four years. ©Not until after four to five
years with no furthérﬁépiéying.did the ‘species composition of aquatic insects
return to normal. - &&/Fégards-direct harm to fish, young salmon of all size groups
were found in greatly reduced numbers after "spraying, underyearlings being only

2 to 10 per centhas abundant as before. Small parr were 30 per cent. and lafge
parr 50 per cent. as abundant as in unsprayed sitﬁations, and the‘gréwth rates of
the survivors were affected adversely because of the disturbance of their féod

supply already mentioned. Since 1960 DDT has been applied to a considerable

- extent, at l/h lb/acre. Single applications at this dosagé‘have resulted in
- apprec1ably lower fish mortalities, and recent trlals with the systemiec 1nsect1c1de,

Phosphamldon, at 1/2 lb/acre, have indicated that it is a promising substitute for

DDT, causing insignificant harm to fish populations and giving no demonstrable

effects on aquatic insects in three weeks follcowing spraying.

! Most New Brunswick young salmon spend three years in rivers migrating to sea;

they can be placed in three size groups roughly comparable to each year of life,

. namely underyearlings, small parr and 1arge parr.

s
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~ Again, the employment of extremely sensitive methods of chemical analysis
fo iﬁvestigépe recant-massive fish mortalities iﬁ the lower Mississippi river,
ﬁesldemonstreted_that the concentration of endrin in the blood of these fish
- was sﬁfficiently high to have caused their death. DMore surprisingly, it is
" now being reported that marine fish (even in comparativeiy open ocean waters)
a?e,provihg to exhibit measurable concentratiyns of pesticide residues. In-
fact, soﬁe of the most‘striking evidence on the aecuhulation of rcsidues of
pesticides has coms from the examination of estﬁarine and marine fish. and the
sea birds feeding upon them. An early and very well known example “of the
extent to which such r951dues can accumulate in fish-eating birds, concerns :
Clear Lake, Califorria, United Statcs of Amerlca. In 1954 and_agalnrin 1957
this lake was tieated with DDT at a concentration of 2 pp 10° for the contral
of the non-biting gnat, Chaoborus astictopus; after the seeond application,

breakdown products of the compound were detected at a level of 1600 pp 10 in
the fatty tissucs of western grebes found dead there. Very recently, figures
have been obtained for the concentrations of DDE and dieldrin in the eggs of
. Britigh fish—eating birds feeding from waters to which synthetic organic com-
_pounds'had_never been. directly applied for pest control., As examples of‘the'
lovels demonstrated, from 8 to 28 pp 106 of‘DDE and dicldrin iogether were
. found in the eggs ofvheroﬁs (Ardea cincrea).and from 1.6 to 3.2 in those of
terns (Sterna spp;). ' .

Long-term dangers of water pollution

- :

‘The establishment of drinking-water standards differs in one notable way
‘from-air standards for occupational exposure; the number of substances in
water whose limits are reghiated_is kept to a minimum because the promulgetion
of *a ‘standard is.tantamount to the requirement of periodic analytical checks -
to assure complirnce with the standard, which is impracticable when hundreds .
‘of substances are included. Two regulatory devices er4 however, used in
water pollption'which-make it unnecessary to test for a lﬂrgo number of indi--
~ vidual substances: : ' !
1. Use of limitlng concentrations of indicator substances, 2.8, 11ky1
benzene sulfonate, 28 an index of synthetic dotergent pollutants, water

- Te-use and general level of conteminntion. o -
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2. Use of group analysis, e'g.'totel dissolved solids (TDS), and tne.
substances which can be extracted by chlorofo:m from carbon filters
(CCE) as indlcgs respectively of 1norganlc and organic chemical
pollution. Thus a single analysis may prov1de an index of either total

_dissolved'mineral or total organic polluiiod present.

o

In:w#rm climates a much greater daily-&}inking;water_intake éanhbe expected
than in’témperate-countries, and up to fivefold greater amounts of watanborne
pollutants may be iqgested; The populations of the former, therefore, might
ingest as muCht§§jfive times more of.waﬁer—borne-pollutants than thé'latter,v
with equal concentrations of pollutants in drinking-water. ‘Much of thé work
on exisiing standards is based on intake in tomperate climatesa_and criteria
for their applléﬂtion to warmer areaé should be developed and applied.
Important mechanisms that produce svnerglsm via the respiratory tract are not
operatlve in the gastro—intestlnal tract; an example is the adsorption of
‘gases and vapours on particulates. The apparently potentlatlng effect of,micfb—
organisms and pollutant ccmbinations in thgvlung'does ﬁot(appear'to Bé of
importance in the gastro-intestinal tract. As in the'lung,phqwever,.thg

poten%iﬁied actién of carcinogens by promoters and accelerators stlll'obtéins.

There is uﬁdoﬁbtedly concern by some laymen as well as by sciéntists that .
man is 1ngest1ng pollutants of food and water which may have now or in the
futurevadverse effects on human health, They p01nt out that Andustry is’
préducipg many new substances which find their way, either intentiomlly or
_uninténtionally, into food and water. .Théy fear. that these'subétances have
been introduced without sufficient evaluation of their possible health hazards.

Food may be,'quantitatively, a more important source of ingested pollutants
than water. The. following discussion will be focused on pollutants of water,
but in any consideration of health effects of ingested pollutants the contri-

‘bution of food cannot be excluded.

Water, as it occurs in nature, is always a'dilute aqueous solution of
organic and inorganic substances., Potable water is gencrally considered to be
a colourless, clear solution without unplecasant odour and taste which conta2ins

no more than 1500 mg/l of total solids snd no more than speéifiad amounts of
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TABLE III

SEL“‘C"‘FJJ WATER POLLUTANTS WITH POTENTIAL LONG-TERM EFFECTS
' (incomplete 1ist) ’

!

Elements or substances

Indicator subsfggces'~

Arsenic, As, particul~rly AsO3

Bafium, Ba

Cadmium, Cd

lphlorine; €1, (with reaction- products

from organic pollutants may havo
- toxic potential)

~ Chromium, CrO 3

Fluoride, F

Lsad, Pb
i~ Mercury, Hg

Nitrate, N,
Selentu, S¢0,, Se0,

Vanadium, v

iAlkyl bnnzéﬁe sﬁlfonﬁﬁﬂs, ABS (index

. of pollutlon by all synthetlc
detergents)

.Carbon chloroform oxtrqct, CGE

(includes most organic compounds ‘
including organic c°rc1nogoqg and .
pestlcldes)

Phenol (1ncludes pbonols, crosols and_'
homologues)

Total dissolved solids, TDb (1nc1udes .
: minerqls contributlnv to "hardness")

Gross beta radiation (2s an index of

. mixed radioigotopes in th= abscnce
of Strontium”Y and alpha-emitters)
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certain contaminants (WHO International Standards for Drinking-Water - 1963).

- In addition to standards of chemical purity, potable water must also conform to i

- certain standards of microbiological purity.

Not every possible pollutant of water, however, is identified in the
International Standards and there are many pollutants for which safe limits
have not_been specified. Hence water conforming to the International Standards

‘may, in fact, be unsafe ahd may produce adverse long-term effects oﬁ heelth.
There is no scientific evidence, however, that such adverse effects on health
have been produced as yet. There remains only the fear that they might occur

in the future.

The number of inorganic water pollutants is smaller than the number of
organic pollutants. The most important inorganic poilutants have been identified
in the International Standards for Drinking-Water and safe limits for them have

been recommended.

Metals in water

Mineral pollutants other than those listed in the International Standards
for Drinking-Water may occur from time to time in specific places; In connec-
tion with industrial ekposures, there are about 50 metals which are of special
_ interest. Metals of the type represented by lead and mercury continue to be the
most important; but many other metals such as arsenip,‘beryliium, cadmium,

' manganese, chromium, nickel and vanadium have become of increasing toxico-
' logical importance. Table IIi gives a list of some selected watervpoilutants

with potential long-term effects.

The general populatlon is less concerned about industrial exposure than
about the exposure which takes place via food water and polluted urban air.
This exposure is not generally large enough to cause clearly demonstrable toxic
conditions. It does, however, result in deposits of a number of sutrstances in
the body. It is*possibleito demonstrate the presence~not only of‘substancee
vital to the bedy such as copper, cobalt, molybdenum, mahganese'and zine, but
also of potentially toxic substances such as cadmium, chromium, vanadium,
nickel and lead. There is also organ specificity for certain sdbetances

while other substances are more evenly distributed in the body. Certein
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. substances have.a. ma,rked variation in. mlfitlon to age. The amount of chromium
decreases with 1ncrea.sm°‘ aﬂe, while . that of. alummium in- the lungs. and cadmlum

'_; m the liver and kldneys increases with age.

© Specific wa.ter pollition by mercury ha.s occurred in the coastal waters of
- Japan as a result of industrial waste’ dlsposal». ‘This polluti\on- indlrectly '
caused human disease and deaths: which were the result of eating fish taken from
the waters.. The fish had absorbed sufficient mercury from the water to becomo
. toxie foodstuffs. . Whether the water itself would have been toxic is not
known since it was not used for drinking. - This emphasizes that pollutaﬂts of

~water may reach man as. food originatipg in the polluted water.. -

- In: Amcent’years--th'e possibility has boen sugzestcd that:certdin metals in
:coneentrations n'ormally' present. in. the body might cohf;riouta' to the develop~ -
ment of chronic diseases. The hypothesis is tﬁati certain essential métals
_ jform comploxes, for omple N iron and. cobelt in the porphyrin chelates, heme
and yitemin 1312 It is feasible that other metals might compete for a.ligand
uith an esvsen‘ti;a.iL.v_me_tal on a metallo-enzyma. ' The administration pf_ onc metal-
' ,,mi'gh't. thus' creé.te' an. effective deficiency of another. 'Cédmimn and mercury,

' stored i‘or oxamplc, 1n kidneys and testes, might thus dlsplace zinc owing
bo pt}eir,_o_he}ap;on, with ligands which »no_rmally_. chelate with. zinc.. This is

. only. an example, but. other mechanisms may,. of. course, be considered. The

. possible toxicity of trace metals has been raised 1n conneetion. with the endemic

:_tnephropathy in, Bulgaria, Yunoslﬁvia 'md Romania.

Epidemlological studies carried- out in' Jap"n, the United States, England
and Sweden have shown higher mortality rates from- cerebrovascular and cardio-
' ___vascular dise ses in. people. living in arr2s with soft-water ‘than. in are:as wi‘tl_'t‘
' hard weter. The '*mount of calclum 1n the dnnkmg—w"ter is only a few per
cent. of what is 1ngested in food. Calcium in water may, porhaps, be_correlated
_ with other substmces, \,.g. traco elemonts or organic compononts. Epi&emio—
-"logic studies neod to be broadened and the sevaral substﬂnccs (for example
' iﬁxm.gnesimn) which might provide further msight into this problem need to be
itegted in the- labor?tory. ' '

14



"Pesticides in water

Another clﬂss of water pollutznts of great 1nterest is the pest1c1des.
These are a group of pollutants which are 2 new hazard, not only to the people
who are occupatlonally exposed, but also possibly to the general population.
Pesticides can occur in waﬁer, soil, food (including milk, fruits, and fish
11v1ng in polluted waters), and in air, gspecially in rural areas and ‘where

they :re widely used for qgr1cultur01 purposes‘

The pesticides in greatest use today arc orgﬁnlc compounds of some
camplexity, although pesticides based on arsenic,” lead and mercury are still
used. Pesticides reach watcr suppiics direcfly as the result of the inten-
tional appiicatioh for the control of pests in the water; or uninténtionally

"~ from run-off f*om agricuitural areas, from careless aircraft spray applica-
tion to adJacnnb ficlds, from 1ndustr1?1 waste dlsposal and by ground-water

, and subt srranzan water transfer.

Much 19 Lnown about the toxic effects of the organic pesthldes when

. 1noest°d. 1he acute and subacute toxic efficts are known for a number of.

| animals-and, in many instances, for man, If the pesticide is to be used on

- raw aaricultur31 products, the'chrqnic togig effects will have been evalu-

. ated in 1"ate, and pérhaps in dogs based on thé addition of the pesticide to

'the diet for geriods of up to two years, or on the demonstration that the

,‘pestlclde is metabollsed to‘one or more othor products whose chronic toxicity
is known. Thls 1nformat10n, whlch would usually include a level of dietary
intake wa’ch produces no detectable adverse health effccts over the feedlng
pericd, is usually a pfellmwnary to the establishment of 2 maximum permissible

r051due on raw agricultural products.

Wh;le_thare is some experience with acute toxic effects of pesticides
on man, relatively few examples of chronic toxic effects on man have been

rucorded.

‘The toxicity of the more important pesticides is reviswed in the FAO/
WHO publication Evaluatlon of the toxicity of pesticlde residues in food,

The ill-effccts of ingestini in water wory small amounts of pesticides,
\\\\if they occur, have yet to be demonstrated. In the 2bsence of direct human
~ .

expérionce, reliance must be placed on experiments on laboratory animals,
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" The nature of ‘thése experiments. will vaTy according to the practice of

~..different natipns;;butVthé3bésib principlss of such work are “set forth in

. WHO Technical Report Series Wo. 1lli (Procedures for the testing of

. such inyestigations includéithé faeding of the pesticide‘to,rats, and. in

intentional food additives|to establish their safety for use). In general,

’

,‘some'cpuntfies to dogs alsg; as a part of their diet for two yezrs, . Several

‘dintﬂrv lovsls of tho pesticidc are fed and the lowest dose level should be .
so sel cted that the ?nlmals recc1v1ng it throughout the two-year period ..
will bc expected to show no dlscernlble 1ll-affects. Two years cover_the

most of the life-span of t%e rat,

. The results of the ma%y experiments on animals which have ‘beetr carried

~out lead to tho following conclusions: . Py

le.. :The chronic toxic effects of the pestlclde diminish w1th decrea31ng

S dQSGc - !

2+ :-Alow, but stlll flnlte, dose levcel can b found which in the lifetime’
of tha_rat, and for two yea%s of tha life of - the dog, produces no detectable
toxic-effects. as measurad by arowth, behav1our, life-span, reproduction, bio-

chemical and: hﬂemat01001C°1]values, and by gross and mlcroscopic pathologlcalu

" examination.

»

Such 10w lnvels are. callod "no-eflect" levels and in the Unlted States a

Jr951due tolerance for a post1c1de on spec1f1ed tw aarlcultural products mist

e derived’ from a demonstrnted no—effect level by the appllcatlon of a fnctor

“of safety, usu"lly of the order of 100 ‘designed to twke aécount of the fact

that man may be more son31t1vu to the pesticide than the’ laboratory animals

used L fw;'..__u A

It may be dbgocted that conc1u31ons based on anlmal experlments are not
relevant to man.: Drug effocts in an, howsver, do follow ths generql rules '
deduced from animal expcr1ments in that effects’ diminish with decr9331ng ‘

dose and’ dlsappkar °t some small but dgefinite dose. Also the method used by"

_ thé United States Food and Drug Administration ‘to establlsh safe residus

levels of pest1c1des in food has becn bzsed on animal experlments and thore
is’ no SOund eV1dence as yet Fh"t the method has led to any serlous faulty

conclu81ons. :
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~ Knowledge of . the chronic effects of pesticides in man would be much greater
Cif there were same way of studylnv them d1rectly 1n man,’ Direct experiments of
the type requlred to obtaln the most relevant informatlon, however,'are excluded .
‘on. many grounds. -

'._,The,risk of exposure to“pesticides is widespread. ' For example, in thoée
engaged in the manufacture of pesticides as nell as those who formulate andiuse'
them regularly. Persons who llve or work in or near areas where pesticideé ere
regularly used ma& be inadvertently exposed. Thue, symptoms of sensitization,
gastro-intestinal, respiratory, nervous anid ophthalmic manifestations have Been '

observed in people living 3in contamineted areas.,

III Soil Pollution

- Magnltude and health 31gniflcance

Solid wastes are generated from domestlc, 1ndustr1al and avrlcultural sources.

For damestic waste, the per capita quantity of trash and g;rbage varles conelder-
ably from country to. country deoending on the level of ¢conomic development end
sophistication. In metropolitan Los Anjeles, for exomple, the total amount of
solid domestic wastes in 1962 equalled 1bout'1h00 g. per capita per day as
collected or about 760 g. per capita per day on a dry weight basis. In
conurast the total lncrenent of solids between thL water supply and the waste
"water collcctlon;system amounted to less than 200 g. per capita per day (dny

we1gnt) Hence, thls metropolltan area rids itself of over three timos as mnch
.hdry welght by the solld routc as by the 11qu1d one, The onnual operating cost
) fo; solid waste collcctlon and disposal is about three times that for the hand-
ling of.llquid wastes.

Solid ﬁastes of domastic origin may be incinereted, ¢omposted, dumped on
tho land, burled or bargod to sea. Each form of handling produces problems of
publlc he11th. Burnlnv °nd compostlno account for th‘iorgenic wastos.only and
the ash or inorganlc portlon mst still be disposed of 'Incineration, even in
the most eff101ont 1nc1ntrators, causes air pollutlon; especially by nltrogen
oxides. Compostlnv And open dumplng m”y 1ncroase the population of flles, rats
and other vectors of dlSG“SG. Buried orgﬂnlc wastes are subject to anaerobic |
decomp051t10n and the production of methane and carbon d10x1de may result in
pollutlon of ground waters. Barging wastes to sea dumps mey cause subsoquent

‘flotsam and beach pollution,
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Industrial solid waStes have major ecconomic implications but they are generally
_not 2 2 diréct haznrd ‘0 h alth. Excoptlons can, of course, be citsd. Nﬂgor prob-
addfng Horair pollution, or =re allowed to be 1eqched by rainfall. with consequent
pollution of surface or ground waters. The strlp mining of coal, the formatlon
of mountains of slag, and the tailings from minos 111 represent examplcs of solid
industrial waste= defacing the land =2nd renderinv it unfit for many subsequent
'uses. _Important‘probloms;develop from the need to disposc of_radioactxve wastes
from reactors and nuclear research facilities by burial of solid wastes on land or
at sea, g / ' ‘
Solid 2gricultural wastes should not: contribute to enyironmental.pollution,
7for plant material is normally retu:ned'to the soil .. The concentration.of these
wastes at- trensfer. stations, camning or peckaging plants, -and produce yards, how
ever, has crgated a problem. Here; huge accumulations of organic debris may:..
decompose, leach from rainfall, attract disease vectors etc.,. with resultant -

pollution of the environment,

QChemical contamination of the soil .

~Chemical pollution of - the. soil results from the unintended or 1nc1denta1 -con~
tamination of the:soil w1th man—madc chemicals.“ The. pollutants can reach man .
through the . ground-Water, the: run-off or drainage water, and the plants used as-
food or forago for domestic animals - ﬂnd to a smaller degree 1n w1ld 11fe -
serving as food Therofore, the pollutﬂnts must br water-soluble and enter ths
soil m01sture or the watcr percolwting through the soil, Plants may draw their _
moisture from either source. Seeds dressed w1th pesticxdes may however be picked
up by birds and harm them, and 1nsolublo re51dues ‘on veoetation may be ingested _'

by cattle.J

Genuine 5011 contains many 1norgan1c and organlc substances soluble in.
water. They are the products of the weethering and decay of minerals and the
degradation of organic matter.' By microb:.al action these subst'mces are normally '
oxidized 1n the main to 1norgan1c oxides, but some organic compounds reaching
oxygen-free vround«water may not be fully ox1d1zed. Humus substances are found
even in the best waters, together with small amounts of so—called trace elements.

" In nature, the soil gets some of its components‘from the air - e.g. the iodide
from_small droplet-nuclei generated by the seas. - and from wastes from the

‘burning of fossil fuels.
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Fertlllzers are 1ntended to fortlfy the soil for the ralslng of crops, “but
1nc1dentally may contamlnate the 5011 w1th their 1mpur1t1es. Irr1gat10n of farms

lands and orchards may do this if the source of water is polluted by 1ndustr1al

'wastes that contaln synthetlc organlc chemlcals. _ i

During the last few decades, herbicides, 1nsectic1des, funglcldes, soil
condltloners and fumigants have produced 1ntent10na1 alteratlons of agrmcultural
horticultural andﬂs:.lncultural soils, The chemlcals used may accidentally
. pollute the g0il water. . ' ' R

~The soil must be regarded as a living community of fungi, bacteria, protozoa
and metazoa. Fumlgants and soil conditioners are unstable and metabollzed by
the microorganlsms-of the soil. For example, even the chlorinated phenol ‘deriva-
tives sdch as polychlorophenoxyacyl acids used as herbicides are metabolized by
special strains of bacteria that adapt themsclves to use them as nutrients.
This holds true also for DNOC (dinitrdorthqcreeyl)_and allied compounds. It must
be added'that the bacterial and fungal flora of the soil ieVMuch richer in mums -
bers than the flora of watercourses even when these are contaminated by organic
matter. So it is quite possible that chemical compounds. that’ can’ remain unéhanged
.for a long time in water, may yet be rapidly degraded by microbial activity in
the soil. It is known, for example, that by "feed1nc“ a so11 with chemicals such
as. phenols, bacteria that thrive on naturally occurring phenols will multlply..

Experience with new ant1bacter1a1 druvs ‘shows how effective some bacteria
are in developlno re31stance to new substances. The metabolic enzymes undergo
the necessary alteration so as to_detox1fy the compounds; we spezk. then of
adaptlve enzyme formatlon. By such mechanisms chemicals disappear from the soil,
and farmlands must be sprayed every year w1th herbicides 1f weeds are to'be kept
in check." '

Ideally only such chemicals should be employed that have-been eroved to be

. readily attacked and degraded by the common soil micro-organisms. Compeunds:of
lead and mercury - the mercurials being mostlv organic compounds - and salts of
arsenious aclds, are much more likely to 2ccumulate as persistent soil contami-'

nants and to 1ntroduce lead mercury and arsenic into plent products.

.
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The present trend in the manufacture.ofAbesticidesﬁfor use in agriculture
is to synthesize short-lived degradable connounds because this minimizes the
persistence of. residues of pestlcldes and thelr devradatlon products on food
and forage ecrops. - - ‘

-The only~organic'pesticides now in use which resist~bacterial7degradation -
and have no- inert end-products are the, chlorinated hydrocarbons, °.g. DDT -
lindane, ;aldrin and dieldrin. Remnants of thcse stable pesticides appear to be
bound t0 or - adsorbed on- 5011 particles which arc made up, of 1norganic mlnerals N
coated witk organic :compounds. . These chemicals may contamlnate root ‘cTops grown
in soils:of this-kind,. for example llndane can taint. cerrots or beets.v The
behavicur:of. chemicals that.do not affect the quality or reduce the yield of ‘
crops can esgapdinotice, but true. absorption and 1ncorporqtion of these pollu;f

tants by plants is unlikely to occur in normal practlce.‘”

I

On the other hand water seeping. from soil contamlnated by chlorlnated
hydrocarbons_has:been;shown: to: contain: small amounts of these substances., They
are probably taken up by.the lipid-containing humus of the soil and become part
of the soil water.  Possible,-but yet not proved, is the absorptlon by man’of .

_resence of

such substances from.drinklng-watcr gathered from such 50115. fTh &
the substances hag. been shown by. thelr extractlon from the water'by strong
organic solvents. Amounts ‘rgcovered are. of the order of a few micrograms per

litre. It is onlikely. that they. represent a toxic hazard to man in these amounts{‘v

Observation of ‘contamination of farmland in the noighbourhood of chemical -
factories‘has‘lndicated'that there is a potential danger of fallwout from,the_
plume emitted by the stioke  stacks of”chemlcwl works. ‘However, this pertains -
only to 1norganic dontamlnants. Synthetic organic chemicals are destrayed in
properly operated “stackss

Whereas gaseous wastes enter the atmosphere and liquid ﬁastesiareigénérally '
discharged 6 surface ‘waters, ‘solid wastes arc usually ‘placed on or-in the séil. .
Some ‘solid’ wastes are dumped into surface waters with resultant water -poliution .
and some aré’ burned with conversion of much of the 'solids ‘to: gaseous wastes; on
. the other hand,’ some liquid wastes are spread on the soil ‘and some are: 1njected
into sub-surface strata, The land environment, therefore, w1ll receive most

solid wastes and some liquid pollutants. B
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Research Projsects

s General o

Research into environmental pollution should embrace both.pure and applied
‘research, Research is especially needed on the application of welluknown prin~
ciples to specific situations, particularly 1n the developing countries..

‘ Pollution seems to be an inevitable consequence of modern industrial tech-
nology, rapid and convenient trens;port, and comfortable housing, but oxcessive :
pollntion may interfere with man's health and his mentel, social a2nd economic
well-being. The problem, then, is to detemine the acceptable level of pollutlon,
that'is the 1eve1 which permits optlmal economic and social development without
hazards to health in its broadest sense. This can be achieved by ‘the- systematic
application of existlng knowledge, supplemented by results from well-chosen

research projects.

In reference to the newer organlc synthetic ctemicals, there is an urgent
needbfor close study of man himself in relation to his ingestion of relatively.
small amounts of possibly dangerous4substances over a prolonged period of time.
Information based ‘upon bio~-assay through various aquatic organlsms, as preséntly
conducted, is not directly applicablée to man. Fish, for example, can absorb-
and release toxicants«w1thqgt_necessar11y metabolizing them. . Accidents, so
useful in identifying levels of acute:toxicity in‘industry, would not necessarily
tell much about chronic poisoning. Current methods of testing for chromic
toxicity on experimentel animals are normally conducted on groups of animals which
are relativelj smell when compared with the size'of human populations likely to
be exposed. Therefore,-effects with-a low incldenoe would go undetected.
Moreover, studies on animals are not expected fully to reflect the effects of
toxic Substances on'man., Synergism and additive effects of toxicantsuare possible

and should be studied. -

In the circumstances,. it may be possible to adduce 1nformation from o
experience in industrial- hygiene, especially when the toxicological data’ on whlch
industrial standards have been based include animal feeding experiments, as well

as observations of the reaction of substantial populations at risk..
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Epidem{oloéical studies onngroups of people with occupational eXposures, -
or peoplejliving in arcas of high exposure; - should ‘be undertaken to determine -

both subgectlve and: objective s1gns of chronic- toxic effects.. Such studies
should:include measurement of. pesticide and metabolxte levels in avallable :
tlssues -‘hospltal speeimens. and. autopsy mater‘iala Thetse levels should be
correlated. wnth changes in enzyme ectivity, with chenges in Ophthalmic, audi~ -
tory,: heural;- muscular and resplratory functions, and p,rtlcularly w1th tissue
levels asgseeisted with effocts ~ or the absence of effects - in 1aboratory

animals, - -

. Although accumulation of pesticides in the tissues‘of man ﬂppears,'from4

: present lmowledgc 1o stop when £a1r1y low. levels of storage are reeched, pros—
pective epldemlologlcal 1nvest1gations could be undertaken on the dlseases
caused by abnormal metabolism..of .carbohydrates or of 11p1ds, on haemorrhagic
coagulativo.diathesis,_and,onﬁdiso;ders:of protein:or“m;neral:metabollsm, in
groups .of people with high-level-exposure to pesticides. Appropriete control>"

groups would be essentials

b
Research into Mutagenlclty and Carcinogenicity in relatlon to

Air, ‘Water and:Food Pollution

Mutegenlcity
MutegenlcitY~cen have long-term'effectsﬂof health significance in at least
three ways: ‘ : ' o B
Mutation of somatic cells may result in the emergence of new (non-mallgnent)ﬁ_
cell types dlffer1ng from the normal, If such cells are functlonally lessmu

-effective. or 1nterfere w1th the 1ntegr1ty of the orgqn, such mutatlons »

* répresént . one form of pathogene51s.

) fMutatlon of’ somatlc cells is viewed by many. as the mechanism whereby :
'ﬁénormal cells become mallgnant. o - *;,_; e ~~Tt
-When non-lethal mutatlons are produced in the reproductlve cells of the !

.parent organism, genetic effects may occur ‘in sudceedinv ‘genierations.

:lThe outcome ls partlcularly 1mportant where large populatlons arve ‘affected.
by. w1dely dlstrlbuted env1ronmcntal pollutants.ﬁ uach “chemiteal ‘mutagen
could’ contribute 1ts quota of mutatlons to. those ﬂr151ng ‘from other soirces.
Accordingly the genotic consequences of’ all mutatlonal factors must be

evaluated jointly.
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Many chemical agents are, capable of produc1ng mutagenic effects in one or
another biological system. This, howevor,_does not imply that such substances

under conditions of actual exposure produce significantly frequent mutations}.

Particulariy active as'mutagens‘are some of the alkylatingAagonts; some~of
the so—called "anti-metabolites"; and other chemicals structurally related to
the bases of nucleic'acid. Perhaps mamny compounds capable of mooifying nuclelc
acid but stlll permittlng replication mey lead to mutation. A list of mutagenic.
chemicals 1nclud1ng those which may occur in the human environment.is included |

in an carlier WHO report (Wld Hlth Org. Techn. Rep. Ser., 2u8). The problem is

~

" more fully discussed there, ;

, Tests of chemical avonts for mutagenicity ean Yeadily be c’rried out on
31mple systems such as phage and bacteria. However, since entry, transport

.and metabolism are probably important factors 1n determining effective’ dosage of
the mutagen, such minimal tests musﬁ B reinforced by study of these biochemical
‘factors in higher organisms before’ an estimaté’ of the likelihood of hazard can
be ventured.. Furthermore, some materials not in themsslves mutagenic may be-
converted into mutagens by mctabolism. .For these reasons, the assessment of

.ijSSibly mutagenic pollutants should be extonded to mammals.4

’

Populatlon*studiesuw1ll-n0’doubt be needed. 'They will, “however, be extremely
-difficult,-because.of the problem of quantitating the. effects in succeedlng i
-generations, and particularly because of the extreme’ difficulty in defining the
actuel~exposure,of the parents to the multiplicity of mutagenic factors. '

Carcinogenicity

The eiﬁensive and well~-documsnted history of occupational exposure ranging
from the work of the chimney-sweep to the manufacture of chromium chemicels has
bestablished'tne reality and seriousncss of the consequences of exposure to chemi-
cal carcinogens. Nearly every organ of the body is capzble of yielding a tumour -
in response to an appropriate chemlcal agent, - Although the respondlng tissue is
sometimes that directly. exposedJ ,.g. the lung-with chrcmium chemicals or the
skin with: coal tar, on other occasions the tumour develops 1n a remote organ.

An example of the latter is the occurrence of bladder cancer follow1ng exposure
to certain aromatic amines, for whlch thc chief portals of entry are the skin .

and the lungs. The effects of various routes of entry of chemiosl carcinogens
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are often’adﬁitite,'conseﬁuently‘the~entirelexposureipattern - water, air, food -~
needs consi&eratiOn.’ Anvadditional complication is that-carcinogenesis from
.bchemical agents is usually a’ consequence "of : the interaction of a number of fac-
tors. This is particularly well illustrated’ in ‘the classical” examplc of the
two—stage ‘mechanism of skin~cancer induction. In this, a.dose of polynuclear -
hydrocarbon, in’ itself incapable of. pr roducing cancer, leads- to a high freousncy

of .skin canc\r if followed by the application of the promoting agent croton oil,
itself‘also without carcinogenic effsct. .Other~modifying factors include.prioi-
'diseass ‘(scar cancer of the lung), or infection (influenza vifus and ozonized.
,gasoline).A In_some instances simultaneous exposure to other toxic agents can _
impair the .capacity for eliminating a carcinogenic'agent._ An example is injury
to the olearance mtchanism of the respiratory tract by tobacco smoke. In short,
thevassessment of effective carc1nogen C exposures requires consideration not only

of myltiple sources, ‘but also of the role of promoting factors.

The most“deciSive ‘inférmation on thc'hazards of .chemically induced cancer .. »

-in man has come from epidemiological studies on occupational groups.. Studies'; “::
on groups exposed to. general community pollutants have not led to such ccnclusive
results, - Thus the role ‘in the production of lung cancer of polynuclear hydro—
‘carbons such as benzo(a)pyrene as.an air contaminant is still uncertain..n
Although there is somn eVidence of a modest contribution to lung cancer from such
sources, the- issue cannot be resolved at present. A number of other air pollu—- '
tants have attracted attention in this regird _among them non-aromatic organic |
compounds.' The role of benzo(a)pyrene as an enVironmental pollutant has attracted
much-attention; it has been found not only as an air pollutant but in smoked o
foods and in soils, and is known to reach water supplies from several sources. o
Althcugh its quantitative occurrence in such sources is of interest, such finnings
'cannot be interpreted in the absence of information as to the relevance ofthe -

Observed concentrations for man. The solution of such problems Will require both

epidemiological end laboratoryfstudies.‘p
- Epidemiological: studies have prOVided information on s1gnificant differences -_

in the occurrence rates of tumours of various organs in different population ::

groups. - Such leads can guide the search for etiolooical factors if this initial

information is reinforced by the development of adequate histories of exposure."'
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. Laboratory procedures provide , a’useful adjunct to epidemiological‘studies
.in identifying.causative: factors. -Such procedures, however, are partlcularly '
important as-a means - for predlctlng the llkellhood of cancer from new materials
_prlor to their use. Th°re was a dramatic success in such predlctlve testing in
the discovery that the compound acetylaminofluorene, which had been proposed as
- an insecticide, was a.potent carcinogen, Despite such successes, however, the
~_proceduresvnow:available areffarkfrom satisfactory either in ieliability or -
conveniencc. Most of the aecepted procedures for predictive tesoing involve the
'examlnatlon -of moderately large groups of several species of animals over thelr

11fe-span or a large frastion thereof

Several factors limit the usefulness of such predictivedtests. FirSt,
speCies"differences have.been shown t6 be decisive in many instances in deter~'A
mihing tumour response. Species differencos in metabolism of the carcinogen lead
ftoidifferenCes in respoﬁse; énd<mere’use of more soecios may not be sufficient.
 'Tests on laboratory animals thus invariably need reinforcement by parallel

metabollc studles .on man,

Second the largest groups which can be used in most practlcal laboratory

'studies will be much smaller than the population groups exposed. Consequently, .
extrapolationffrom high t0" low incidence levels must be undertaken, On the one
hand, the éstablishment of safc lavels is difficult in the absencc of general_.
| p;inciples for such extrapolation. On the other hand, the approach based on
the assumption of no threshold is possibly too'conservative. Therefore, to
assist the establishment of safe levels, a few large-scale experiments (involving
| large-prohpsvof animals)'muet ba carried out to help in defining general prinei-

ples ‘for: such extrapolation.

’ Third in many 1nstancos secondary factors as noted above (dlsease, injury
.and ‘'so forth) may be decisive in determining hezard Althouah it will obviously
.be impossible to exzmine routinely the large number of such p0531ble variables, o
these considerations must be kept in mind in plannlng experimental work. Two '

suggestionsremerge. The testing of realistic mixtures of substances in'addition
ﬁo the.pure substances must: be encouraged;..Also,-wherevef possible, possible
leads to relevant joint promoting factors should be taken into account in the

planning of such studies.
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_ A considerable number of short-term tests have been proposed for examining
'suspect materials for their carcinogenicity... These include sebaceous gland
suppression, nucleolar- enlargement, various responses in simple systems, for
Vexample tissue culture, slime moulds and paramaecia, and biochemical: tests. such
as 1nteraction with nucleic acid. Such tests have served useful roles in the »
examination of the comparetive activity of compounds of a similar chemical type..

All have, howcver, failed when extended to 2 wide verietJ of cheriical’ structures.

In addition, these tests neglect the mechanisms of biochemical hendling which
may critically determine effective dose. These include efficiency of entry,
storage andimetebolism, ‘Matabolic studies on man are a.minimalvreouirement_to
reinforce thewinterbxetation of the results'of_such accelerated tests. -

t A_Air Eollution

Methodsffor research in air pollution

(a) Experimental studies. The development of quick 31mp1e methods for obtaining

valid 1ndices of pollution for use in epidemiologicel or other surveys is given

- priority ty many.workers. Of these- methods, some lack spocificity and their use
can lead to erroneous conclusions. Methods for assessing particulqte pollution

by reference to the optical density-of the stain produced on filter-papsr require
frequentirecalihration in gravimetric terms. Instruments to record the concentra--
tion of pdllutants{et frequent intervals arc desirable in order that the effects
“of sharp peasks in pollution can be evaluated. Because same plants and lower

- animals ar: more scnsitive than_man'to'low-concentrations of cortain air pollu-
tants, they may bc used as "biological indicators", that is:es.cheap.andnaccurate

~ complements or alternatives to complex moasuring instruments. The danger .of an
'uncritical application of the results from biological indicntors to man's well-

'.being must be recognized.

The investigation of cxposure of human volunteers to realistic concentra~ -
tions. of - urban pollutants scparately and. in mixtures is obv1ously preferable to
experim :nts in which animals are subject to ma381vc eXposures. Although the

'1nvust1gation of th( eff cts of realistic exposuros on vﬁrious aspects of lung
‘function is of. obvious velue, experiments on other possible effccts should bo -'
encouraged, for oxamplo it may be useful to 1nvest1gate the: effacts on bactarial

flora of tho many particulatt and gaseous. contaminants found in urben air.‘ A'
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(b) Fiela studies. Adequate field studies can yield the most convincing indica-

tion of the association between mortality or morbidity and air pollution..

v,
Satisfactory studies, however, are dependent .on accurate 1nd1ces of health and
of domestic and industrial pollution. They can.therefore be carried out only in

communities‘with facilities to compile such indices.

(i) Pollution indices. Whereas measurements of many different pollutants may be

required for specific research projects, certain parameters should be chosen
‘either by national or, preferably, international agreement for routine use.
Furthermore, standardized techniques of measurement should be adopted.-‘With
standardized parameters and- procedures, it should be possible to establish
recommended samplingrproceduresAfor different types of areas, such as ccmmercial
centres of towns, areas of light or heavy industry,.residential areas of different
housing densities, and areas in which there is rigid enforcement of smoke-control
regulations. In establishing these procedures regard must also be paid to the
;”topography and natural ventilation of the areas. The results will, it is

' ant1c1pated, facilitate comparisons between different'types of areas.

(ii) Indices of mortality and morbidity. Suitable indices of mortality and

morbidity nust be'carefully chosen. Certain segments of the community such as
working men, soldiers, policemen, and in many countries children,. are very
healthy, and.in consequence may be particularly'resistant to the effects of air
pollution. Indices such as these based on total numbers of deaths in thé population,
or on admissions to hospitals or' on applications for sickness benefit have been
found to be ‘very sensitive in large communities. 1In smaller communities, however,
random fluctuations may obscure the effects and other methods may be needed.
Diary studies such as those used at the Medical Research Council's Air Pollution
Research Unit, or the use of indices based on records compiled by general _
| practitioners after first interwiews with patients suffering from acute respiratory
diseases, appear to offer the most -hopeful techniques in such circumstances. In.
some communities, however, the population may be too small for satisfactory field

studies.

(iii) Long-term effects of pollution. The long -term effects on man of pollution

are generally recognized as being more unportant than acute reactlons.
Epidemiological research on this problem 1nvolves comparlsons between different -

ccomunities and consequently it is difficult if not impossible to exclude the
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effeots of other factors. A critical attltude must therefore be adopted in '
dealing with the results of such studies. A positive association botweon chronic
: bronchltis and air pollutton may ba accepted but that between cancer of the lung-
and air pollution is less cartzin; indeed any a55001ation qppoars to ba slight

in contrast to that between this disease and tobacco smoking, Further research
‘must include progpective studies so that the incidence of these conditions may

'he correlétedfwith future variations in air pollution;

(iv) The immediﬂte or acutc offocts of air pcllution. The immodiate cffects are

more readily anvStlgatvd by spidemiological techniques, and it is now p0351ble '
to relate respiretory morbidity and general mortality quantitatlvoly to ‘specific
levels of air pollution in cortnin communities. It may thus bp possible to make'
comparlsons botwecn thb acute effects of pollution in differsnt commnities and
~betwetn diffcrent mixtures of pollutants in the sams community. '

(c) Certéin Spccific problems for field'studios. Among the more specific prob-
lems needing clucidation by fi=14d studies are the influence of acute outbreaks ‘
of rbspiretory 1nftctions on’ the h alth effects of air pollution, the effects
'on health of very short periods of high pollution, and an assessment of" changing
‘patterns of fuel us> espe(ielly in relation to the operation of very lnrge

power stations,

(d) Statistical and'epideniOIOgioal mothods in ficld studies, Epidemioloéy

and statistics are becoming more =and more effective in dealing with complexities
of health data and surveys, and their potential must be reviowed-periddically to
determine which new techniques are available to improve the methodology -of field
'studies of- air pollution.

Water Pollution

-Research: into water pollution

During the past sevaral ycers there has been a remerkable increase'in many
countries in the amount of research in water pollution. This research is being
carried out by various gov\rnmcnttl univa r51ty and priv“te laboratories in
many countries. Procedures for tho sampling, racovery, identification and

estimation of organic and 1norganic contaminents are subject to frequent rev1ew
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and ‘ii'prove'ne'nt, and new parameters. forest:xm*tmg degrce of pollution are bsing
testad, . The. evaluation of the e“.feots m po_.lutlon on water qmllty by. tha study
of benthon, plankton and other aqu._t:Lc organlsm° and tasts on thelr physmlogical
bior-hemical and ecolog“al respoiise to V"I‘J ous degrees of exposure are bemg

int; GnoLf..Gd .these. studies may alsQ leo.d to the 1dent1.flcatlon of suitable bio-

loalcal paramet rs .for sm].uv ova.:.uatlon of degree of no,Llutlon.

n.pldemiologlcal ;tudies on the heaith s1crn1_ficance of somg blological
agont., and dl"‘BOlV”d sol ids conta '_ned in polluted water which are part,i=lly removed
bf "onvent* onal treatm:,nt pv'oc\- ses are- u‘.lll under woy, and no defmlte con—
c]n-"'cn can be drawn as yﬂt. Resm*cn into mproved methods for pollutlon
p*‘evcntion includes' tud:.es on the orlgln of varmus klnds of waste and assessment
of he amount of‘ po.llut:.on r'aused by urban and rural run—off . The recognitlon '
© that, in many inst.anr'es, conventan. mechamcal and bioloncql processes fail
Lo remove corbaln contanlnﬂnts and that there is necd for more efficiont nemoval
of, potintial pollutants from liquld wastes has: le ~led ; f:bc.:-‘ eseaPe :

nent nrocesses. ‘andla considefable aHGURE OF eXperiénce has" already ‘been accuma~

]ev.ed in fhathods ‘Fouo separatmg a 1"~rge wvariety of chemical,; bioclogical:and~:
radiological. po Liatatits. - in almost-4X1:instances this has entailed the application
of knowm pdys:;ccbhemical--m-‘inciples , such as adsorption, selectrodialysis, ion

»xchange, .cxidation ‘and others. Although the results of some of these mew ™ -

precesses.are promi sin?, _their cost i still a severe limiting factor, except for

gspecdia nte"m_.ttont opc Frationt.

Detallod reports on ‘such resem*ch ‘and related SubJ cts arc regularly published

arzent regearch

o In research on the effscts of pestlcldes, the concontra'bions of matenals

Lo be J.den‘olfled and deter’uned are oTten very small - of the order of 1 PP 1011

.L.'..»muuioatlon and detemlna uion are possible only by the use-of modem__l_mmmen—

tal mebhods, - of. whicb gas-chro"xe tography 'md infra-red spectrophot.ometry are | .

'e:(sznie«s. : Thus. exoen.,a.ve equ-pmen'c is. essenthl ag are the services of speclalists
trained in-its:vse, . To 1nvesm.gato thz Sfiner. de twijf,presented by the pro‘o]:em?_

cvel more sopl' sticated - and cortainly more. expensiVe - methods will be neces_sary.
Clearly;. few laborat.ones are. at present eqtupped to carry out this type of .. |
analysis. Nevertheless, Athore has been rapid progress in the past few years.
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With incroased interest in the problem, it.may be expected phat this will con-_l
tinve. - I , - -; V
In the Uhited'Stéteé of America; the realistic approach has Been - followed
of con31dbr1ng tho blocoonose 5 of pqrtlcular habitats and- attemptlna to uval- '
uete ‘the effects of pest1c1des on thn various links ir th> food chains whlch
they represent. A 51m111r approach is contemplated in the ‘Unitsd Kingdom, ~Itv
should be mentioned however, that though the study of aquatic pollution has
been g01ng on for mﬁny years, this new problem involves a widening of the
dlsclpllnﬁs necessary to make up a’ woll—balanced teanm. If fish~eating birds
are the flrst'mbmobrs in the food chain to bo s1gn1f1cantly affected,.fof
example, the team should include a field ornithologist. There ié evidence also.
that manyisdostahcés of'ihportanco are_adéofbed_dn insoluble particles; they
 ma& then no doubt bé ingcstod by_bottom—dweliingVinvertebrates and sé entor the
focd-chéin; Account will tharofdre‘h&?& to.be teken of the hydraulics of a
. river influéncing‘fheidepoéition and erosion ofﬁbottom depos}ts. Stagnant
bodies of water (lakes, reservoirs) will require special consideration, beqadse.
through stratification and sedimentation lqéal accumulation of undissolved
matters or.soluﬁes*may pcéur, and also bacause‘dilution is a véry_slow phenome- - -

non as depth increases.

It $s well established thot different drganisms inciuding fish are affected
to greatly differeﬁt extents by different synthetic organic pesticides. This
ocbviously increaseé the complexity of the problem and much reduces the practica-

"bility of using any one species as a universal test organism by which the level
of microchemical pollution in an eﬁvironment and its ecological effects can be
‘evaluéted. ' |

The cémbiéxity”of‘the'ofésent chemical and physical methods for identifying

and de tcrmzninp microchemical contamina ntsAposes a pgfticular‘difficulty where ™
: field studles are to be made in remote dlstricts. Rfforts are therefore being

.mado to develop altermative procedures, particularly spécialized methods ofb

bio.aSsay._ Ih'this,ndtﬁble prozrass has.been made, There is 2 wide diversity

e ——————

1 A biososnosis is an ecological unit comprising both the vegetable and the

1

animal populatlon of a habitat.
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of types .0of responses. of organisms tofsublothgl congonprations.oflpoisons, and
it is beliavud by workers in this field that many biological responses can be'“‘
used as.a basis-of blo»assay ma hods. Thase 1nclude, for exumple, growth of -
algal cclls, rate of rosplratlon, CQLlnithn of av01dﬂnce re sponses, and level )
iertlllty. hprt 1s some aop“ that w1nn jurtth devexopment of this kind, 1t
may becomne possiblc to meﬂbure not onlv uh re lative level of mlcrochomlcal
pollutlon of_a Wato buy, atb ] east to sone extent, the naturc of the contaml— »
nans concerned’- PubllSQBu workg oucgost that meﬂsuremont of thc effect of
synthetic orgﬂnlc <'ubs‘t.:mco., cn bhv growth rwte of 11gal cultures may yleld
useful 1nfonnatlop. Re k) *ch on uhlS subﬂﬁct is at pres sent in a2 vory active
shage o dev,chmonﬁ and it is noteu thau prematuro st nderdization of bioé )
a°sav procedures or tes° o*gan"ums ‘might hlnder further progress 1nstead of |
promoting 1t° Flna11" t is emoha Jzed that 1n order to estsbllsh efflClent
metheds for detactlnv 1dent11y1 3z and mon1+or1na mlcrochem1091 pollutlon, there
sy be qdeqﬁate ba ellne d“u“ on tho ecolocy of the water systems conc;rned
This is se]dom tha case qt prescnt wnd wherevor c1rcum°t1nces allow, every

eifort ohou.d be mndo to collogLAooch data\"

Furthor Tpidemiological Studies in Man’

- Much oocupatlonal health data, and xpwrlbnce on more than 350 shbstancee
ha&évpeon used to- develop standards for 1ndu°tr1°l exposures..: Such information
can be oﬁ-conSLderable holp-ln»tn@;beleculon -of mecthods of. research 13/4/rf;
poilutien and in choosing eriteris for communlty air- pollutlon standards, No
generalloxtrapolat;onvof industrial 23ir to commmity air- standards- should -be

made, because.pooulations cixposed differ greatly.

Uzz of occupaticnal data for evaluating the hazards of community exposuresy Much

moTe information’about'thL lonr~tnrm effects of ‘cortain pollutants whlch occur
in the'Seoérql‘éh%ironmént’ﬂnd'also in hiahor concintrations in that of“oceupa-““
tlenal” O'rovps ‘could be obtiined provuied the ra cords of such groups wer: better
anélysed ~ This requlres'closar co-oporﬁtlon between ‘the industri~l me dtcalni
cificer tho 1ndus *ial:hygieno 0n01n‘or, the opidemioclogist. and- the blo-ﬂv
statistician., To make tho most use of this and other information; a uniform
sutem of zwcord is ro qawr >d whwch w1ll include changes of occupation,
:cstdrnoe, perlod of sickness, 1na ‘cause of doath ' Thls W?S formbrly technl-

:ally impossible on 2 national scale but may not be 0 now since the development )
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of computers. It would thus be.possible to'followfprospéctively the morbidity-
and mortality of groups with known exposure tobparticular pollutants or éroups
of pollutants. The sstablishment of, and access to, such records would be one
of the most powarful cpldemlologlcﬂl methods for the prospective study of a

wide range of medical probl ems.

In the United States of Americ“ Social qecurlty Records (BOASI), which werc.

not designed with this end in view, have proved their value ir occupqtlonal

health research, espec1ally for cohort studies. In the United Kingdom, the
Ministronf'Pensions and National Insurance Morbidity Survey will enzble a
national study of ocqupation.énd of residence, and sickness from various
diseases to be related to indices of pollutioﬁ. VIn‘certain‘Scéndihavian countries,
extensive'pdpulation registers have been ;aintained‘for several‘decades;:they
alreadJ include data on morbidity. This: 51tuat10n is well suited for carrying

out additional epidemiological research.

Use of available hospital and clinical‘morbidity datz. The long-tem effects of
environmental pollution on the respiratory system can be studiédbby better use
of medical. ‘records in hospltals and health centres (in-patient and out—patient
dopartments) as well as by pathological reports. A higher incidence of some =
communicable or infectious diseases among children and the working population
has been reported in arcas with higher 2ir pollution, Fufthef knowledge on
pravalence of chronic inflamma=tory throat diseases 2nd chronic bronchitis, as
well as cor nulmonql:, can be obtainad in some localitiss from hOSplt“l admlssion
and out-pqtlant exsmination data. The possibilities of such reseqrch arg not
being fully exp101t°d and oubht to be ancouraged. More expllcit 1nd unlform
dlagnostic crlterla, both in clinical and pa thological work are needed as well
as more precise 2nd iniform data on.exposurs, including type and amount of
pollutants, time and type of cxposure, as well as dumographlc and other data )
oévthe population at‘risk; '

~The diseases to be followed should include, chronic throat ‘diseases, chronic

bfonchitis, asthma, emphysema, pulmonary fibrosis, cor pulmonale.-

Attention should be drawn especially to popﬁlation groups under.special health
‘care, such as cardiac =nd emphysematous patients, amd healthy groups undef
special prevehtive care, such 2s schoolchiidren, pregﬁant women and éthlétes.

. i - ! f X
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In these groups -some spccial simple phys1ologlcql studid's should br recommended
as part of ‘routine  follow-up examin~tions. - The findings for 1re°s with dlfferent
pollution levels could then be compared. '

This,kihd of work will be of gfeatost value when addqﬁaﬁé onvifpnmmntal data

are also obtained.

1

Behavidufal studies, Much: -‘work, on condltloned reflex and scnsory phy31olog10al

effects of pollutants hﬂs been corried out, partlculwrly in the USSR. It has

been suggestod that such proaedures;in.evaluatlng the long-term effects is
probably limited. - Some ~ttempts to confirm these studies, particularly with™
respeet,pé.éolygnt,vapour53 suggést that:tha procedures are relatively insen—'l
sitivé;T Further exbiofaéioh-Should be;made.of the value of such-procedures =~

for bothaghort—térmAénd long-term exposures.

Prospectlvu surveys for the evaluation of 1ong-term effocts of 2ip pollutlon.

'Because of the complex and. varylnc comp051t10n of 91r pollutﬁnus 1n dlfferxnt
placrs and the p0531b1yv1mportant effects of Cllm“tu, it is deslrlee to- carny L
out the u)ldemloloolcal investigations on » larger scals and: in more places- thwn»
prev1ously. To ensure that sueh rssults will be comperablc and infomative
certﬁln steps are essontial first, an ﬁdequntc-descrlptlon of exposure, the .
sacond a valid measure of medical effects, based on nn adequdta population '

'sample, and. third, a satisfactory follow=up-mothod,

Tha 1nvest1g1t10n must bg an ecologlﬂﬂl one, th“t is oused on studl\s of both
exposure 1nd morbldlty within 2 con51dprqb1b numbor (hundreds) of dlstrlcts.' 
These dlstrlcts shoula be selected to give the mnx1mum variation in dose
v(exposure) and cllmato. _utatlstlcﬁl d031gn and populﬁtlon sampllno can provide

other crlterla for selectlon.‘

Wheh selacting districts for the investigations it will be'neééssary to meke a
prellmlnary study of the relevant: varisbles in-a considerably larger number of.
dlstrlcts, pﬂrtlculwrly in respect . of the concentrations. of the most lmportant

pollutants and,dgta nvnllnblg on the,population st:ucture.

,The sccond probl»m concerns the’ muasurﬁmvnt of offects. Detriledfﬁddic“l

examinations of a ‘population sample are not alwqys f0931b1c, ‘nnd nplter would
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it be satlsfactory to rely on existing offlc1al_sh1hlstins~n£,m9rb1dihyhand
mortality., A study should be made, therefore;"af’fﬁE’feasibiIity of using
mailed questionnaires to obtain an cstimate of: the relevant information on
rhsplrﬂtory qnd cardloVﬁscul?r svmptoms._ Such an approach_hgsﬁalready.been ,

tusted 1n some. countrles and merlts furthur exploratlon.

If A study of this type 1is to be practical the'rcduiremanté for'completenessA
of 1nformat10n about all symptoms ought not to be set too high. Attentlon is '
cplled to thc Brltlsh Modlcal nesearch Councll que stlonnalres on resplratory
symotoms °nd those rolatlve to pnalnqp«ctorls along thp lines of the
questionnalrp for flelu surveys, produced and standﬂrdlzed by UHO The B
inquiries should be fitted into d model of the ‘above-mentioned or some SLmllar .
'type -« with as much consideration as possible. for comparﬂblllty in the evalua-

tion of exposure and effect.

A chegk on the vélidiiy of thpippproach will be ncoded. This must be done by
personal;. 1nterv1ews nnd by a _simpla clinic2l lung functlon test (FEVl o) and' =
environmental exposure ostimates for a limited- sub-sample of the popul°t10ns .
and areas, . Such methodological studies ghould be commenced as soon as possible;:
as piibtbdperapions, u10pg wlth training in the use of questlonnalras,”possihly
including the use of tape rocorders. Suﬁﬁ”pilotdop&rat£0ns provide'd-meens of
testing 1ntra- and lnter—dbs IVer var1ab111tv, and of selbctlng questlons, and

1ntervipwers.

Nhile th\ above procedurns will p Ivui addltlonal estlmates of prnvalence,

- ser1a1 obsurvatlons of two typus mﬂv be useful in order to ev"luatv 1n01denée.
The first will consist of rcpetition of the same 1nqu1ry (mnll or personal
interv1ew) and test u31ng precisely tbe same methods and 1nterv1ewers or.

V examiners, if possible, and added to this,” additional 1nformatlon bout bouts

of disabllng resplratory disease should be obtained, if possible, from health
records, | Such a procedurc also prov1des 2 mans of evaluatlng intervicwer o
variebility. A second follow-up mcthod consists of determining by comparison,t.‘
with official records the time and cause of. dlsablllty, retirement or dzath,
Such "death cl arance" or "retirémont ‘clecrance™ studlesmaru tedious if carried

out by hand, but can be don: ofi' computers  with gredter facility, -
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Problems .on which reséarch is required

’

.. Environmental: pollution in general

In outlining'reéégrch'on ths health effects of environmontzl pollution,
- priority has been given to the total impact-of air and watar togsther, 2nd where.
indicated»withrthat,of food and soil. . '

Grcctor efforts. should be mﬂdo to rplwto, both in br?odth 2nd 1n.depth
the kinds and 1mounts of pollutants from 211 typcs of environments, with levols
of pollutants qnd their motabollt\s in body tlSSUbS and flulds, and with- health

effects 1n man ﬂnd animals u31nv epldemlolovlcol ﬂnd laborntory methods.

Bottor ways should be sought of facilitating more reliable extrapolatlon L
of experimgntal and animal data to pollutant’ effects -on man._f -

The general problsm of the means of the body's defence aO“lnst pollutants,
e59901allv 2t low levels’ and th» related problems of adaptation should be purh' o
sued v1gorously, both in °n1mﬂls and in meh. 3 = C

- The role absorption, olstrlbutlon, storﬂge and \xcretlon play in. pollutant

toxicity should bs more widely and thoroughly studlod

lncreased research ‘attention should be.71Ven to substances suspectod of

having carcinogenic, mutagsnic or teratogenic effects,

Increased attention should be devotod to tho study of foLCts of pollutants

on 22 1ng and llfﬁ—qun shorttnlng.

Industry should be encouraged'to'éonsidor, in‘thg dovclopmont of new -
products, not:only thoir utility and sifoty in uso, but 2lso the llkullhOOd of
their contﬂmlnatlng the enviromment after thay have bean used, for examplo
con51der the b1odsgrod9b111tj of dotorgents ﬁnd thz combustion products of

Plﬁstlcs. ' R ST S e . ';?i-;ﬁ .

Characterization of pollutants. ‘“.Characterization of environmental pollutants

should be made:” in regard to air, for orgonic compounds ofvsulfur and nitrogen,

halogenated hydrocérbons and other halogzn compounds, metals and metalloids with
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potential effocts on hsalth' ‘in water, idontlfiabl pestlcidos and mﬂttls and o
meta1101ds, in foods (and boverngos) postlcides wnd the" mstul—meta1101& spec- R

" trum.

Estimation of body burden:.:Systematic surveys should be .carried out in mary

geogfapﬁiéalpazags of the metal, pcsticide and other organic pollutant content -
of human tissue including‘bloOd-and»uriné, with spscialsattention to lead,

. cadmiui and pesticides. ‘Estimates of the environméntal exposure to these sub-
stances from the nir, wter and food, from smoking and oooupation; should be
made simultansously wherever possibie. Similar data from wild and dOmesticétsd
animals should also be Sought: E— B

Follow-up of heavily exposed populations.. Controlled, long-term follow-up -

studies should bc made -among defined populations having unusually high exposure - e
to pollutants which may affect the genoral community. Those occur: both in
occupational groups and in loc1l groups of the conerai populwtion, such as

those exposod to unusually nlah concentr?tlons of lead (for example, trqffic
policemen), populations in the vicinity of metal refineries, populations in |
Jocations: wher the chromium lovel 1n the drinking—Wﬂter is high, populations .
exposed to ozone in; cold-stora*e plants.and where ozone is used fon“odour con-.
trol, mercury-exposed groups in 2nd around alkallno chlorine plants, arsenic-
-exposed groups.in communities. where high-arsenic-content. coal is used, carbon- oo
monoxido—exposed growps.in citics with high auto—traffic ‘density and.among worhers
in steel mills. The aim of all these studics should be: to detect small . deviations
from normal function, using sen31t1ve physiological and biochemical m°thods, as

well as differences in morbldlty and mortsllty.

. Study of populations with urusual exposures: to 1nsect1c1des. Retreospeetive ‘and

especially prospoctivo epldemiologlal studlos should be- mado in: aroups exposed
to unusual amounts of chlorinated: hydrochrbon, organo—phosphatos and other
pesticides. ' Ong: such population:is in the vicinity of Ferrara, Italy. These'
invostigations will-bé more:valuzble if they arc cofordinated with studies of .
the effects of pesticides on thgifaura in the-arcs. The studies should ‘include -
possible ehronié and indirect effects of -absorption of thé_peSticides. Similar
studlies would be particularly appropfiate»in‘areas where intenSivé:pesticidé-*

usc is carried out in conjunction with malaria erndication-programmes.
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Devclopment of post%l questlonnnlre methods. A fowsibility sﬁndy'should be”made.t-

of a cross—sectlonﬂl survov of rosplrotorv ‘and cardiac (and poss1bly eye and
skln) symptoms usn.n<I a standardized meiled. quostlonnurn in 2 lﬂrgb number of
populatlon croups in dlffersnt countrlns. The .areas chos»n should hﬂve 1arge
dlff ronCLs in. pollutlon and climatce. Standardized measurements of pollutlon
w1ll ﬁlso be roqulred and a system will bc neecded for 1nterv1ew1ng a sample of
the population to check the velldltyaof thL mailed questlonnﬂlre, -and to eonfirm

tho histories of . cxposuro. -

Possible relationship of cor pulmonale to pollutant exposure. Further inter-v.

national comparisons - should be mﬁde in selected hOSplt“lS of the proportlon of
the -admissions with cor pulmonale, and of its incidence at-autopsy. Standardized.

criteria will be'rsqulrsdufor dlagn051s"1n;11fe and 2t 2utopsy. -

Intensive study of ,pldemlc resplrﬂtory "llorglos.. Eplsodes of 1ocal air pollu~

~ tionm, suspcct“d of being releted to "eoldemlc rosplratory alleralks”- should be

investigated.

Unlform occupﬁtlonal exposure data. The long-torm effocts on hea ltn of pollution -

(and of qll ‘other environmental fﬂctors) rzquire for their solutlon a contlnulty
of information about the 1nu1v1au~1 and his environment over a llfc—tlme. ' :
Countries should bc encourpged'to dévelop vhiform and comparable records’ and‘;

make them accessible for healtn reSearch so as to pool information on occup*tlon,

ro51concb, 51ckness and death of individuals ﬁnd populatlon groups.

Standardization of observations

N
1

Standa rdlzwtlon of laborﬂto:y me thods.n The developmont qnd standard1z°tlon R

of methods of laborﬂtory 1nvost1g°t10n should b. concarned w1th at lktst

five problems: (i) wider use of new analytieal methods for pollutants, SER
. (i1) developmcnt of mathcmatlc°1 modals for estlmatlnv 1ntocrated doses of
'lpollutants, (1ii) comparisom of methods of msasurlng phy31olog1cal and
_biochemical responscs to pollutants; (iv) deveclopment of_new measures of

response; (v) rapid screening methods for identification of health hazards

associated with new chemical pollutants.
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Standardization/of epidemiological methods. Reference centres shonld be- vmfﬂf
d951gnated to develop, test angd standardize ep1demiolovical methods for -
'-investlgat1n¢ long-term ‘effects of pollutants, ‘Initial attention shouldw
‘be given to quastionnnlres, both- personal and postel for studylna respira-
'tory roactions to pollutants.  Such centres should alsé train personpel §
‘in standardized methods, develop standard methods for measuring exposurcs
in the populations’ studled -and, through contact with field openatlons,
maintain comparability between studies. ' '

Animal experiments

Experlmental exposuras to realistic pollutant mixtures.. Animal exposures

should be performed using realistic. mixturas and levels of alr pollutants
and slmultanequsly using water.and food which contain realistic amounts.
and fypeésqf,éontaminants._»Amgng.the obseivations_Whiqhushquld be made
_Eiégtbqse,pf_tbxicity, effeéts,on;soqial behafiour and effects on ageing

and life-span.

Large-scalé«expvrhncnts. .for purposes of 1mprov1nv the rellablllty of

axtrapolctlon of low<prevalence events for predicting humnn health hazards,
‘the use in selected experiments of large numbors‘(thousands)_of;anlm“ls 1is

recormended.

Bffects of pollutants in combination with infection. Selected experiments

should combine pollutqnt‘@xposures with exposures to infectious'agenﬁs;
both naturally occurring and experimsntally 1ntroduced. Studles should

also be carrled out in anlmals w1th specific organ 1mpa1rment or general
debility . ‘

Epidemiologicel studiss in anifnls. Epidemiological studics of pellutant
.effects should include the‘naturélvepviroqmentgl;;ébeptorSVOfipollution -
and'wild'andldomesticated éniméls,’in'tha latter case-through cooperative
veterinary rescnrch. . iork on development of now iﬁbred3§tfﬁin§'énd}hew"
gpecies of 2nim~ls for- 1ﬂborﬂtory 1nv~st1g3t1on of pollutﬂnt effkcts should**

be 1nten31f19d.



Enzyme studiés

.

Role.of enzymes in adﬁptation to pollutants. Further steps should be taken

.to dstermine which pollutants stimulate the productlon of adaptive enzyme~
'in animals and men, with special attention to repetitive stlmulgtlon, ‘as
part of an over-2ll cffort to understand the defence mechanism of the Qody'
against pollutants. Differnnccs in responsc in diffcrent host speciascénd
strainé chould be¢ deternined; bthe affects 6f age on these relationshins -
should be cvaluated. Research on the mechanisms of these changes is -also

neeoded.

Immunological reactions to pollutants.. Research should be -continued on

th@—immunologicalAr?sponses to pdllutant exposure and on which pollutants
hawve importént effects in this respect, as well as the offects'of.ﬁollur -
tant COmbinrtions on the immunological process, Résearch should be ”
contanLd qnd expanded on the imminological “ffocts of 1nfvct10n, d611be«

.*ate and natural,- superimposed on pollutant exposu;es.

Oth r ﬂdaptlv ‘mechanisns., Tnvgstlgetlons should bv made. on the wn ¥5.in,

whlch thv ckntrQI nervous syst’m contrlbut to thv mq&nt nance of homeo-

tqtlc GQUIlLDrlum ﬂnﬂ thus to defc,nch and ﬂdzpbqtlon to pollu+"nt
- oxposure Efforts should aiso hc madv to find ways of improving the

natural dszfences a2zninst pollutsnts and the adaptation mochanisms of the

body.

Metabolism of absorbed pollutants

Investlgatlonq should be extended on the absorption, Aistribuh 1on, motabo'i,“,
storage and excrotion of cnvironmental pollutants; this should include such’
routes of sntry as skin, respiratory and gastr ro- 1 tcstinal tracts. The stud1
should be focused on compound zZrouos or types, ifor instance,the carbanatos, or
other newly introduccd pesticides, the cpouxides, the more important avomatic
amino and nitro compounds, alkyl nitrosamiﬁes, and othor substances with
A carcinogenic, hutagenic or tecrotogenic pobential, certain halogenated substanees,

agrosol combinetions 2nd metals and metalloids.




Carcinogenic and mutagenic studies

N

Rescarch on the éarcinogenic ﬂndbmutagohic'potential of. pollutqnts should
be directed to the offects of five factors: (i) route of entry; (1) mstabollc
transport; (111) specics diffurences; (1v) promotors or accelarators;

(v) dose-responsb relﬂtlonshlp. Research on’ det rm1n1ng taratogenic effects
should be initiated with the object of dbtvrminlng the lowvst dose of the agent

from water or air pollutants which will result in effects.

Long-term pollutant effacts on ageing

Rescarch on ageing or life-span sbo;tening.effects should-
a., scrogn pollﬁtants in order to détermine whether such offects'are
llkely, and the dose—rbsponse pkttorn, . |
b. determinc tho processes by whlch those effecets -oceurs; and
A'c. attempt to establish crltcriL fqr deflnlng the ageing proccss.,

B}

A list of the rescarch problems given in this section tdgethér"with other
investigations proposed by the Scientific Groupé and their recommandations to

WHO are given in "Reseorch Problems in Environmental Pollution”.
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Members of the Scientific Groups on var1oﬁs'aspects
of environmental pollution which met in Geneva
during the period March 1963 to November 1965

Nichchémicél Pollutants in the Enviromment (March 1963)

Members: N

Dr J. M, Barnes , Dlrector, Texicology hcsearch Unit, Medical. Research
Council Laborator1es, Carshalton, Surrey,_Unlted Kingdom

Professor P. Bonnevie, Dlrector, Unlver31ty Institute of Hyglene,
Copenhagen, Denmark

Professor Gordon M. Fair, Professor of Sanitary Engineering, Harvard
University, Cambridge, Mass., United States of America

Dr B. J. Lawthor, Director, ‘Medical Research Counc11 A1r Pollution Research
Unit, London, United Kingdom

Secretariat:
Dr M Hollls, Dircetor, Division of Env1ronmental Health
Dr M. Laird, Chief, Environméntal Biology

" Mr R. Pavanellq, Chicf, Air and Water Pollution .
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Seientific Group on the Biological Estimation of Water Pollution Levels
(l-fJune 196).;)

Members:

Dr H. Bick, Zoologischen Sammlung der Landmrtschaftlichen Fakultat der
Universitit Borm, Bomn, Germany

~Dr G. T, Bonde, Unlversu',y Instltute -of Hyglene s Copenhagen, Denmark

- Dr B. J. Cholnokv, National Instltute for Water Rbsearch Grahamstown,
South Africa . .

Proi‘essor M. Huet Director, Station de Recherches des Eaux et Foréts,
Groenendaal-Hoeﬂaart (Brussels), Belgium

Dr H. B. N "Hymes, Senior Lecturer in Freshwater Zoology, Un1vers1ty of
leerpool Liverpool, United Kingdoml (Chairman)

Dr S. Jekov, Head, Léboratoxy of Sanitary Microbiology, Sofia, Bulgzaria

" Professor H. Liebmann, Bay~rische Biologische Versuchsanstalt
- (Demoll-Hofer-Institut), Munich, Germany

Professor A. G. Rodina » Zoological Institute, Academy of. Sclences,
' Leningrad, USSR (Vice-Chairman) -~ . .

~ Professor M. Stangenberg, Dlrect,or, Instltuto of Ln.mnoloby and Fishery,
Wroclaw, Poland

Dr C. M. Tarzwell, Chief, Aquatic Biology,' Sanitary Engineering Center,
United States Public Health Service, Cincinnati, Ohio, United States of
America (Rapporteur)

. Secretariat: '

Dr M.~ Lalrd Chief, Env1ronmenta1 Blology, Division of Environmental
Health (Secretary) : .

1l ) A ‘
Present Post: Professor of Biology, University of Waterloo, Waterloo,

Ontario, Canada
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'Scientific Group on Biological Aspects of Microchemical Pollution of Water Systems
(8-12 June 1964) PR

Members

Mr T.W. Beak, Director, T.W. Beak Consultants Ltd, Collins Bay, Ontario
Canada (Chairman)

DrM: Jekov, Head Department of Water Hygiene Scientific Research
.. Institute of _I;Iygq.__ene and Sanltation, Sofia, Bulgaria, (Vice-Chairman)_‘

Professor H.O. Hettche, Director, Landesanstalt ﬁir Immissions-und
Bodennutzungsschutz, Essen, Germany -

Dr A. Kaminski, Military Institute for Hygiene and Epidemiology, Warsaw
Poland

14

. Mr K.R. Khan » Central Public Health Engineering Research Institute Zonal
Centre, ¢/o Osmania Medical College, Hyderabad, India

Dr L. Ormay, Head, Laboratory of Environmental Microbiology, State Institute
of Hygiene, Budagest, Hungary :

Professor A.G Rodina, Zoological Institute Academy of Sciences, Leni rad,
,;USSR .

Dr B.A. Southgate, Director, Water Pollution Research Laboratory, Steve nage
Herts United Kingdom (Rapporteur)

Dr C.M. Tarzwell, Chief, Aquatic Biology, Robert A. Taft Sanitary Engineering :
Centre, Cincinnati, Ohio, United States of America

‘Professor V. Tonolli, Director, Istituto Italiano di Idrobiologia Pallanza.
(Novara), Italy .

:Mr R.E..Warnery Principal Biologist, Engineering Science Inc. ’, Oa.kland
California, United Skates of America .

L

Secretariat- | o L : N :
Dr M. Laird Chief, Environmental Biology » ‘Division-of Environmental Health
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Scientific Group on Research into Environmental Pollution (20-25 July 1964)
Members:

- Professor A. Glovanardi, Director, University Institute of Hygiene,
Milan, Italy .

Dr J.R. Goldsmith, Head, Air Pollution Medical Studies, California Depart—
ment of Public Health, Berkeley, California, United States of America

Dr H. Jammet, Chef du Département de la Protection sanitaire, Centre d'etudes
~nucléaires, Fontenay-aux-Roses, France

Mr H.P. Kramer, Uirector,. Robert A. Taft Sanitar'y Engineering Center,

Cincinnati, Ohio, United States ‘of America (Chairman) : .

Dr B Lawther, Director, Medical Research Council Air Pollution Research
Unit, St Bartholomew's Hospital, London, United Kingdom

.Professeur Edm. Leclerc, Directeur, Centre - belge d Etude et de Documentation
" des Eaux, Lidge, Belgium (Rapporteur)

Dr A.E Martin, Senior Medical Officer, Ministry of Health London United
Kingdom .

; Professor VAL Rjazanov, Director, Institute of General and Municipal Hygilene,
Moscow, USSR (Vice-Chairman)

Dr G Jo Stander,\Director, Nationa.l Institute for Water Research Pretoria,
A South Africa ’ ,

Professor V.B. Vouk, Director, Institute of Medical Research Zagreb

', Yugoslavia, (Rapporteur)

Secretariat: _ ' . S

Mr R.Pavanello, Chlef, Air and Water Pollution, Division of Environmental.
. Health (Secretary) .

Professor J.E. McKee,; W.M. Keck Laboratory of Environmental Health Engi-
neering, California Institute of Technology, Pasadena, California
United States of America (Temporary: Adviser) -
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Scientific Group on Long Term Effe ts ‘on Health of New’ Pollutants
(10 16 November 1964)

Members-~ o oo . S T

_Professor P Bonnevie, Director University Institute of Hygiene,
Cogenhagen Denmark .

' Professor Lars ‘T, Fribers, Director ~Department of: Hygiene Karolinska
~ Institutet Stockholm Sweden
Dr J C Gilsen Director, MRC Pneumoconiosis Research Unit Lla.ndough
Hospital Penarth Glamorgan, United Kingdom (Chainran)

Dr A Lafontaine Directeur Institut d'Hygiene et d'EpidérmLologie
, (Ministere de la Sante pub‘Jique et de la Famille), Bruxelles-]'_xelles,
S Belgium ' .

s B hDr N Nelson, Director,,Institute of Environmental Medicine, New York
o University Medical Centre, New York Ci'_t,z NY United States of America

- Professor B. Paccagnella, Director Institute of Iﬁrgiene, University of
Ferrara, Italy L

Dr P.. Pachner, Institute of Industrial Hyglene and Occupational Diseases,
Pragge, Czechoslovakia (Vice-Chairman)

Dr H.E Stokingerg Chief Téxicology Section Occupational Health Résearch
and Training Facility, Division of Occupational Heakth US PHS Cincinnati
Ohio, United States. of America (Rapporteur)

Dr J A Zapp,J r Director Haskell Laboratory for Toxicolagy and Industrial
Medicine; E.I. Dupont de. Nemours & Co., VWilming;b_gr_x, Delaware, United - '
. States of America

Secretariat- o e T e

Mr R. Pa.vanello Chief Environmental Pollution, Division of' Environmental
Health (Secretary)

i

Dr John R. Goldsmith Epidemiologist Environmental Pollution, Division
of Environmenta.l Health-
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Scientific Group on Identification and Measuremont of Air Pollutants
(16-22 November 1965) @ ~ . -

Members:
- Professeur P. Chovin; Directeur, Laboratoire municipal (Préfeeture de
Police), Paris, France. '

Professor M. Katz, L.C. Smith College of Engineering, University of
Syracuse; Syracuse, NYy United States of America

Professor T. Kitagawa, Department of Safety in Chemical Engineering;
* Yokohama National University; Ohkamachi Minamiku, Yokohama Japan

Dr P.J. Lawther Director, MRC Air Pollution Research Unit st Bartholomew ]
Hospital Medical Collegé, London, Jnited Kingdom (Chairman)

" Dr John H. Ludwig, Chief, Laboratory of anineering and Physical Sciences,
* . Robert A. Taft Sanitary Engineering Center Cincinnati Ohio, .United
‘States of America (Rapporteur)

Professor K. Symon, Director, Institute of Hygiene Sxobarova 48 Prague
Czechoslovakia ‘

~

Professor F.L. Petrilli Director University Institute of Hygiene Genoa
Italy .

Professor V.A. Rjazanov. Director, Institute of General and Municipal
Hyglene, Moscow USSR (Vice—Chairman)

Professor L. Silverman, Head, Department of Industrial Hygiene, Harvard
School of Publice Health. Boston. Mass. ; United States of America

o

Representative of .the World Meteorological Organization

Professor F.H. Schmidt, Chairman, WMO Working Group on Atmospheric Pollution

and Atmospheric Chemistry (Royal Netherlands Meteorological Institute,
-Utrechtse weg ?97 De Bilt, Netherlands)

Representatives of the International Union of Pure and Applied Chemistry

Dr R. Morf, Secretary-General International Union of Pure and Applied
Chemistry (c/o Hoffmann-La-Roche & Cie, Bile, Switzérland)

Professeur R. Truhaut, Chairman of the Division of Applied Chemistry,

International Union of Pure and Applied Chemistry (Faculté de Pharmacie
de 1'Université de Paris, Paris, France)

Observer of the Organization for Economic Co-Operatiun:and Development

Mr P. Lieben, Administration in the Directorate for Scientific Affairs,
OECD Parls. France
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§gi_entifi“c'(}roup on Idenﬁificat}_on and Measurement of -Air Pollutants (cont)

Secretariat:

‘Mr R, Pavanello, Chief, Environmental Pollution; Division of Environmentgl
Health (Secretary) : ' ‘

Dr John R, Goldsmith, Epidemiologist, Envirounmental Pollution, Division of
Environmental Health

Professor Philip W. est, College of Chemistry and Physics, Louisiana
State University, Baton Rouge, Louisiana, United States of America
(Temporaxry Adviser
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1s 'JINTRODUCTION'

ThlS document deals w1th WHO Internatlonal Reference Centres (IRC) and Reglonal

Reference Centres (RRC) and their relatlons to each other and to Natlonal Relerence
. Centres (NRC) _ These three types of centre together form an 1mportant world-w1de
network of- instltutlons w1th the aim of promotlng the use of spec1flc standards in

materlals and practice and of developlng research and collaboratlon on problems

N

ar1s1ng from the reference work of the centres.
. Many types.of reference_centre are included. among the international activities

and responsibilities of WHO. Their-variety is.tco great for.a comprehensive statement

about them all, however brief. A general statement should, however, be helpful for

those concerned'withfthem.

3. DEFINITIONS v

i .

(a) ‘An _International Reference Centre (IRC) is an institution designated by |,

WHO, or by competent and spe01allzed 1nternatlonal bodies, to assist in the
development and malntenance of high standards of work’ 1n specialized fields,
where such are needeo b An IRC yrov1des certaln serv1ces of 1nternatlonal
value to. practlce or research 1n medlclne and publlc health.2 The aim of these

services 1s to achieve’ improved pre0151on, rellablllty, consistency and- compara-

- pility in practice, and better results from national and'international studies.

(b) A Regional Reference Centre (RRC) has responsihilities slmilar to those

of an IRC but restricted,to_those it is fitted to accept,and limited to a group
.of geographically relatedoountries:3 "It collaborates with the IRC in‘its
_ field.by collecting certainndatarand.materialswwassisting in the development of
claSsifications?’etc., and has closer contact with NRCs for consultations. It
deals with‘inquirles from NRCs and passes on to the lRC only those problems that.
' iticannot.resolve.ﬂn It is established by WHO,in consultation with the IRC.
_Usually there is only one RRC in a region. . If there are no_BBCs‘there is

‘direct'communication.hetween NRCs and IRCS.

.

There are joint WHO/FAO IRCs for subJects of interest to both organlzatlons,
e. g brucellosis, leptospirosis.

No useful. dlstlnctlon can be inade, in connexion with IRCs, between services to
practice and serv1ces to research

_ > The term reglonal" is used here for a geographlcal grouplng whlch is not
necessarlly equlvalent to a WHO region.
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(¢c) A National Reference Centre (NRC) is established by a government.to provide

consultant services in alpartieular field, and it 1s responsible to tne government
alone. An NRC may establish direct contact with the related RRC and, in the
'absence.of an RRC, with the IRC. The NRC is entitled-to reoeive, upon request
from the RRC or. IRC, sam)les of standard materlals and related 1nformat10n on the
methods of use of such standards It passes these on in turn to other natlonal
institutions (NI\ and-industries In the absence of elther an RRC or an NI, an
individual worker or a sc1ent1f1e or 1ndustr1al 1nst1tut10n may ccmrunlcate
dlrectly with an IRC and may receive on request standard or reference materials

-from the IRC if sufficient are available.

(d) WHO eollaborating laboratories may be of several kinds::

(i) A laboratory may be selected by an IRC, in agreement w1th WHO, to work
exclusively with the TRC for perhaps a year or two on some task requiring

international collaboratlon R S

(ii). A laboratory may be selected by WHO in agreement with an IRC to work
with the IRC for a few months on checking proposals for an international

- clas51flcat10n, nomenclature, ete. , before the IRC presents it to WHO.

. (iii) A laboratory may be - selected bJ WHO to work dlrectly with the.
r‘Organlzatlon for a certain 93F19d¢1n59°;l§9t1ng information or materials, or
~in carrying out certain reference duties more limited than those entrusted’

to a designated reference'centre.
Therfollowing‘diagram.snggests the relationship between RCs:
INTERNATIONAL REFERENCE CENTRES
IRC . IRC E IR[C_ i . .. Imc
. __RRC ‘ o RJRC
NRC ’ —l .- NRC - NRC
NI

7 NRC :
l R Jf - |
NLONL NI

NI

- NI NI NI NI NI NI NI. NI NI NI NI
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3.  DENOMINATION

’ The~name in most general use is "International Reference Centre", although some-

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

If an.International Referehce Céntre has been designated by WHO it should carry
the words "World Health Organization" or the initials "WHO" before it. "Reference”
has the heaning of "submission of a matter to some éuthority for discussion or infor-
mation", and "Qonéultation" is also implied. Although in some instances "laboratory"
might have a more specific meaning than "centre", in geheral it is restricti%e and
- for this reason the word "centre" is preferred. Thus thé generic name would be

"WHO International (or Regional) Reference Centre for . ... .".

It may. be undesirable to chénge the names of long-established reference labora-
tories but future reference institutions should be designated "ICRs" or "RRCs" as

far as this is reasonable.
L, PURPOSES AND DUTIES
(a) Purposes

The purposes of the IRC are to perform and develop services fo'practice or’
‘research in medicine or~in.public health. These may be indicated diagrammatically

in the order in which their activities .often develop:

. CONSULTATION COLIECTION

ESTABLISHMENT OF STANDARDS AND REFERENCE MATERIALS

| . R 1 !
‘EXCHANGE OF INFORMATION PRODUCTION DISTRIBUTION TRAINING

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

Designétion of pérticular materials to éerve as international standards
.o ~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
_1evels of toxic substances in the body or of pctentially harmful radiation,
_ standard (unlform) techniques, methods, etc.l recommended for international

use.

. The general procedurevfor this work, especially in nomenclatures and

classifications, is that an IRC servestas a co-ordinating centie on behalf

of and respon51b1e to WHO It should not'makc or publish.any interim or

.flnal statement on these w1thout the consent of WHO.

_In cancer pathoiogy; for example, with the»help of an advisory group
of experts {rom different countries and representiné different adcademic
’ traditions, a tentative ciassification, standard, etc., is.prepared. This
is then studied by the IRC and scveral coilaborating'laboratories.v The
i proposals-arising therefrom may'be sent for a few .months to other collaborae
ting laboratories for checking before their_presentationmﬁy the iRC'to WHO
for recommendation for international usé, with.or withont-submicsinn to a
WHO,advisory group.' Related competent specialized international boedies maJ‘
be:consulted at the initial stage of the above brocedure‘and for the subse-
quentrpromulgation'of the standards.  The development of international nomén-
tclatures, ciassifications, standard reference materials, etc. is usually an
Bl ’ _activity of.limited duration. When thiS'has been COmpieted--’after-a year
‘ or more.- the IRC may become a centrc For international consultation, if the
head of the centre grces The work of the collaboratlng laboratories may
then be rcgardcd as “ended exccpt that it may be practical to use some of the.

former col laborating laboratories for tralnlng, after consultation with WHO,‘

ool WHO is 1nterested in, and responsible for,. establishlng 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. It cannot, however, . asSume wider responsibilities
for _the. quality of materials commerclally produced than to recommend that they be tested
for conformlty to the recommended requirements and speciflcations. ‘Batches, after

testing, can be stated to conform or not, but statement of conformity cannot be

'"“con51dered as "WHO approval" for the product

) A standard is an authorized exemplar (model for 1m1tation) of a unit of measure-
,ment, e.g., the former standard metre. - A biological standard is established to
specify a bioclogical property, e.g., potency, in terms of a unit, as for 1nstance, units
of insulin. The term "standard", however, is ‘often used in the sense of 'uniform",
e.g., standard method. i :
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The main purpose of the dcvelopment of standard nomenclatures and
cla551flcatlons is to increase the comparability of thc studies of popula-
.tlon groups in dlfferent countrles. Thus a nomenclature or cla551f1cat10n
can usually be regarded as satisfactory for this purpese if it prcv1des for

90 or 95 per cent. of the situations in whlch it will be used.

Nomenclatures and clessifications must, before final acceptance by WHO,
e thoroughly studied to reduce variability both between different specia-
lists (inter-observer varlablllty) qnd by the same spe01allst on different
occasions (intra-observer variability), in order to determine their suita-
bility>for general use. It is better to have fewer but less highly
specified terms with higher intra- and inter-observer comparability than to
have more ahd very:specific terme and less combérebiiity.
(ii) Consultatlon (upon request of RRCS or, in their absence, of NRCs or

of WHO)

(1j Identification of strains, organisms, parasites; vectors, tumours,

" ete.
(2) Checking of accuracy and consistency of technical methods; etc.

(%) * Control of other recognized. standards relevant to the IRC.

(iii) Collection; production and distribution of materials (upen 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, histopathological

preparations, frozen tumours, kits, etc.

., This work is based upon the. acceptance of international standards and
'1nternatlonal reference materlals and may continue 1ndef1nltely.' However,

excessive demands on the services of the IRC should be avoided by.the work

and screenlng of the RRCs and NBCS. The costs 1nvolved in these actlvitles,

e.g. dlstrlbutlon, 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 bc madc to WHO of the work proposed in the
Letter of De31gnatlon and technical service agreement and of other relevant_
technical data,?such as strains of organisms identified and details of their
sourcesl and material collected and distributed. Data from them Wiil be
distributed by WHO to re}evant RRCS; 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 reSearch
traininérgrantces_and other trainecs. Training may start at an -IRC.at any
time after its designation but it iscpreferable to start it after a classi-
fication, ﬁechnique, etc. has been established. It may be undertaken in
RRCs or cecllaborating laboretorics with adequate facilities. ~Before a
fellowship or research tralnlng grant is awarded by WHO for study at an IRC
or arrangements for other trainees are made, acceptance of the prospectlve

trainec by the centre must be obtained.
(b) Duties . o

The duties of .the IRC and the activities of the -host institutios should not
be confdsed. - The duties cf the TRC must at all times be directly,related to the
burpose for which it was designated. The host 1nst1tut10n w111 ulmost certainly
carry out research and have clinical facilities and a library, '1t w1ll also
perhaps be entrusted with epldemiologlcal or other respon51b111t1es by the national
‘health authorltj. : These are not necessarily among the dutles of en "IRC or RRC
which has assumed international or rcgionaL'responsibilities for o%her relevant
‘ duties. However,'in certain scientific fields the close interest of the head
of the IRC or RRC in ‘the materlal recelved at ‘the centre has led to’'a broader
7approach to new problems 1nvolv1ng further collaboratlve and co ordlnatcd research

- among the IRCs and RRCS,

¢

' 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 institutionsA(see 4(iv)).
Reporting the presence and spread of a discase in a country is usually the responsi-

bility of the national health authorities.
6. CRITERIA FOR SELECTION OF AN IRC
(a) Subject

In the designation of a WHO-iRC for a particular subject, a majof~criterion‘
is the need, due to absence.or iﬁadequacy, of standard materials, classifications,
nomenclatures, rcagents, etc. for interpdtional purposes. . The present or future
importance or prevalence of the condition not already adequately studied, geo-
grabhical differences of prevalence, and the needs of WHO programmes should be

taken especially into account.
.(b) - Locality - .

The chpiée of locality depends upon the presence of a suitable rescarch
institution and the availabllity of, and ready access to, material.” " If there is
more than one suitable institution for a particular subject, geographical ppsition
should be taken into éccount and the concentration of IRCs in a few countries

should be avoided.
(¢) Institution

The most importantvsingle criterion in the choice of institution is the
ayailability of a man or woman of oufstanding professional capability in the
proposed subject, who will serve as head of the centre and who, with the insti-
tution,” will be rcsponsible to WHO for the IRC; his. acceptability to other
workers in the field concerned is also ésSential to ensure their co;operation.

An IRC cannot be designated until the head of the cehtre_is known and the consent

of the director of the host institute has been obtained.

Other supportihg factors which must always be ensured before the desighétion
of an IRC include: availability of other qualified professional staff; éctive

relevant rescarch in the host institutidn; certain basic facilities, such as
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laboratory space, technical and clerical staff, equipment, animal supplies
(if necessary), distribution resources, etc.‘ The -location of related d051gnated
and planned rogional and national reference centres will also be takcn into.

.-

account.

In selecting an institution to be designated as a WHO-IRC careful’considefa-

. tion should be given to the probable continuity of the respons1ble specialist ‘
officers. It is, howcver, important that the IRC should not be dependent
solely'upon one particular person if it is to continue with functions other than
those of definition. In other words, the proposed- host institution should be
sufficiently.lafge or 1mportant to ensure the continued activity of the IRC even
if the key person should cease to be in charge of the IRC or other spe01allst
staff be changed. In the-past, when a post which included that of the_head of
an IRC has had-to be filled, the host institutions have often kept in mind the
duties of the IRC.

'

The final selection of priority, subject, and institution and thé definition

of the precise duties of the WHO-IRC are made by the Pirector-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 centfeLVT’Onnyafter
the directorfs approval has been received is a letter of designation sent to.the head
of the future RC. ”This_letter elearly states the duties and responsibilitics of the
centre;and also WHO's‘responsibilityvtowards the centre, including any-annudl payments
to'beAmade hinHO 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 362 and 363, and is renewed annually, as

required, on the samec forms.

‘When a WHOTIRC with consultant and training duties has been designated, all WHO
regional offices arelinformed'and are requested to notify the goverrnments in their -
region of this designation, the duties of the centre, and the services available from

‘it to RRCs and NRCs.
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The dcs1gnation of IRCs with consultant duties will also be reportcd in-the

" WHO Chronicle with : statement of. the services avqllable ‘to NRCs-.
8. RESPONSIBILITIES OF WHO TOWARDS WHO-IRCs AND WHO-RRCS

Financial support

WHO's financial contribution to an IRC or RRC is intendcd soyely‘for the ‘work
of the reference centre. The WHO payment is intended to assist in the provision
of such items as additional equipment, technical, clerical er professional assistance;
facilities for iraining; . packlng and distribution of materials and 1nformat10n, and
any other expcnses directly related to the work of .the centre; 1t lS not intended to

‘replace any of the ex1st1ng financial support received from the host institute.:

WHO payments to. WHO IRCs and RRCs are generally for one yedr only.‘5 Continuing
future support may be foreseen, subject to availabilify of'funds, but this does not
imply any'commifment_on.the part of WHO. A new dgreement_is negotiated for each

year.

Co-ordination between RCs
For bétter co-ordination of the work, it may sometimes be necessary for WHO to
convene meetihgs,of directors of WHO-IRCs and of WHO-RRCs.

- 9. RESPONSIBILPTIES TO WHO-IRC OF HOST INS ITUTION

The host 1nst1tution will prov1dc to the WHO- IRCs, free of.charge, laboratory
accommodation and ba51c equipment bas1c services, and staff (which should already be
available) - This will be agreed with WHO in corrcspondence before, thu Qe51gnat10n

is ‘magde, - - 1?'
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SUPPLEEENTARX.INFORMATION FROM WMO ON AIR POLLUTION

" INTRODUCTION

" The pfoblem,of dair pollution has three main aspects':

1. The phenomenon itself : the sources of pollutants and their measure—~

‘ments, the dispersion of contaminants in the atmosphere, the physical

conditions under which the dispersion is possible or impossible, the

'self-cleaning mechanism of the atmosphere, the.variations in the concen-
tration 'of the pollutants, and so on. To learn more about the phenomenon

of atmospheric pollution would obviously lead to a deeper widerstanding
of the problem and a better knowledge of how to combat its effects.
Without this understanding all efforts would be in vain.

2. The consequences of air pollution, of which the most imporfant
directly affect living conditions and human health. But apart from these,
there is another consegquence, the significance of which, for its effects
on human life, most people do not realize - namely, pollut1on—1nduved
change in weather and climate. TFor example, atmospheric pollution on a
small scale both in time and spape, may reduce visibility, which could

in turn affect many human activities. large-=scale atmospheric pollution
may reduce solar radiation received at the earth's surface, through the
surrounding atmosphere; - this, in turn; may bring about an important
change in the temperature regime of the -atmosphere. The effects of the
eruption of Krakatoa, in August 1883, were powerful enough to. be felt for
over three years;  they included mean summerltemperatures,somq_2° to 3°C
below the normal for the month. Recent research in the Main Geophysical.
Observatory of Leningrad has shown that the average amount . of solar radia-
tion received has been gradually .decreasing since 1940. This may also be
attributed to the increasing pollutant-content of the atmosphere.

3. Prevention of air pollution. The ﬁroblem here is two-fold and can
be stated briefly as follows : : : : ‘

(1) - Prevention of air pollution in regions where sources of ‘pollution
already exist“(espe01ally in maJOr 1ndustr1a1 areas)

To this end we should perhaps cons1der the follow1ng p0331b111tles :
' (a); Appllcatlon of new technlques (fllters, very high. chlmneys, etc. )

in order to reduce the degree of ‘air: pollutzon as much as
possible. : :
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(b) Emission of pollutants into the atmOSphere only when feteoro—
 logical conditions permit, as for instance when a hlgh degree
of turbulence makes for rapld dispersal.

The first possxblllty (a) is of a purely technical nature whereas
‘the second (b) requires the application. of special meteorological
knowledge, both theoretical and experimental. It also requires
.accurate’ information only  obtainable from special meteorological
measurements. It is necessary for this. _purpose to forecast meteoro-
- logical conditions 'in order to know the outlook for the dispersal
“of the pollutants into the atmosphere some 8 to 10 hours ahead,.or
even more. Once again, such predictiona’ requlre sp601a1 ‘meteoro~
.‘loglcal knowledge and cannot be made in a routine way.

d'(2) .Preventlon of air pollutlon (or at least minimize it) in new indus-

'trlal areas, now being- planned or .to be planned 1n the future.
LA

Here we. should mention that before any rew 1ndustr1a1 areas are
‘planned ~ or any new 81ng1e plant, mlcrocllmatologlcal studies
| should be made of the. sp601f1c area. These ‘preliminary studies
" will help determine the zoneé to be 1ncluded in the. planning area.
. The selected area must then be tested in order to locate in '
- ‘appropriate places .all 11kely sources of pollutants and: so to
~f£ind the optimum- solution ensuring adequate living' conditions.
within the specific 1ndustr1a1 area planned before any constructlon
‘scheme is undertaken. . Yo

- A

.The report of WHO deals,mostlyiwith'the.second”aSpect of the problem,

. although the first and -third are given good coverage; however, we feel

. that recent meteorolog10a1 deveIOpments in the- fleld of air pollution
warrant some further dlscu351on. CLe -

: o N /T
Therefore, WMO's contrlbutlon“on thls particular subject includes some
_addltlonal con51derat10ns which may promote a better understanding of

the’ problem a8 a Whole in the 11ght of* new developments. -

Many essentlal activities in the developed and developing. countries cause-
atmospheric pollutlon. ‘The main sources are house-heating, generating
of electrlc power ‘and elimination of wastej ‘they also include specific
1ndustr1a1!1nsta11at10ns which may be factors in the pollution of specific

. areas but these factors may vary from one region to another and from one
" time to another, as well. (this‘point is very important). The increasing
. magnitude of air pollution problems within -the communlty result from new

economic developmente, such as industrlal complexes as well as new
residential areas. .
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In regions where the concentration of motor vehicles is high more sus-
tained attention is required to the air pollution caused by the internal
combustion-engine (including the Diesel engine),, which often assumes

‘considerable concentrations. Increasing energy requirements have led and

are still leedingetha*more:rapid.growth~in.the consumption of Diesel fuel,
for generators.: The aggravation of air pollution by sulphur dioxide -

which may occur-together with soot and smoke ¢an also be associated with
the increasing energy requirements. It is quite obvious that efficient
combustion practices can minimize the latter but not the former.

There are, of course, many other sources of pollutants, the so-called
natural sources" in which we may include volcanic eruption, cosmic

. dust, salt from sea water (after. the evaporation-of the small:sea water

droplets), smog from forest fires, carbon dioxide from various natural

sources especially from trees at night‘time, etc,, to name but few.

"'Scientists believe that the amount of pollutants from natural sources

is rather small ‘comparatively to that- from human. activities but this is
more an assumptlon than an ev1dent acknowledged fact in the’ present

‘state of our knowledge.

AIR POLLUTION MEASUREMENT

Air pollutlon measurement is’ well covered by the WHO report and there is’
little to add. However, a few words may be in order on the measurement of
pollutants outside polluted areas. For this purpose some so-called back-
ground stations:vShould .be established. These stations.could provide
information, by means-of continuous measurements, on thé general level

of contamination. of.:the atmosphere and determine long-term changes in the
chemical constituants of the atmosphere. About 50-100 background sta-

- -tions would be sufficient for the world-wide coverage of both ocean and

land .areas. With regard to land station density, each country might
establish one or two background stations to¢ conduct measurements of
contaminants at global levels. TFurthermore and according to the size

of the country other stations could later be added to make the same kind
of measurements.but at regional levels. These background stations could
be locatedras.far away as possible:from large urban and industrial plants
and should be :free of any influence from.small, local sources of air
pollution. ..The programme of work - for background stations-should include
weekly :average -concentrations of sulphur-dioxide from air samples as well
as the concentration of the major constituants 3, C1, NO3';'N, NHy - N,

- Ha, K, Mg and Ca from monthly precipitation samples. Heasurement of

carbon dioxide concentration at a few selected sites where representative
values could be assured, would also be desirable. The actual analyses
could best be carried out by a few analytical centres.
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'RADIOACTIVE POLLUTANTS

'The dlscovery of atomlc energy, -the 1nventlon of the atomic bomb and,

in particular, nuclear weapon tests, have faced humanity with the important
problem of. preventing contamination and pollution of the atmosphere. The
danger*has'become quite understandable not only to the scientist but to
the general public. Since this discovery much theoretical and experi-
nental research has been carried out. - The most important results of

the combined efforts of scientists in various countries are described
below :

: (a) Thanks to - the large amount of theoretlcal study carried out, it is

now p0351b1e to describe some processes of turbulent diffusion in
our atmosphere by mathematical formulae. On the basis of modern
. mathematics new theories have been worked -out; - these include the

theory of pollutant diffusion into the turbulent atmosphere, the
theory of  turbulent atmospheric flow round obstacles, and. so -on.
With modern electronic computers, it is possible to use these theo-
retical models, in some cases but unfortunately not in all,.and to

observe and calculate the behaviour of the contaminants and pollu-
tants emitted from isolated point sourcesy; and even from extended
.area sources, into the atmosphere. :

(b) The equation of turbulent diffusion has already been found. At

present it serves as a basic equation for theoretlcal 1nvest1gatlons
~.-1n this partlcular f1e1d of research. R ,

(e) The formatxon of particles in nuclear bomb debris has been considered
and the task of following up these formations after a nuclear
explosion involves long and intricate computations. The difficul --
~ties .are increased wen results are not widely distributed, Dbeing

- withheld for purely national interests. Consequently, the research

 worker has to content himself with mere evaluations and may have
to go on contentlng himself w1th these same approxlmatlons in the
future. . : . : .

.7'(d)A The mechanism of the transport of radioactive particles and debris- -

as well as of the other contaminants has also been studied approxi-
mately. It is considered that the wind is the main factor in the
‘_transport of particles and debris. It has now become possible to
calculate the size of the afflicted regions, by the speclal technlques
developed for the purpose.. . ‘ . oo
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(e)[‘Some work has been done on radidactive dust washout from the -atmo-~
' sphere. Sutton' 8 well-known ‘diffusion férmula was used as basic
lequatlon; “but it has since been'modified to yield the deposit due
.}to washout end, as a result, two formulae have been derived from it,
-one for 1nstantaneous p01nt sources and the other for continuous
_fp01nt sources._ U51ng these two formulae, suitable for either assumed
... or actual. condltlons, estlmates can be made of the hazard due to
'g-deposrted material or to the depletlon of alrborne clouds by removal
of radioactive meterlal. : :

'METFOROLOGICAL CCNDITIONS AND AIR POLLUTION

. The meteorcloglcal condltlone (most of’ them are mentloned in the WHO
: report) whlch ‘influence "the dispersion of atmospheric pollutants may be

comblned in formulae for the" calculatlon of concentratlone. However a

_ dlstlnctlon should be made between :

(a) Point sources,”such'as iSOlated ohimney stacks; and

'

_(b) Area sources, such as large urban commun1t1es.

v

:In both cases it is the wind speed -wind’ proflle, w1nd structure (tur-

bulence), atmospher1c stablllty ‘and’ the“roughness of the:ground .surface,

‘that are the most 1mportant factors in determlnlng ‘the dispersion.of
;pollutants.; In most cases’ these factors are used qualitatively only.

This is. true. especlally of wind structure, atmospheric stability and the

_}Aroughness of the ground surface. These threé parameters are inter-
_vrelated to some extent. Wlth Tespect to point sources: the - existing
‘qualltatlve methods for forecastlng concentrations expected:under various

meteorologlcal condltlons ‘can be regarded as useful. The effect of
vertlcal wind shear is not’ 1ncluded in these methods and- 1mprovements

._mlght be obtalned by the 1ntroduct10n of thls effect.

Another shortcomlng is the lack of a complete theory concernlng the rise

of hot plumes in the atmosphere. There is a feeling that a thorough test-
ing of existing theories would be very useful. A further difficulty for
the computation of concentrations orlglnatlng from point sources lies

" in the relations between maximum concentrations and sampling times. A

number of studies - most of ‘which" are theoretical - have been devoted

. to_this problem and 1t mlght be useful to append a survey of present—

day theorles.
|
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The problem of estimating the pollution level in cities is much more

" important and complex owing t0 increasing urbanization all over the

world. The same factors that determine the pollution level of a point
source are applicable although the roughness of the terrain is naturally

more important.. Information on wind profiles and stability in cities is,

as"a rule,; less readily available than for rural regions. ' Every possible
effort should be made to see that this information is as complete as-
possible. Stability can also be inferred qualitatively from diurnal
temperature variations, as well as from wind and cloud observations.

In principle, pollution concentration in cities can be determined with
order of magnitude accuracy, by use of computers. to apply one of the '
existing point source models to the various sources in the city and to
add the results. Such a procedure is only possible, however, if all
source..strengths of the city blocks are known. A better estimate of the
effects of the roughness of the terrain and the effects of traffic would
also be desirable. The'most'important objsction to the method is,
however, that all point source models fail during situations with weak
and varlable winds and it is especially under these circumstances that
the air of a city shows large concentrations of pollutants. =

Another possibility would be to investigate under what general meteoro-
logical conditions (characterized, for example, by circulation types
such as those which have been defined for Central Europe by Hess and
Brezowsky) high concentrations occur in urban regions. This semi-
empirical method has been investigated in a number of countries and it
is thought that it might be helpful in identifying meteorological condi-
tions conducive to high pollution levels. Here again the problem is

5tbatrconcentrations vary with sampling times. According to some computa-—

tions made, concentrations in large citieés tend to increase proportionally
with the square root of time after a sudden increase in stability.
Although this result was confirmed by the evolution of the air péllution
level during. the great smog in London (December 1952), it would be worth-
while to gather information on the correlations generally found between
concentration and sampllng tlme in cities.

FORECAST OF AIR POLLUTION -

"Two klnds of air pollutlon forecasts are now recognlzed namely :

(1) Cllmatologlcal forecasts for engineering design and town plannlng,

and : . !

(2) Synoptic forecasts for short-term alerts.
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_The usefulness of synoptlc forecastlng at present is. llmlted in most
countrles because no legal machlnery exists to enforce a reductlon in
emission when unfavourable meteox ologlcal conditions are forecast.
However, forecasts are varuable .in some countries for alerting various
agencies and encouraging voluntary control. National health authorities
may realize that many national Meteorologlcal Services are.in a position
to assist them in making forecasts of high pollution levels. Some -
examples of this forecasting assistance are given below :

In the Netherlands, critical pollution levels are attained only three or
four times a year, and so it is not easy to forecast pollution levels
.on a routine basis. . Hunicipel agencies continuously monitor the sulphur
dioxide concentration and, when it rlses beyond a cértain level they ask
for the guldance of the meteorolovlcal serv1ce..

In the Unlted Klngdom, dlfferent types of forecasts are 1ssued. One of
the London Hospitals is provided with" a speclal forecast when the Meteoro-
loglcal Office expects a concentratlon of sulphur dioxide in the vicinity
exceeding 1000 microgrammes. per’ oublc métre. This local forecast is

based on an empirical formula tbat has the follow1ng varlables H

(a) The intensity of the low—level inversion,
(b) The night minimum temperature,

(c) The wind .speed,

(d) ‘The amount of cloudiness.

If smog conditions are expected to persist for about 24 Hours; a warning
of persisteént fog is issued Yo the public and they are advised. to manage
their coal fires in. such a way asto minimize smoke emission.

‘In the United States,forecasts:of:"pollution potential' are made.with

the assistance of electrodonic computers at’ the National lMeteorological
Centér "pollution potential being the dispersion and ventilation -capacity
"of the atmosphere whether pollution scurces are.present or not. These
forecasts are based on a system which uses radiosonde lapse rate; rawin-
sonde average, winds in the lower layers, and "mixing depth" - the latter
being related to a forecast ¢f meximum temperature. Sometimes, when the
synoptic scale meteorolovlcel conditions are correctly forecast local
1nf1uences, such as terrain:features and lake-land breezes, cause ventila-—
tion and hlgh levels of pollutlon do not occur. . : :
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In many countries (including Canada, the Wetherlands, Sweden, U.K.,
U.S.A. and the U.S.S.R.) meteorological services are asked for advice
concerning location of new pollutant sources. Climatological. forecasts
are made by relating the emission rate and the height of the chimney to
the atmospheric dispersion factors and the climatological wind distribu-
tion. In this regard it would be very useful for more climatological
studies to be made of dispersion factors. .

SELF-CLEAVING OF THE ATMOSPHERE

There is no doubt that there exist self-cleaning processes in the

- atmosphere, though not much is known about them. This is at present a

notable gap in our knowledge of air pollution as a phenomenon. ' However,
we know something about chemical processes which can clean the air. -

.We also know that the dust in the atmosphere may very slowly descend

under the force of gravity, and we also know something about the proces-
ses of washout by atmospheric precipitations. But even this knowledge

is very limited. Particular attention should therefore be paid to the
study of self-cleaning processes of the atmosphere. If we gain such
knowledge, we shall be able to be more efficient in the prevention of most
.of the consequencies of air pollution. - : -

PLANT INJURY BY AIR POLLUTION

Plant life is greatly influenced by a number of air contaminants, some
of which may be present in the atmosphere in relatively low concentra-
tions. The susceptibility of different species and even of different
varieties of one sort of plant may vary considerably. However, surveys
have.shown that the economic losses, both direct and indirect, caused by
air-pollution injury to agriculture are extensive and are increasing in

- many parts of the world. To deal adequately with this particular aspect

of pollution the WMO Commission for Agricultural Meteorology has set up
a special working group which is mainly concerned with plant injury and
reduction of yield by non-radiocactive air pollutants. “Among the items
dealt with in the first report of this working group we may point out

The study of plant injury by air pollution is rewarding not only in itself
but' ih its application to various other air peollution problems. The fact

. that some- species of plants may be injured by certain contaminants: of con-

centrations too low for ready detection by present instruments or chemiceal
analysis is of value in identifying such contaminants. Zimmerman*

remarks that plants may be affected by ethylene at concentrations as low
as one part per 100 million, detection of which by chemists i8 extremely
difficult.

* Zimmeréan, R.E., 1952 : General Session on Agricultural Panel, Proc. of the
United States Technical Conference on Air Pollution, McGraw Hill Book Co.,
New York.
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. The symptoms on plants have. frequently been the flrst 1ndlcat10n of an
~air pollutlon problem in an area. ‘Since vegetatlon does develop charac—
uterlstlc readlly—recognlzed symptoms when exposed to’ low concentrations
‘of certaln air pollutants, it can serve as an indicator of air pollution
and as. a useful tool for fleld surveys. However, because the response
of a plant to a glven concentration is- hlghly dependent upon 2 host of
environmental factors, vegetatlon 1s not always a good monltor of alr
m:pollutlon.,,_" - :

”;Fleld surveys of vegetet ou have. & definite place in the. assessment of
rh;an air pollution problem. The llmltatlons of. such surveys are obV1ous
... but often 1gnored. The first limitation'is in our ability %o recognlze
..,and 1dent1fy the effects of only about five maaor pollutants i
. . dioxide, fluorids, ethylene and two members of the. smog complex Secondly,
We ‘are dependent upon the exlstence of susceptlble varletles, in g _sus-
_ceptible stage - of growth at the time of exposure to concentratlonsssuffl—
“:c1ent to affect them.. Thlrdly, a competent observer must be. 1n“the fﬂeld
~at the approprlate time. 1o Obgerve the symptoms after developm
~before the symptoms have been. obscured by other changes. We~ must alvays

_Lnykeep in mlnd that vegetatlon is a reoeptor of varlable response 'depending

n . ;st of prior condltlons.' Thé observatlon of 1n3ury 1dent1f1able

. as due'to a specific pollu,ant may demonstrate the ex1stence of a signi-
flcant air pollution problem. Failure to 1dent1fy such symptoms does not
. necessarlly mean that a 31gn1f1cant a1r pollutlon problem does not ex1st

"Plants also Late a uselul role as monltors of alr pollutlon., ”he “iimita~
.. tions. .are somewhat s1m11ar to the problems’ 1n~us1ng plants as a survey

, tool., We often thlnk of u31ng elther spe01flc native or speclally planted
plants as,a monltorlng 1nstrument.. Yet if we do not ‘take 1nto account

all the factors which can change the responseé of the plant < the instru-.
ment ~ to the pollutant, our data will not be reliable. In’ order to
prov1de Teliable.data, .the plant .monitoring system. requlres careful
‘;;serv101ng and protectlon,and the data derived must be’ 1nterpreted from a
full understandlng and evaluatlon of all the facto's_whlch could 1nflvence
response. - It is no .different than any other monltorlng 1nstrument in this
respect. g o , o

The use of plants as tracers of atmospheric transport and dilution is-of «---

T dnterest to the ‘meteorologist.. -Observations of plant ‘damage and meteoro-

logical ‘conditions sssist in ‘jdentifying sources. i This'is particularly
© useful when damage is cumulative (as.for example,‘fluorldes) - When source
em1ss1ons, plant damage and meteorology are all known, estlmates of dllu-

: ~tlon mechanlsms can Ybe formed.
.

o
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Effects of pollutants on plant growth and productivity

' Suppres51on of growth and reduced product1v1ty of plants by air pollution
is due in great measure to the ways in which contaminants affect the phy-
siology of the plant itself. These injuries interfere unfavourably with
some or all of the normal processes (such as photosynthesis, respiration,
transpiration, cell permeablllty, etc. ) essentlal for plant growth.

vPhotosynthesis is a process by which organic matter is produced from
carbon dioxide and water with energy from light. Reduction in the effi-
ciency of photosynthes1s results in less photosynthetlc products, which '

~constitute all the dry matter and product of the plants. -According to
Todd et al*, duckweed (Lemna minor) fumigated (i.e. exposed to pollutant)
‘with 0.2 ppm. of ox1dant**(oz>nated hexene) were. visibly injured and their
photosyntheS1s was reduced by about 10% after four hours, and 67% after
24 hours of exposure. Chlorophyll destruction which might inhibit photo-
synthe51s was 4% and 49% respectively. Duckweed fumlgated with 1.0 ppm.
of . ozone resulted in 5% reduction in photosynthesis after four hours, and
38% after 24 hours exposure. Chlorophyll reduction was 5% and 40% ‘res—
-pectively. This suggests that the type of oxidant may be a factor in
the reduction of photosyntheS1s and ultimately plant growth and product—
ivity. The same authors found that fumigation of lemon fruit with oxidant
‘resulted 'in accelerated respiration, the process by which organisms
utilize- photosynthetlc products to release energy for use in other vital
processes. ‘It is not known just how harmful is such stimulation of
respiration, but it certalnly does result in’ unnecessary consumptlon of
carbohydrates. Erickson and Wedding***, who carried out experiments in
which they fumigated lemna minor with ozonated hexene, state that '"the

" inhibition of photosynthesis was related in some way to the increase of

 permeability and ultimate death of the cells, and yet the degree to

which photosynthe51s was reduced was far greater than’ the change 1n

conduct1v1ty".-

According to Taylor****,'transplratlon essential for plant growth and-

development was reduced by about 25% when lemon cuttings ‘and lemon sczons
© were fumlgated Wlth artlflclal smog. . o

*¥*

* XX

e

Todd G W., Mlddleton, J.T., and Brewer, R. F., July 1956, Effects of Air
Pollutants, Callfornle Agriculture Vol. 10 No. 7, pages T-8..

In all comments on oxidant concentratlons, the values are referenced to
the neutral buffered potassium iodide method -of - measurement, expressed

.as ozone« } . .

Erickson, L. C% and Wedding, R.T., January 1956 : Effects of Ozonated
Hexene on Photosynth691s and Respiration of Lemna ninor. Am. Journal of
Botany, Vol. 43 No. 1, pages 32-36. ' '

Taylor, O. C., 1958 Air Pollution with Relation to Agronomic Crops'z
IV Plant Growth Suppressed by Expoeure to Air-Borne Oxidants (Smog),
Agronomy Journal Vol. 50 : 556~558.
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..Qrowth -of tomato,'alfaifa-and_endive'seedlihgs subjected to natural smog
was reduced even without discernible leaf lesions. Tomato seedlings

fumigated for three hours-daily with artificial smog also showed no

.visible injury, but suffered. a 49% reduction in growth rate during the

first day following fumigation as reported by Hull and Went*. Taylor*#*

;. reports that several varieties  of bean leaves suffered almost complete

destruction after being fumigated for one day with 0.15 to 0.20 ppm. of
oxidant, while petunia subjected daily to synthetic smog showed only
slight’ leaf injury, although its: rate of growth during three weeks ‘
exposure was reduced: to almost half, and the blossom initiation was
completely suppreesed.u Similar: results were obtained. w1th natural smog,
but with less damage intensity. . Sixty per cent of tomato blossoms failed .
to develop in natural smog; while plants kept in carbon filtered air -had
fruit for nearly all blossoms. When Lisbon lemon cuttings were fumigated
daily with 0.15 to 0.20:ppm. -of synthetic oxidant for three months, the
fresh weight of the portion above ground was. reduced. by aboutpSI%’and

'~ the dray weight by about 35% without-ever showing typical-smog injury,

although chlorosis.developed after about. two months. - One hundred thirty-
three leaves of the: fumigated plants dropped, butonly. fourteen leaves

were lost from those kept Ain unpolluted chambers..x-ua

~;Suppress1on of plant growth by sulphur dlox1de 48 due solely to the des~

truction of leaf tissue and the subsequent loss of an effective area to
continue photosynthesis. According to Thomas***,; as-a first approximation

< of the:few crops investigated, reduction in yield, expressed  as percentage
- of-theyield of an . uninjured crop,. varies linearly with the percentage of

total leaf area‘damaged at the time of fumigation. For alfalfa this

‘seems to hold true with fumigation at any stage ‘of :plant.growth,-~and the
. effects of multiple fumigation are additive, whereas for wheat, barley,

tomato, corn and cotton, the reduction in yield seems to depend rather
on the. stage of development of the plant at the tlme of umlgatlon. T

:.stage of plant development but a 407 reductlon 1n yleld, with all-“the
leaves being destroyed, ‘resulted from fumlgatlon at the "boot" to  "milk"

stages. ' Wheat yield reduction with complete defoliation at the time of
fumigation -varied from 8% during the seventh week to 35% during the tenth
to fourteenth weeks ‘of . growth.::..Reduction in wheat yield was almost - '
negligible when grown in soil sufficiently fertile.

L

* ¥

¥*¥%H

| Bull, H.M., and Went F.W., 1952 Life Processes of Plants as Affécted by
Air Pollutlon Proceedlngs of ‘the Second National: Alr Pollutlon Sympos1um,
Los Angeles 17, California, U. Seh.y pages 122-128 : :

Taylor, 0.C., 1958 P Air Pollutlon w1th Relatlon o’ Agronomlc Crops :
IV Plant Growth Suppressed by Exposure to Alr-Borne Oxidants (Smog),
Agronomy Journal Vol. 50, pages 556-558 . .

Thomas, M. D., 1958 Air Pollution with Relation to Agronomic Crops s
I General Status of Research on the Effects of Air Pollution on Plants -

'Agronomy Journal, Vol. 50, pages 545-550,

\
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Studies of the effect of sulphur dioxide on conifers are reported by
-Katz and MecCallum¥*, who report that trees with injured leaves were found

- thrée years later: to have a relatlvely\smaller growth.of foliage. .

- .Séverely. injured - trees suffered partial killing of limbs. Both Douglas
fir and yellow pine showed a decreased in height growth, -the. former to
.a greater. extent for about three years after being treated ‘with sulphur

- dioxide, after whlch‘they recovered substantially. C
Ixtensive damage to a . variety of plants can be .caused by. hydrogen fluoride.
According to Todd and Garber**, growth suppression occurs only with

. Vvisible injury as a result perhaps of loss of photosynthetic capacity.

" Considerable killing of leaves of several varieties of grapes, and a

.. subsequent reduction in growth resulted from fumigation with 10 ppb.

- “(parts per.billion) of hydrogen fluoride for a 30-day period. Gladiolus
-plants 'subjected to the same'fumlgatlon suffered a decrease in flower

~* production. Thomas and Hendricks**¥ report that abscission of leaves of

- "fruit trees such as: apple, apricot, plum, prune, peach and fig can . be as
- high as 25% to 50% when half the leaves are: injured with hydrogen
fluoride, occasionally with subsequent loss of fruit in the first year
.and failure to set fruit in following years. Adams et al**¥¥* found
that injured needles of ponderosa pine grew to only three-guarters" their
. ‘normal - length if -the injury occurred beforse they ware fully grown and
'3:that they had a shorter 1ife. span S :

AAcld aerosols and toxic mists produce small to large spots on the upper
surface of leaves and cause damage to fruit, while solid particles such

.« as carbon: and cement dust are sometlmes respons1b1e for soiling of

frults and vegetables.

*%*
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Katz, M. and McCallum, AH., 1952 : The" Effect of Sulphur Dloxlde on

_Conlfers, Air Pollution — Proceedings of the United States Technical

Conference on Air Pollutlon, Chapter 8, pages 84-94, MoGraw-H111 Company
Ino., New York.. . .

Todd G. W., and Garber, M.J., December 1958 Some Effeots of A1r Pollutants
on the Growth and Productivity of Plants, The Botanlcal Gazette, Vol. 120,
No. 2, pages 75-8C. : :

' Thomas, M.D. and Hendricks, R.H., 1956 : Effect on Air Pollution on Plants,

Air Pollution Handbook, Chapter 9, pages (9-1) - (9-44) McGraw Hlll Book
Company Inc., New York.: : R,

Adams, D.F., Mayhew, D.J., Cnazy, R. N., Richey, E.P., Koppe, R.K., = " *
and Allen, I. W., 1952 : Atmospheric pollution ,in the Ponderosa Pine’
Blight area, In. Eug. Chem. 44, pages 1356-1365
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. Crops toxic to man and to animals may be produced if the soil is
ffﬁ“contamlnated with matérials Iike'lead or ‘arsenic.:-Productivity is also -
~“ 1likely to decrease in such soil. - Uptake of lead from ‘the s0il by plants
© has been detected by Professor H.V. Warren of the University of British
' Columbia, and by Miss Helen Cannon of the U.S. Geological Survey:. Only

10-75 ppm. were found' in plants under normal conditions, whereas in
plants grown néar major'lead ofe deposits the lead concentration
increased 1o 4,000 ppm. High values were also found in plants grown
in a 01ty 'smog"" atmosphere, and in areas within 50 £t of a maln road.
The latterns belleved to be due to car exhaust pollutlon. L

"The papers of Guderian : et al¥ and Treshow** give excellent summaries on
recognition and ‘evaluation .of effects, and Landau and Brandt**¥*:discuss
_-’the problems -of assessing ‘economicloss. - - Dugger et al¥***¥ and McCune
et alamaRs present ‘some of -the’ problems of ‘agsessing phys1ologlcal and
. ‘biochemical responses. Some of “the ‘problems ‘of. evaluating.the influence
7 of other env1ronmenta1 factors on the response of plants to -air:- pollutants
'.are dlsoussed by Heck et’ al****** e . N N

* Gu&erian;‘R;,,H; Van'Hadt,‘and:H.;Stratmann5 1960 "Probleme{der
Erfassung und Beurteilung vor Wirkungeén gasformiger Luftverunreinigungen
auf die Vegetatlon”, Zeltschrlft Pflanzenkrankhelten Bd. 67, S. 257-264.

*% 5-5:Treshow, Mr., 1965 =« J. Alr Poll Cont. Assoo. 15 266 _
XK verandau, Bo and Brandt C. S 2 J. Amer. Statlstlcal ‘Assoc. - (1n press)

*%%*%  .Dugger, W.M., Taylor, 0.C., Thompson, c. R., and. Cardlff E.,. 13(9)
* . September 1963 ¢ The effect of Light on Pred1spos1ng Plants to Ozone
and Pan Damage, Jo Addr Poll., pages 63-87 . TR

KRR XK McCune, D.C., Welnsteln, L.H., Jacobson, J. S.; Hertagh A D., and
Hitchcock, A.E., June 1965 Paper No. 65-99 58th Annual Meetlng APCA,
Toronto, Canada. \

/

*%x%%% - Hock, W. W., Dunnlng, J.A., and Hlndaw1, I J., 1965 .<J..A1r Poll.;w
' , Control Assoc. 15 511. R ; :
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Thefoverall‘ecdnomio loss.from plant'injury‘by air pollution is unknown
and ‘perhaps even impossible to obtain, since apart from losses_incurred

by destruction of plants there are a number of direct and indirect losses

which it is hardly possible to estimate. For example, the extent of

reduced growth.is not known. - A small but perhaps significant reduction_‘

in @ssimilation occurring before recovery cannot be evaluated;. effects
of solid particules and their direct effect upon vegetation is of some
"concern, but little is known of the subject. It might, perhaps, at

times be possible to give a rough indication of the losses arising merely

from destruction of plants in specific instances. Brandt* gives a loss
of 6-10 million dollars annually for.California, in the Los Angeles
region. However, he remarks that '"the estimate does not include the

- - possible growth effects, the value of produce in backyard gardens, the

loss in ornamentals, or other marginal effects". Darley et al¥** estimate

that thére is an annual loss of more than 25 million dollars annually
~in the U.S.A. Thomas and Hendricks*** give losses to cotton in Texas,

-as a.'result of sprayingrice fields, at least 15-20 miles from the nearest

cotton field, as 200,000 dollars. In Canada, millions of pounds of
flue~cured tobacco have been rendered commercially valueless as a

result of oxidant pollution, being more than six million pounds in 1957.
The bulk of this loss occurred on about one-third of the total tobacco.-- .

acreage. One farmer lost two-thirds of his crop, wblle several others
" lost one-third to one-half of their crop.- - -

’ Although extensive observations have been taken and much proéress made,_

the fact remains that our present understanding of this subject leaves
much to be desired. There are many phases of air pollution.problems in

which our knowledge remains deficient. Neither the identities of most

airborne contaminants nor their exact effects on vegetation are as yet
known. Moreover,.the development of 'visible injuries - recognizable
necrotic ‘and/or chlorotic patterns - are not fully identified with

* %

* %%

Brandt, C.S., 1962 : Effects of air pollution on plants. Air pollution
Vol. 1, Chapter 8, pages 255-281, Academic Press - New York.

Darley, E., Dugger, W.M., Mudd, J.B., Ordin, L., Taylor, 0.C., Stephens,

E.R., 1963 : Plant Damages by Pollution derived from Automobiles. Archives

of environmental health, Vol. 6, pages 761-770. . :

Thomas, M.D. ana Hendricks, R.H., 1956 : Effect on Air Pollution on Plants,

Air Pollutlon Handbook, Chapter 9, pages (9—1) - (9-44) McCGraw Hill Book
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responsible air pollutanits. On the other hand, certain contaminants
are known to produce less well-defined responses ‘in growth rate,
flowering, fruit set and other physiological upsets. This type of
injury is more widespread than was commonly supposed. The readily
discernable lesions may be only a general indication and not a true.
measure of the total damage by pollutants to vegetation. Other defi-

. ciences arise from a lack of reliable and precise instrumentation

capable of sampling and analyzing the various chemicals and measurlng
the- essentlal meteorologlcal parameters 1nvolved
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