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Six papers were read at a symposium held by the Association ofPublic Analysts
at the School of Pharmacy, University of London, on 18 March 19'16. The
contents of these papers ate summarised in this and other issues of the

IS LAND DISPOSAL OF TOXIC WASTES A HAZARD FOR
FUTLIRE GENERATIONS ?

J. H. H.qllnrce

Dr Bernard Dyer and Portners,20 Eastcheap, London EC3

All living processes produce a waste which may become toxic if allowed to
accumulate, and in the same way industry, on which we largely depend for our
existence, also produces waste wl.rich must be disposed of.

The disposal of toxic waste is by no means a new problem and at one time
the local river was frequently the dumping ground. This was not always the
case, as I found quite early in my professional life when a farmer submitted a

sample ol yellow crystalline material which had been brought to the surface
following extra deep ploughing ol one of his fields. The material was found
to consist of T.N.T., and subsequent enquiries showed that it had been buried
there after World War I.

My second experience came just before the second World War when the
cellars of certain houses became flooded, during a comparatively dry spell.
Samples of the watei lrom the cellars were all found to be acid in reaction and
to contain both free suiphuric acid and free phosphoric acid. The presence of
these acids su-egested an industrial waste and after an exhaustive analysis
traces of lanthanum and other rare earths were established in the water. The
effiuent rvas flnally traced to a factory ir which minerals containing rare earths
were processed and whose waste had been disposed of for years on land that
lvas considered suitable for the purpose. Both methods of disposal were
clearly satisfactory initially, but subsequently gave rise to trouble.

In these days, many Public Analysts are called upon from time to time to
advise on the subject of disposal of toxic waste, and the volume of this work
has increased during recent years, follow.ing the Act of Parliament governing
this matter. Although few regulations have as yet emanated from Whitehall
and few official guidelines have been supplied, nevertheless, Public Analysts
have a duty to give their authorities the best possible advice.

The general strategy adopted at the present time by local authorities is to
dispose of the waste in such a way that it does not constitute an immediate
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hazard, to the public; while this is undoubtedly a satisfactory policy in the
short term, nevertheless, it may pose very serious problems for the future.
For example, disposal on land in relatively isolated parts of the country where
there is a thick skatum of clay is apparently one of the usual methods of such
disposal. The theory behind the technique is that if clay is of sufficient thick-
ness to be impervious to water then hazards arising from seepage of the waste
to adjoining watersheds and arable land is extremely remote.

In my submission we should be thinking further ahead and considering
whether or not we are in fact creating the "toxic barrens" ofthe future. There
is a misguided theory in some quarters at the present time that the soil will
purify anything, and that given sufficient time these disposal sites will be
converted into lush and fertile areas. This view is confirmed by the statement
that we hear from time to time from some disposers of waste that they are
not "dumping" but are in fact reclaiming waste land.

The point I would like to consider today is whether tiey are correct in
assuming that the soil is such a wonderful purifying agent. Clearly this view
comes about by the ready manner in which many putrescible organic substances
become decomposed in the soil. Indeed, normal fertile soii was largely built
up in this way; but the substances which decomposed in the soil were originally
of natural organic origin, The toxic wastes we are now considering and
which constitute a big problem are very different from natural organic
substances. Indeed, the very description of the subslances as "toxic" makes
this abundantly clear. Some specific examples will now be considered.

Toxic Metals

Toxic metals applied to a soil either in the liquid or solid form can only
accumulate in the soil. No natural purification process could possibly alter
their toxicity; at best a very chalky or alkaline soil could render these metals
less available to plant growh, but, nevertheless, a toxic hazard still must
remain. We have had abundant examples of this in the build-up of toxic
metals in sewage farms and in the areas where vast amounts of sewage sludge
have been deposited. Such substances deposited on waste land, therefore,
can only remain as a hazard for all time.

Acid and Alkalis

Every year vast quantities of liquid waste containing acids and alkalis are
disposed of on land and in some disposal areas the wastes are kept separate.
What is the fate of these substances in the soil? Most soils have the capacity
to neutralise a substantial amount of mineral acid but saturation point is soon
reached and a significant excess of acid remains in the soil. This acid in due
course must form an acid clay and the point arises, will the resulting acid
clay behave in the same way as ordinary clay from the point of view of water
penetration? Also, what happens to the ever-increasing amount of free acid
which must ultimately remain in these tips?

Similar remarks clearly apply with regard to free alkali wastes and we are
faced with the situation of soils with either a low or a high pH which are quite
useless from the point of view of any plant growth.

i
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If an alternative procedure is utilised whereby the acids and alkalis are

mixed, then the ultimate effect is to build up a heavy concentration of water-

soluble salts in the soil. Plants in general are very intolerant of even low

concentrations of water-soluble salts and here again we have all the makings

of a "barren area" which is all too familiar in some parts of the world'

Toxic Organic ComPounds

Organic compounds of an objectionable nature will be included in a number

of toii" *ast"t-und once again the problem arises, will they decompose in the

soil? It is sometimes assumed that fertile soil is capable of breaking down

uou o.suni" compound mainly by bacterial action; to a limited extent this is

t.r" b'it for the successful destruction of such compounds in this way two

factors are necessary.
1. The compoun-d should be distributed at a very low concentration in the

too soil.
2. The sojl must be given sufficient time to build up the necessary organisms

which can destroY such comPounds.
There is a wealth of ixperience to show that some compounds are extremely

difficult to break down in this manner. For example, some of the weed

killers remain in the soil for several years and we know from somewhat bitter
expedence that some organic pesticides such as dieldrin may remain in the

.oil fo. -uny years, and it must be remembered that this is under ideal

conditions wireie a few parts per million of the toxic compound only are

Dresent. It is abundantiy clear that if relatively large amounts of these

substances are involved then decomposition will be excessively slow' Some

years ago a limited series of tests were made with organo-phosphorus com-

pounds'in soil, added as waste materials, and these were surprisingly slow to

decompose.
Wittr ttre type of waste disposal that we are considering at the present time,

in all probabiiity the very nature of the wastes will render the soil nearly sterile,

the beneficial bicteria hiving been killed ofl' Moreover some dumps must of
necessity become waterlogged in the lower depths from the amounts of waste

continualty applied. Again, we all know how difficult it is to break down

significani deposits of mineral oil or tar in sub-soil'

Eflect of Anaerobic Conditions

We also have to consider the type of tip in which househoid waste forms an

absorbent for large quantities of liquid waste, and to ask ourselves whether

this is a sound proposition. Fuel ash in the household waste is usually

alkaline and would assist in neutralising any acid wastes applied, but the

problem of waterlogging in the bottom layers is another matter'
These layers muit-be completely anaerobic and we all-know what happens

when organic matter is deposited on the bed of a lake and the vast amounts of
sulohidei which are produced. It is conceivable that at least a part of any

sulphuric acid waste applied in this manner will end up as sulphide. We

haie ourselves found dilute yellow ammonium sulphide running out of the

F--
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bottom of one tip. It is also probable that many organic materials such as
tar would remain unchanged at the bottom of a waterlogged dump.

There is a possibifity that waterlogging may give rise to other hazards.
For example, there is the possibility that both arsenic and phosphorus com-
pounds may give rise to their poisonous hydrides under such conditions.

In conclusion, I would say that the majority of local authorities have tackled
this extremely difficult problem very well considering the limited knowledge
which is available on the subject, but considerable research is needed into the
whole problem and this clearly can be carried out only with help from central
Government. Those concerned with these problems should consult the
document entitled "Programme of Research on the Behaviour of Hazardous
Wastes in Land Filled Sites. Interim Report on Progress, September 1975",
obtainable from the Department of the Environment, 2 Marsham Street,
London SWl.

THE CONTROL OF POLLUTION ACT*TIIE NEED FOR
SCIENTMIC AD}'ICE

A. J. H,c.nnrsoN

Aton County Scientific Serytices, 

SCa 
ynge Hall, I{hatley Road,

Concern for the state of the human environment was clearly reflected in the
evidence presented by the United Kingdom to the United Nations Conference
in Stockholm h 19721.

"Part of the threat to the environment is pollution. So large in volume
and so complex in nature are man's wastes becoming that they threaten in
many areas to dirty the air and foul the water to a point where these common
assets are no longer fit to be used. Great lakes and parts of the seas are so
poisoned by industrial waste that they ca no longer sustain fish-or, if they
do, it is not fit to eat. At the same time, man's greatest monument, that
complex agglomeration of people, buildings and transport systems which we
call the City is becoming progressively less manageable".

The United Kingdom view sternmed largely from the first Report of the
Royal Commission on Environmental Pollutionz under the chairmanship of
Sir Eric Ashby, which had been established by Royal Command in February
1970. In this Report, the Commission summarised the national and inter-
national situation, recognising that, whilst such evidence as was available at
that time gave no cause for immediate alarm, there were no grounds for
complacency. The Commission outlined a series of priorities which it con-
sidered should be investigated if we were to "strike a balance between the
benefits gained from economic and technical achievements and what is being
lost in terms of deterioration of the environment". The choice of priorities
was between pollution of air, the pollution of land by agriculture and waste
disposal, the pollution of fresh and sea water, and noise.
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On the question of qualifications and training for those who monitor the
situation, the report drew attention to the wide variation in technical com-
petence for the implementation of control systems (particularly among smaller
iocal authorities), and to the apparent lack of communication between small
units and more experienced sources of scientific and technical knowledge.
These are vital factors when, in order to assess changes in the human environ-
ment, it becomes necessary to monitor with only limited resources' It is

most important, therefore, that the available resources should be used

effectively.
The Royal Commission published its second Report3 in March 1972, and

raised three issues; (a) the confidentiality of information on industrial effiuents

and wastes, (b) the need for an early warning system about the possible impact
of new chemicals on the environment and (c) legislation to control the tipping
of potentially dangerous waste on land. Within one month, tlile Depasit of
Poisonorc Waste Act 1972a was published and local authorities were, for the

first time, speciflcally involved over the true nature of wastes which were being
tipped in their areas. The DoE CircuJar 701725, however, drew attention to
tlie point that "in particular, the quantity of the waste which was involved, as

welfas its nature and chemical composition, needed to be taken into account".
The legislation relies very heavily upon a notification procedure, and hence

upon the integrity of the depositor. Its implementation by 1oca1 authorities
has varied enormously and there have never been firm guidelines or adequate

resources for effective enforcement. Nevertheless, the legislation has served

a useful purpose in alerting industry to the needs of society and improving
attitudes to the necessity for controlling the disposal of waste'

A Report concerning the pollution of estuaries and coastal waters was
published by the Royal Commission in September 19726 and it proposed that
ihe very onerors responsibilities for monitoring this situation should rest with
the Regional Water Authorities. One statement made in the Report is,

however, worth mention. It was, "Monitoring in its simplest form requires
repeated measuremenl of hotv much of a particular kind of pollutant is present

in various parts of the natural environment, so that change can be detected".
In 1974, almost coincidentally with the reorganisation of local government,

the Control of Potlution Act 19747 was enacted, consolidating many of the
proposals which had been made, and co-ordinating much of the hitherto
unrelated legislation which had served to control pollution. Consequently, it
too had a bearing upon the general human environment. The main provisions
of the Act set out to control the disposal of solid waste on land, noise pollution,
the pollution of water and the pollution of the atmosphere. Also in 1974, the
Royal Commission published its observations concerning pollution control8,
reviewing progress made since the publication ofthe first Report, and the needs

for the fuiure. In considering staffing requirements, their qualifications and
organisation, the Commission could see no immediate problem in central
Goverrunent departments, but nevertheless it considered a review to be
necessary. At local authodty level, the position was thought to be less satis-

factory. Attention was drawn to a deflciency in the number of environmental
health officers who were nationally available, and to the need to recognise t}te

l"
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increased demands which would be placed upon those involved by the intro-
duction of the Act. In England, County Councils are generally responsible
for the disposal of all types of solid waste.

The Commission drew attention to the fact that waste disposal authorities
had a duty under the provisions of the Act to make a survey of all wastes
arising in their areas and to draw up long-term disposal plans. It was con-
sidered essential that "disposal authorities should be able to call on staff with
sufficient expertise to be able to decide whether any danger would result from
the deposit of toxic materials at particular sites". It did not consider it
desirable that the disposal authorities should rely exclusively upon the water
authorities as sources of expert advice in these matters. For safe disposal, the
Commission felt that it was necessary for licensing authorities to be able to
call upon "a wide range of experience and scientific knowledge" and added:
"We suspect that it may not be feasible for the smaller authorities to establish
teams with the necessary range of skills, and we see here scope for collabora-
tion between authorities and the pooling of knowledge and expertise".

Referring to professional institutions, the Commission recognised the need
for approved qualifications for staff involved with pollution control, and it
recommended that consideration be given to more specialisation by environ-
mental health omcers to enable more staff to concentrate on pollution control
work. The possibility of establishing a professional diploma in pollution
control was proposed. This was seen as an additional qualification for
professionally qualified scientists and engineers and could in time become a
statutory requirement for the administration of environmental protection
legislation, as with the qualifications ofa Public Analyst in relation to the Food
and Drugs Act.

Concerning monitoring, the Royal Commission stated: "Monitoring of
pollutants in the environment is essential to provide the factual basis for
decisions on standards and controls". It also stressed the need for a uniform
approach, ultimately on an international basis. In particular, the report
highlighted the possible waste of costly monitoring resources which might
result from random and uncoordinated data collection.

The Department of the Environment have now produced five Reportse
about monitoring the environment and the strategy for co-ordinating the
many activities in this direction. The main theme throughout these Reports
is centralised co-ordination of national effort (largely applied at 1oca1 authority
level), and they deal with all aspects of monitoring pollution of air, water and
land. In the latter connection, reference is made to pollution of foodstuffs by
heavy metals and pesticide residues, and to the concentration of such materials
in animal tissues used for human food. The incidence of lead formed the
basis of the second Report, and the non-agricultural uses of pesticides thai of
the third. The fourth Report, entitled "Controlling Pollution" summarised
the progress which has been made since the flrst Royal Commission Report,
and the objectives for the future.

Summarising, therefore, all these Reports stress the need for overall co-
ordination by central govemment, but with day-to-day control at loca1 authority
1evel, and they look forward to an adequate level of expertise at both national
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and local level in order that these functions may be carried out properly. There
is particular emphasis upon the need for harmonised methods of analysis in
order to achieve effective control and full value from accumulated data' This
latter point is emphasised strongly in the first Department of the Environment
Report concerning monitoring.

Both Counties and Districts in England therefore require day-to-day scientiflc
advice on a wide range ofpollution matters covered by the Control ofPollution
Act 1974, and the division of responsibilities may be broadly identified as

follows:
Waste disposal -CountY 

Councils
Water pollution 

-Regional 
Water Authorities

Noise -District 
Councils

-County 
Councils (highway noise control)

Air pollution 
-District 

Councils

-County 
Councils (motor fuel regulations)

The Royal Commission and the Department of the Environment in their
reports have repeatedly drawn attention to the need for high levels of expertise
in all those who become involved in the provision of comprehensive pollution
control. It is significant that neither body has apparently considered the
provision of day-to-day scientific advice to the local authorities, in spite of the
clearly identilied need. An authority may not be aware that it has a pollution
problem until it has made investigation, identilied a pollutant and, more
important, has some knorvledge of the pollutant's concentration. The latter
requirements can only be met reliably by using the services of an analytical
chemist, who is famrliar u'ith the precautions which must be observed when
trace contaminants are under consideration.

Such knowledge olanalytical chemistty is already available at County Council
level since the authorities are statutorily bound to appoint both a PubLic

Analyst and an Agricultural Analyst. The qualifications for such appoint-
ments are laid dorvn in Regulationslo made under the Food and Drugs Act
1955. A Public Anall'st thus must have the post-graduate qualiflcation of
Master of Chemical Anallsis, rvhich embodies all the requirements laid down
in the Regulations. In 1968, the Royal Institute of Chemistry, which has the
responsibility for conducting this examination, widened its syllabus to keep
pace with the incleasing demand for a more comprehensive range of scientific
services from Public Analysts. A further revision occurred in October 1974,

to embrace a total of thirteen enactments, including the Deposit of Poisonous
Waste Act, the Water Act and the Public Health Acts. The revision high-
lights the fact that Public Analysts are in a position to deal with problems
arising from pollution of the environment and that the candidate is required
to have "a knowledge of uses and hazards of dangerous chemicals which may
be found in industry, agriculture and commerce-including toxic waste-and
an ability to give advice on a wide range of scientific problems with which a
local authority is now likely to be concerned".

Being established at County level, a Public Analyst is able to provide
scientific advisory services both for Counties and Districts within his area.
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By consolidating all scientific demands on one laboratory in each County,
effective use could be made of analytical expertise and might provide justiflca-
tion for the purchase of the expensive instrumentation necessary for effective
pollution control. Central government's concern for the harmonising of
analltical techniques and interpretation would be largely met since, through
the Association of Public Analysts, a network of some 50 local authority
laboratories would be harnessed, most of which have some 100 years of
accumulated experience and are already used to working in close co-operation
with each other. The problem of achieving standardised or comparable
methods of analysis could thus be accommodated, and the necessary communi-
cations network is already established.

One attractive bonus at the present time is the economy in these proposals.
These laboratories exist and are already local authority maintained. It is
interesting to note that the fifth and most recent report of the Royal Com-
missio#l, which calls for an integmted system for pollution control, proposes
the establishment of a new central inspectorate (Her Majesty's Pollution
Inspectorate) to replace and expand the duties ofthe present Alkali Inspectorate.
Scientific services have been supplied to that Inspectorate in the past by the
Laboratory of the Government Chemist. There is a traditional link between
Public Analysts and the Government Chemist, in connection with the enforce-
ment of Food, Drugs and Agricultural legislation, and further co-operation
would be completely in tune with these proposals.

The provision of scientific services from a small number of local authority
laboratories has the additional advantage that the Scientific Adviser in each
case would be aware of the consequences of action taken elsewhere. An air
pollution problem in District A will not stop at the boundary of District A
but will go on to affect Districts B, C and D. Activities at both County and
District levels may also have implications for the water authority.

Local authorities at the time of reorganisation failed to recognise the growing
need for scientific advice despite a suggestion from the Royal Institute of
Chemistry that Public Analysts should be additionally appointed as Scientific
Advisers to their local authorities and given much wider terms of reference.
However, many Public Analysts were additionaily appointed Scientific Adviser
and, in those instances, provide scientific services in connection with pollution
matters. There is a need at the present time for initiation of a dialogue
between the Department of the Environment and the Association of Public
Analysts in order to harmonise national and international approaches to the
analytical aspects of pollution control. There is a need for 1oca1 scientific
support in administering the Control of Pollution Act. The quality and
reliability of the advice wiil be fundamental to the success of this compre-
hensive piece of legislation. The highly emotive issues surrounding pollution
are essentially the concern of 1oca1 authorities who, at the end of the day, will
be left ,trith 1oca1 problems to solve, with all the political, emotional and
financial limitations of the local community.

There exists now, a network of highly skilled 1oca1 authority laboratories
which are geared and qualifled to deal with these matters, The same labora-
tories have provided virtually all local scientific services to date, and would be
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well able to do so in the future, provided that modest resources (which would
be less than those required for any other system) can be made available.
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SOME GI,]IDELINES ON THE RE.USE OF INDUSTRIALLY
CONTAMINATED LAND

W. B. CHAPMAN, P. BAKER AND D. BURNS

Scientific Branch, Greater London Council, County Hall,
London SEl 7PB

In contrast to some of today's speakers, who are discussing the type of
control which can be exercised in the disposal of potentially toxic materials,
we consider the problems that face a 1oca1 authority which needs to develop
areas of land which may have become contaminated by controlled or un-
controlled industrial use, tipping, etc. This is Iikely to be an increasing
problem in the future, particularly in large urban conurbations, because of
the scarcity of what may be termed "virgin land". Local authorities are
having to look more and more to areas ofland which have been used previously
by al1 types of industry, for the development areas they need. A number of
industries, particularly some of the long-established ones, are able to release
land which has been rendered superfluous to their futue requirements by
modern technology. Typical of such sites are old gas works and land used
for sewage farming. These sites may present possible health and safety
hazards unless some study of the cordition of the site is made before using
them for housing, schools, etc.

Our comments are based upon the experience we have acquired in the G.L.C.
from the consideration of a number of sites of industdally-contaminated land.
They are not meant to be exhaustive but cover a fairly wide range of problems
which have arisen in the London area.
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Possible Risks

Before commenting upon the mechanism by which such studies may be
carried out, it may be useful to seek to classify the hazards which may arise.

A. I{ho or llhat is at Risk
l. Constructionworkers.
2. Eventual residents (of housing) or users (of schools, etc.) including

particularly "sensitive" groups in the population and neighbouring
residents, etc.

3. Animals, plant 1ife, including aquatic life.
4. Building structures, etc., e.g. by conosion.

B. Type of Risk
l. Physical:

2. Inhalation:

3. Direct ingestion:

4. Indirect ingestion:

5. Contact:

(a) explosion;
(b) subsidence.
(a) dust,
(b) toxic gases.
(a) from flngers, etc. (particularly children);
(b) contamination of food.
(a) uptake of toxicants by edible plants;
(b) contamination of environmental waters.
(a) skin irritation, etc.;
(b) retardation or death of plants. etc. by contact

with contaminated soil;
(c) corrosion of structures (metal, concrete, etc.).

A more detailed classification could also be based upon the contaminants
which may be present in the soil, lvhich could be responsible for potential
hazards. This classification is discussed later, in relation to the types of
examination undertaken on samples.

Mechanism of the Study of a Site

In order to assess the potentlal health and safety hazards of a particular
site, a considerable amount of information must be acquired. Methods of
obtaining this information include the following:

(a) History of site:

(b) Visual inspection:

(c) Tests on readily
accessible materials:

(d) Tests of materials
after borings, digging
of pits, etc. :

from previous occupiers;
from library records, archives, etc.
direct-e.g.. obvious contamination :

indirect appearance of plant life, water
courses, etc.
ambient air, e.g., mercury vapour;
surface water, e.g., ditches, pools, etc.;
surface soi1.
gas analysis;
water;
soil.

(i)
(iD
(D
(i,

(i)
(iD
(iii)

(0
(ii)

(iir)



I -: ,

Er: iiEi i

5€fi-EE': I i
a4P !i! I I:E! EE'-I I

o dael Ilt -------- _ -FrE
Li ; r: E lcE" Eqli I ii:u;!:;-i; 'e -; I :r:gEEi2 E! r; ;E i51.5fljI::iiilii tlaEEEl;

--'-a---:-

! r e efl i E E

;--: I EiPq r -Y :
!;E | :!:! I 99Eg
;:i I;E3;; I E:EEE!i rE'EEEp riE!ib9P , HEE!!E i=e55

E tE I

!E rq ggr ! t
-H ' i ao; l-
lr9 I { .EI. ,: E:-ii: i:;i! iiaiiE:!g €;{ii rii !i.!F;,. r-*-q-;jj rS.P Ssi ,

o I - N.s l-!-------t-7-----l-;--
: | : e! I E

i 1E:'- i-!-,,
--n | ! e; :o6bq:! 19 99 l:;E:;
!s r;!:; i!E:;I-- riaii r=s55e

rEo=,98.8 ;:sg-; i+g: :,Ei iA!i. :-; -
_ oqEqa

ai r!{ {E{e llipiB3" i flEllig li5;iE
--- - ----r- - ---- - -i---- -
r- I i | 4:5 : I 9 I h:* ;E r E i E

-EE-8oo I b t E:E EH r ? I E

{' I < 
|

,.

I
e

f

.!

9

a

E

.a

E

5r!
9';

:E
",e
Ei
EA

a

: 3A

;
-3

E

let:l.
I

I

I

l

I

J

I

E Li-i€
I lr :d

FIzl
I

I
I

I

I

I

I

I

I
I

PPra

E6Srr.
d *i

P.i e

oS;
3 >E

9 Ei E

d:t E

l*q :

3E I E
cqE l

N EP ;

nz!EIi
6EP5:E

z



12 Toxrc wAsrE AND ENVIRoNMENTAL por-r-urroN

Before relatively expensive testing under (c) or (d) is undertaken it is useful
to obtain the maximum information possible from (a) and (b), since these
can often help not only in the interpretation of any results from tests but also
in deciding which particular tests or areas require urgent attention, in order to
meet the construction prografirme.

In planning the assessment of a site, it is beneficial to ensure that decisions
on particular aspects are taken as soon as adequate information is available.
To aid this type of approach the simple "decision tree" shown in Figure I
indicates a method of working which has been found useful.

Sanpling Strategy

In the above mechanism, mention has been made of samples at specifled
intervals and it is worthwhile to look at the sampling strategy. In sampling
agricultural land, the assumption is generally made that reasonably-sized areas
of land, say a field, do not vary greatly in composition from one part of the
field to another. The sampling strategy is designed therefore to obtain a
number of samples (say 25) distributed fairly evenly over the whole area and to
mix these to give one composite sample which may be used as a basis for any
advice on type of crops or treatment, etc. The objectives when sampling
industrially-contaminated land are diff'erent and differing sampling strategies
are necessary. It is important to know, for example, what variation can occur
in the concentration of contaminants from one part of the site to another and
to know the deptls at which the contamination is present. Average concentra-
tions for the whole site are less important than the highest levels of contamina-
tion which may be present on the site. In addition, because the land may
have been used for specific purposes, the variation from point to point cannot
be assumed to be insignificant and small pockets of contaminants may well be
distributed irreguiarly across the site. To meet all these points, whilst at the
same time attempting to keep the amount of testing and its cost within
reasonable limits and yet to obtain adequate information for the initial
investigation ofthe site, we have found that for relatively clear sites (other than
"virgin land"), boreholes or pits on about a 100 metre grid across the site are
an ac.eptable compromise, provided that any areas visually identified as being
of importance are investigated in more detail. With land which is initially
known to be more heavily contaminated, or which the above 100 metre grid
testing indicates a need for more extensive sampling, boreholes on the basis of a
50 metre grid are undertaken. The depth to which such borings are taken will
depend upon a number of factors such as the initial levels of the land, the
eventual levels of the flnished development, expected presence of trees,
possibility of growing edible crops, use for grassing on1y, expected hard core
areas such as roads, concrete structures, etc. Generally, where relatively low-
rise housing is concerned, which usually involves the possibility of vegetable
growing, samples down to at least one metre below either the initial or the final
level of the ground is essential. Deeper borings are often advisable especially
on heavily contaminated land, and are particularly important if trees are
likely to be needed, since the roots of some of these may reach 5 or even 10
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metres. In relation to the actual sample, we favour spot samples at different
levels rather than, for example, a composite sample representing G-0'5 or
0-1 metre. No sampling strategy, short of an examination of the site so

complete as to be inordinately expensive, can guarantee not to "miss" a local
pocket of contamination. For this reason, visual observations during boring
and digging operations are a most valuable additional safeguard. If it is not
possible to arrange for scientiflc staff to be present at all times during such

operations, it is most important to ensure that any unusual factors are noted
by the contractor undertaking the sampling, and that the scientist is informed
immediately so that the regular sampling suggested above can be supplemented

by any other "spot" samples considered necessary in the light of the site

condition discovered.
Although the above sampling strategy is developed principally for soil

samples, similar considerations apply to water sampling. In addition, con-
sideration needs to be given to ambient air testing for dust or specific materials
such as mercury. For water sampling, it is usual to obtain samples of water
from each borehole, as far as is practicable. This sometimes necessitates

deep boring, depending upon the water table. These samples should be

supplemented by samples from any surface water (ditches, pools, lakes, etc.)

which is present on the site, or which develops during building operations. It
should be noted that specialised equipment and techniques are necessary to
obtain representative water samples and the involvement of scientific staff in
the sampling is essential.

To summarise, it cannot be emphasised too strongly that a few random
samples taken from a site can be grossly misleading' It may lead to either
unwarranted confidence in the absence of significant contamination or to an
unnecessariiy gloomy picture of the degree of potential hazards present.

Only by a planned sampling strategy coupled with careful observation of site

conditions can adequate information be obtained with the minimum use of
costly sampling and testing resources in order for an assessment of health and

safety risks on the site to be made.

Type of Examination

Having decided upon a general sampling strategy we need to identify the

tests to which the samples are to be submitted. It would be economically
impracticable to cover all possible contaminants for even one sma-ll site and
an acceptable compromise must be made. One of the types of site which is

becoming available is land used in the past for gasworks, and therefore a

search for potential dangerous substances derived from the gas industry is an
obvious firit approach. Soii samples have therefore been examined for coal
tar, phenols, cyanides, complex cyanides such as ferrocyanides, thiocyanates
and iulphides. Another class of potential contaminants from a wide range

ofindustdes comprises the toxic metals and included in our search for contami-
nants are the elements arsenic, cadmium, copper, lead, mercury, nickel and
zinc. In the case of zinc, nickel and copper, a major consideration is their
effect on plant growth and therefore the so-called "available" amount of metal
is of particular lnterest (as well as the total present). In the case of the other
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elements, their human toxicity is the major concern and total concentrations
are more significant.

In a simple, rather crude attempt to cover a range of contaminants of
unknown composition, we also carry out "germination" tests on soil samples.
This consists ofexposing a number of grass, mustard and cress seeds, supported
on a portion of the soil sample kept continuously moist, to normal daylight
and laboratory temperature conditions and recording the appropriate percent-
age of seeds showing germination and growth in comparison with suitable
controls, during a three-week period. Other tests on soils include sulphate
concentrations and pH, particularly aimed at the possibility of corrosion of
concrete structures.

Water samples are, in general, tested for similar contaminants but, in addition,
such parameters as dissolved oxygen, B.O.D., permanganate value and other
indications of water pollution such as ammonia, nitrite and nitrate are also
determined as well as mineral constituents, e.g. hardness, which may indicate
contact with building materials, etc.

Ambient air samples have been tested for dust concentrations and for
individual elements such as lead, mercury or cadmium, since the level ofthese
may be completely independent of particulate matter.

This list is by no means comprehensive but covers a usefully wide range of
possible contaminants. If particular information is available about a site
which indicates that possibly dangerous contaminants may be present which
would not be detected by such tests, additional work would be undertaken.
In particular, a general qualitative and quantitative examination of any
unusual-looking material exposed by borings and building operations is
attempted with a minimum of delay so that further work can be initiated as
soon as practicable. For this purpose, good liaison between site personnel
and scientists is vital. No doubt, many of you may choose other parameters
to assess contamination but we attempt to undertake all the above tests on the
initial survey in order to obtain as good coverage as is possible within acceptable
economic restraints. Subsequent work may, of course, be concentrated on
individual aspects but the initial wide search is considered essential.

Interpretation of Data
Having indicated the sampling strategy and the types of examinations which

are undertaken, I would now [ke to turn to some of the considerations which
affect the interpretation of all this data. The reaction of different individuals
to the same dose of a particular substance can vary considerably and in some
cases enormously. It is not possible to state categorically that a particular
concentration of a specific contaminant is hazardous. However, if the data
on a site are to be interpreted at all, some guidelines must be evolved for
assessing the hazards arising from the actual concentrations found. The
drawing up ofthese guidelines, and their application to results from a particular
site, must be guided by medical opinion. With some exceptions, chronic, as
distinct from acute, toxicity is likely to be the limiting factor in setting such
guidelines. In addition, they must have regard to the persons at risk. For
example, the same guidelines are not applicable to construction workers who

(Lt-
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are exposed during 40 hours a week for a comparatively short period, as are

appropriate for a resident population, including children, who may be exposed

continuously during their whole lives. In establishing such guidelines four
types of considerations arise, as follows.

DIRECT INGESTTON

In considering the hazards from direct ingestion of the soil, it may be

instructive if we consider lead as an example. The relationship between an

acceptable level and the actual daily intake of lead must be considered. A
large part of the lead is excreted unchanged and does not become "available"
to the body. Since the proportion of lead absorbed by the body by different
routes (e.g. ingestion, inhalation) shows marked differences, it is suggested

that the average adult should not absor& more than one microgram per kilogram
body weight per day. To assess the hazard of soil therefore, it is necessary to
estimate the daily intake of soil itself. Estimates in the literature indicate a
range of 10-100 milligrams per day. This ignores the condition known as

"pica" in which children may well consume very considerable amounts of
materials other than food, e.g. plaster, paint and soil'

It can be calculated, on the basis of a maximum of 1 ug/kg/day, that a lead

concentration in dust in excess of 300 p.p.m. may be detrimental to a 2-year-
old child in an urban environment. Alternative calculations may be made,
as follows, based on lhe futqke recommendation of W.H.O. (rather than the
obsorption level). The relationship between dose and age (up to l2 years) has

often been expressed as:

dose lor X-r'ear-old child : adult dose x X
12+x

On this basis. a dose of 420 microgtarns per day of lead for an adult (the
recommendation of \\'.H.O.) is equivalent to 60 micrograms per day for a
2-year-old child. Assuming half of this acceptable intake to be derived from
soil, of ri'hich 100 milligrams might be consumed in a day, the level of lead in
the soil should not erceed 300 p.p.m., similar to the above calculations. In
addition, lead content ol soils up to 200 p.p.m. have been recorded as "natural"
(excluding areas near lead-bearing strata) with apparently no ill effect on the
lesident population. ln vierv of this information, there would appear to be
no potential risk to a 2-year-old child (or to the other residential population)
if the lead concentration in the soil does not exceed 200 p.p.m. Above this
guideline some hazard may arise, particularly if the amounts are several times
this guideline level. It mr.lst be emphasised, however, that it cannot be

assumed that there is a positive indication of hazard as soon as levels exceed

this guideline (or any of the other guidelines which may be suggested in this
paper). A11 the results from a particular site need to be assessed medically in
relation to such a guideline and to other contaminants present belore a
recommendation can be made for action needed to render this site free from a
significant health or safety hazard. Since the toxicology of lead has been the
subject of a considerable body of literature, it is likely that the guideline for

r



16 Toxrc wAsrE AND ENVIRoNMENTAL poLLUTIoN

other elements, for which less information is available, will be even less precise
than that for lead.

INHALATION
A problem arises in connection with the inhalation of dust by construction

workers. At various stages of construction, the site conditions may be
particularly prone to produce dusty atmospheres, particularly in dry windy
periods. After development and occupation, the dust hazard from the soil is
probably reduced because some of the land is covered with houses, roads,
gmss, etc. To assess the level of lead in dust which may represent a hazard,
the acceptable 1evel of uncontaminated and inert dust must be considered. It
has been suggested that concentrations above i0 milligrams per cubic metre of
such dust may be considered a nuisance and presumably should not be exceeded
under the Health and Safety at Work, etc,, Act. However, a TLV for lead in
air of 0.15 mg/m3 has also been proposed. It could therefore be argued that
until the lead in dust reaches a concentration of 15,000 p.p.m. the nuisance of
the uncontaminated dust itself is greater than the health hazard of the lead
and therefore would enable us to reach a guideline for the dust hazard to
industrial workers of particular elements.

INDIRECT INGESTION

The direct ingestion of soil, or inhalation in the form of dust, is not the only
route by which contaminants from the soil may reach the body. As indicated
earlier, both uptake of contaminants by plants and the contamination of the
water-table can represent further potential hazards. An example may again
be instructive and, in relation to uptake by plants, perhaps cadmium is a good
element to choose. The first criterion to establish is the level of cadmium
which would be acceptable in the edible parts of crops. Unlike lead, there
are no 1ega1 requirements in relation to cadmium in food and, following a
recent survey, the Food Additives and Contaminants Committee of the
Ministry of Agriculture, Fisheries and Food did not consider that a legal
standard was necessary. In our view, the level of cadmium in food which
is acceptable should be less than 0.5 p.p.m. and it could well be argued that it
should be no more than 0.1 p.p.m. The literature suggests that the cadmium
content of edible parts of crops may reach, and in some cases exceed to a
considerable extent, the cadmium level in the soi1. However, the natural
cadmium content of soils is said to be 0.1 to 1.0 p.p.m.-again apparently
without il1 effect. As a guideline therefore it would appear that the cadmium
content of soil may well be suspect if it significantly exceeds 1 p.p.m. This
example further illustrates the contrast in approach necessary with different
elements, In the case of lead, translocation in the plant does not appear to
occur readily and therefore in considering the limiting guideline the direct
ingestion of soil is more impoflant. In the case of cadmium, however, because
of its relative ease of translocation, the guideline is set more by considering
the possibility of uptake by plants than by the process of direct ingestion.



TOXICITY TO PLANTS

In the foregoing paragraph, the effect of uptake by plants was considered

only in relation to the eventual edibility of any crops. However, some

contaminants are likely to affect the $owth of the plant itself, irrespective of
whether the plants are then potentially toxic to man. The elements which are

considered to be most toxic to plants are zinc, nickel and copper. The Agri-
culture Development and Advisory Service (ADAS) of the Ministry of
Agriculture, Fisheries and Food have published their views on these contami-
nints in relation to agriculture (ADAS 10, 1970). Summarising, a zinc

equivalent (available zinc * 2 x copper + 8 x nickel) is regarded as the

rnajor criterion of plant toxicity and ADAS consider that this parameler

should not exceed 2i0 p.p.m. in the soil of good agricultural land. This efect
is greatly affected. howiver, by the pH of the soil and also by the expected use

of the linal. For instance, grass is considered to be more tolerant of such

contamination than wheat. Since in many situalions considered by local
authorities, the growing of vegetables is perhaps the most "sensitive" type of
crop, the above level oi250 p.p.m. zinc equivalent may be taken as the guide-

line for this type of contaminant.

Tentative Suggestion on Guidelines for Contaminants

The previous discussion indicates the considerations that contribute to
identifying the necessary guidelines for assessment of data on particular,sites.

The ini'oriration available on the toxicity, absorption by the body by different

routes, translocation of materials in plants, etc' is often too limited to enable

a reasonably firm estimate to be made ofthe leYel at which hazards may arise.

Neverthelesi, if the analytical work is to have any meaning at all, some levels

must be decided above which the site conditions must be regarded as suspicious

from a toxicity viewpoint. It is emphasised therefore that, in the tables given

below, the guidelines may be very imprecise and should only be used as a
rough indicition that action may be necessary to make a particulal site

acceptable after assessment by medical authorities.
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TABLE I
TENTATIVE GUIDELINES FOR SUSPICION OF TOXICITY

Contaminant

For resident
populatior1'

p.p.h1. i soil

Concentation at
which toxicity may

exceed dust nuisance*,
p.p-tu. ik soil

Arsenic
Cadmium
Copper
Lead
Mercury
Nickel
Zinc
zinc equiv.
Coal tar
Phenols
Cyaddes

40
t

(EDTA-available) 000
200

1

{N/2 acetic acid-available) 20
rN72 acetic acid-available) 200(in'+2'Cu+8,Ni)250' 200

200
10

50,000
5000

(total) 100,000
15,000

1000

(tota1) 500,000

* Pritrcipally related to coostluction workers.



18 TOXIC WASTE AND ENVIRONMENTAL POLLUTION

Again may I emphasise that these are tentative suggestions, with which
results for a particuld.r site may be compared. If all samples on a representative
grid were below the above levels, I would suggest that the medical opinion may
be that there is no indication that any problems are likely to arise. The
contrary is not necessarily true.

Examination of Water Samples

It is also essential to examine samples of both surface water and water
derived from the boreholes used for soil sampling. The composition of a
water can often be indicative of the soil and other material with which it has
been in contact. For example, high hardness figures, significantly above
those normal for the area, could indicate contact with builders' rubble,
particularly if sulphate concentrations were high. Water in contact with
natural organic matter contains high levels of ammonia and other constituents
and some idea of the age of the tip can often be derived from a consideration
of the full analysis of the water. Since the water samples from boreholes are
often representative of the water table, they are probably largely indicative of
the average conditions across the site rather than of localised pockets of
contaminants, but in some cases the latter can be detected in water samples
when the soil samples have failed to indicate their presence because of the
positioning of the boreholes.

Another useful aspect of water sampling is in its use as an early indication of
leaching of contaminants or migration through the soil. For example, if a
surface lake is part of the site development, the examination of the lake water
may give an early warning of extraction of toxic substances from surrounding
contaminated land even if these materials are some feet below the surface.
Again, migration of chemicals through the soil by the action of water may
possibly occur and water examination in boreholes may give an indication ol
such migration. The need on some sites for disposal of large volumes of
water due to pumping during buiiding operation also calls for examination of
the water to ascertain lts possible polluting effect on any surrounding water
courses into which it may be pumped. The examination of water samples
must therefore include not only all those parameters tested for in soil samples
but also additional tests which give information on the polluting and other
effects mentioned above.

Monitoring of Sites During and After Deyelopment

As will be apparent, there are a number of situations in relation to develop-
ment of industrially contaminated land which, even with al1 the tests suggested,
will still not be sufficiently identified 1o give absolutely clear indications of
future hazards. In such circumstances it is essential, if future difficulties for
construction workers or residents are to be avoided, to undertake some kind
of monitoring of the developing situation. Mention has already been made
of the need for scientific staff to be present during sampling of the site and a
close liaison between scientists and the contractors and/or site personnel
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should be mainlained throughout the construction period. Additionally,
continual monitoring for a period of several years after occupation of the site
may be necessary in order to ensure the safety of residents. This may also
provide useful information for problems of a similar nature on other sites.
The examinations to be made on any samples taken for monitoring purposes
will depend largely on the original findings of the survey and it may well be
that the full range of tests is unnecessary. While particular emphasis should
be placed on the examination of water samples in relation to this monitoring
exercise, continual visuai check of vegetation, and of waterways, lakes, etc.
may give valuable additional early warning of contamination, e.g, plant or
fish kill.

Cost of Analysis and Remedial Work

The cost of such extensive testing, even if that of obtaining the sample is
not included, is clearly considerable and the benefit of undertaking this work
must be clearly identified before large commitments of resources are under-
taken. The full analysis suggested for soils and water costs in the region of
[50-[100 per sample so that any sizeable area, say 40 acres, even at 100 metre
spacing and only 3 soil samples and I water sample per borehole may require
[10,000 for such sample analysis. If a more closely spaced grid becomes
essential the costs can become very large indeed. However, the cost of either
complete or partial removal of "X" feel of contaminated land and replace-
ment or cover by clean material is also very expensive and the two costs must
be viewed together to reach a reasonable minimum cost consistent with maxi-
mum safety. The analytical work is clearly non-productive as it does nothing
to improve the situation itself. However, it may enable a decision to be made
which reduces the cost of remedial work by a considerably greater amount
than the cost of the analyses. The survey costs and remedial work on each
site must therefore be kept continualiy under review, during and after the
survey period, if maximum benefit is to be derived from limited resources.

Future DeYelopments

Comparing the information which is needed to deal with industrially-
contaminated land with that which is actually available, there are clearly a
considerable number of gaps in our knowledge. It would be of considerable
assistance, for example, if more positive indications of the translocation of a
wide range of materials in a number of different vegetables were available.
Similarly, more experimentation is needed on the problems associated with
leaching of contaminants into the water table and other bodies of water, as

well as on the slow migration of contaminants in the soil. On the toxico-
logical side, much more information is needed on the llong-term effects of
some contaminants and more particularly on the levels which are acceptable.
Obtaining this information would require a signiflcant research programme
and as this is likely to be a national problem rather than a localised one, it
would appear most appropriate if central government could find the resources
to undertake this kind of work. Considerable help has, in fact, been available

19
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from contral government departments but largely in relation to specific sites.

However, we would suggest, in view of the likely increase in this type of
development, that the most appropriate future approach would be that central
govemment should indicate a set of guidelines which local authorities could
use to interpret any investigations of sites which they undertake.

Conclusion

We have attempted in this paper to indicate the approach that we have taken
in the Scientific Branch of the G.L.C. to the problems raised by industrially-
contaminated land, It is not possible in the space of one paper to deal with
all aspects in any great detail. Only passing reference has been made, for
example, to the problems associated with normal domestic tipping and land
reclamation and the associated problem of methane production. Similarly,
the virological, bacteriological and other microbiological hazards arising from
use of sewage-treated land have been excluded. The major comments have
been largely confined to soil and water tests and related matters. Even here,

the treatment has been far from exhaustive, but we have indicated some guide-
lines which have been found useful in this difficult field of work.

YENTILATING CONDITIONS

G. V. Jm.rrs

Hallen Lodge, Henbury, Bristol BS10 7RH

Physiologists speak of ventilating the lungs when fresh air from outside the
body is taken in and exchanged in the lungs for air in which some of the oxygen
has been replaced by carbon dioxide. The two other changes which have

occurred are that the expired air has been warmed in the lungs and also its
humidity has been increased. On average, humans require 7'5 litres of air per

minute or 450 litres (about 16 cubic feet) of air per hour.
In a room or other enclosed space, the ventilation rate is the total volume

of air passing in unit time and is sometimes quoted as the number of changes

per hour. If the number of occupants of a space varies, the important fact is
that the volume of air in that space is sufficient to provide a satisfactory fresh

air supply, and these air changes give the ventilation rates.

Foi persons who are lightly occupied, or are sedentary, the carbon dioxide
production is 0'6 cubic feet per hour. This is the figure most commonly
assumed and used in calculations but it may, and does, vary since the production
of carbon dioxide by each individual occupant of a room will vary. It must
be stressed that this flgure applies more particularly to those in sedentary
occupations. As carbon dioxide is being produced oxygen is being used up,
but, unless healy muscular work is being performed, it takes a long time before
symptoms of hurried breathing are apparent, at which point about a third of
the oxygen in the air will be used up. Following this, symptoms of anoxaemia
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will appear. These are headache, visual disturbance, mental dullness, loss of
muscular power, weakened cardiac action and often loss of memory.

A normal man at rest gives out heat amounting to about 1000 kiiocalories
or 400 Btu per hour. Heat is lost by radiation and convection and by the
evaporation of moisture (in the expired air or as sweat). As the temperature
of the environment rises, a larger proportion of the heat lost by the body is
produced by evaporation and also the humidity of the air rises. It is thus
readily appreciated that in a room occupied by one person, temperature,
humidity and carbon dioxide will all rise. The effect is enhanced when more
people are present, the enhancement being directly proportional to the number
of people present. In addition, we have not taken any account of bacteria or
body odours. These latter are particularly noticeable by persons entering
direct from fresh air outside but. as the sense of smell is quickly fatigued,
these odours may be unnoticed by those people who have been exposed to
them for some time.

It will now be appreciated that air change or ventilation of a room is as
important as ventilation ol the lungs. Resulting from this, it is possible to
define hos a pleasant atmospheric environment may be achieved and the six
desirable points are as follorrs:

l. The room shcruld be as cool as is compatible with comfort.
2. Adequate air morement is necessary but no local draughts.
3. The air mo\emenl should be variable rather than uniform and monoto-

nous, as the bodl is stimulated by a continuous change of environment.
4. The relative humiditl,(r.h.) should not exceed 70 per cent. and preferably

be below that fi,sure.

5. The temperature of the walls and solid surroundings, for preference,
should be higher than the air temperature. A combination ofcold walls
and warm air often leads to feelings of stuffiness.

6. The air at head level should not be warmer than near the floor and the
heads of occupants should not be exposed to excessive radiant heat.

The temperature factol is mentioned in several of the above points and
therefore it is necessary to consider "comfortable warmth" as the next point.
It is obviously impossible to specily a temperature for "comfortable warmth"
that will be acceptable to everyone but it is possible to find the condition that
is most generally acceptable.

This is defined by Bedlordr as that zone of temperature in wl.rich not less
than 70 per cent. of the subjects were comfortable. Formerly, a figure was
used based on 50 per cent. of subjects but Bedford narrowed this so that
greater comfort was enjoyed by more people. Even in the House of Commons
during ordinary sittings 67 68'F was recommended but the temperature could
be reduced by 2 3'F when crowded or during a heated debate and the
temperature should be raised during a late night sitting. Indoor temperatures
in the U.K. are lorver than in America as we tend to wear warmer indoor
clothing and are also acclimatised to lower indoor temperatures.
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The question of clothing is of course important and experiments performed
in the U.S.A.2 showed that women usually liked the temperatures to be higher
than those liked by men. This difference is about 4"F and was entirely due
to differences of clothing.

Apart from other forms of heating, attempts are made nowadays to cut
down heat losses either by double glazing or by cavity filling, or both. I
was asked to investigate a case where a family had suddenly developed sore
throats. It was found that the cavity walls in the house had been recently
filled in with an expanded plastic compound and it was feared that this
substance was decomposing and liberating chemicals into the atmosphere.
Experiments showed that this was a groundless theory but that the rcom
temperature had been raised by 3'F and the humidity correspondingly reduced
leading to dry throats, which were cured by the use of a humidifier and also by
slightly reducing the thennostat setting of the central heating system.

There are various ways of expressing the humidity of the atmosphere.
Briefly, 100 per cent. humidity means that the air is holding all ofthe moisture
it can at a particular temperature. Humidity also affects the intangible
property of "freshness" ; thus a change of humidity that would be insufficient
to affect one's impression of warmth could have a distinct effect on an
impression of freshness. Mental alertness is associated with lower humidity
and lethargy with higher humidity. Thus Markhams has shown that 55 per
cent. relative humidity was ideal for mental activity but 70 per cent. was
desirable for rest and recuperation.

Musicians suddenly find their instruments out of tune in late autumn.
Pottery and terracotta flake and porvder arvav. This is caused by turning on the
central heating; intensely dry air results so that valuable objects such as ivory,
parchment, Ieather and wood, \yhich are hr'-eroscopic. t\\ist. crack and peel.
Another sometimes amusing event occurs uith use olnlion rvall-to-rvall carpet-
ing in a dry centrally heated house or flat. The humidity may be as low as
l0 per cent. and when one person greets another rlho has entered the room, the
sparks may literally fly as static electricitl'builds up a charge on the one person
and this has to be discharged. This "state" may be overcome by frequently
touching windows, walIs, etc. and bl, raising the humidity to about 50 per cent.

An estimate of the amount of rvater required to keep a medium sized room
(15 ft x 10 ft x 9 ft) at a comfortable humidity is 10 fl oz per hour. Humidi-
fiers for homes are of three types, as follows.

Free Standing
These are electrically operated and work by

(a) atomising water into small droplets which then evaporate,
(b) heating water until it steams, or
(c) using a fan to blow air over a damp cloth.

Duct Type
These fit into ducts taking warm air back to the heating unit and are either

evaporating pads or the atomising type.
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Radiator Hangings
These consist of troughs of water hung on the side ol a radiator and con-

taining a pad of material, saturated with water, which will allow water to
evaporate over a large area.

Mention of sore throats earlier must have raised some thoughts about
bacteria, moulds, etc. Durin-e sneezing and coughing, bacterialaden droplets
are discharged and may spread over a distance of at least 15 feet, and, as the
droplets evaporate, the)' become steadily smaller until they can float on air-
indeed thcy are airborne. It has been shown that organisms sprayed into the
air of a basement room could be recovered on every floor of a three-storey
building. Bacteria can be spread by a ventilating system and also, reduced
ventilation can increase spread of some diseases. Erperiments in rr-ew Yorka
shorved that the hrghest number of bacteria was present in school air, while in
air-conditioned theatres. c.runts *ere only a quarter of those in theatres which
were not air-condiriL',ned : indeed Central Park was on a par with a good air-
conditioned theati:.

Bacrerl: n:e-1. b: r;n.., ed liom the atmosphere in several ways and three
merh.,is rr;:::i.--1:r nusr be mentioned.

r: r Tr: hr_sit b:c::i:,--idal porver of ultra-violet light is well known and is
eilecii',: :-g:i:-.i :acteria in fine particles but less so against those on
dust. Henc: t:e :ir should first be filtered to remove dust and then
passed or er the lamps.

(b) Use of bactericidal spra),s may be valuable. Substances which are
uselul are sodium hr pochlorite, chloramine-T, resorcinol, catechol, etc.,
especialll uhen the organic compounds are dissolved in propylene
glycol. Care rnust be erercised in the use of sodium hypochlorite as it
must be finel1 atomised. since coarse drops may have a deleterious
effect on fabrics or metal parts. Humidity is also important rvith
hypochlorite as. belou 50 per cent. r.h., inactivation of organisms is
slight but is rapld rith r.h.'s of 70-90 per cent.

(c) Ozone is also a bactericide and rather exaggerated claims have been
made commercialll for its efficacy; but the concentrations necessary for
germicidal purposes s,ould produce undesirable eflects on the occupants
of a room.

So far, we have been discussing physical factors, i.e. temperature, moisture,
etc., but at the outset it rvas pointed out that carbon dioxide was produced in
metabolism. This is done at the expense of oxygen; the normal oxygen
content of air is 20.9 per cent. and this may be reduced to 19 per cent., which
is the minimum at which people should be allowed to work. At 17 per cent.
oxygen a candle would be extinguished. but air is still breathable down to
15 per cent. oxygen, at which collapse can occur.

The changes in carbon dioxide concentration which are normally encountered
exert no injurious physiological effects, but in gas-tight chambers, such as
submerged submarines, the carbon dioxide content may go up even higher.
In order to take care of this, the air is "regenerated". This is not a correct

I
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expression as it really means removing the carbon dioxide by means of lithium
hydroxide. In submersible vessels associated with oil drilling at sea, oxygen
is bled into the cabin to maintain pressure and the carbon dioxide absorption
system is used as required to maintain the carbon dioxide leve1 below 0'5 per
cent.

It must be remembered that air or oxygen with 5 per cent. of carbon dioxide
increases the depth and frequency ofrespiration, which is the reason why oxygen
with 5 per cent. of carbon dioxide is used as a respiratory stimulant.

A comfortable temperature in a room is attained by the use of one or more
methods of heating. The ancient Greeks used braziers and developed hypo-
causts which were improved upon by the Romans and remains of this type are

to be seen in Bath and many other Roman sites in this country' The open

fireplace developed after centuries of experiment and only in very recent times
has it been replaced. A closed stove gives better distribution of heat to the
whole room than does a fireplace. Less labour is also involved in maintenance
than with a fire. However, the danger with a stove is in its production of
carbon monoxide. During combustion of fuels such as coal, coke, wood and
oil, the major products of combustion are moisture and carbon dioxide. Now,
carbon dioxide, in the presence of an excess of carbon such as anthracite, is
reduced to carbon monoxide. Other effective reducing agents are iron and
zinc. Iron pipes usually lead from stoves to chimneys ar'd, apart from the
metal, contain carbon. As time goes on pin-holes appear in the pipe, and as

the pipe becomes red-hot, more carbon monoxide is formed and it may then
leak into the room where it can be breathed in by the occupants. (In particu-
lar here I am thinking of the modern hermetically sealed room.) As with
many factors associated with ventilation, thanks should be given to investiga-
tions carried out by the three Services and in particular the Army and Nary
for much information about tramc conditions and carbon monoxide produc-
tion. Nowadays, even the design of a multi-storey car park has an influence
on carbon monoxide production.

Severe toxic symptoms arise from breathing air containing 400 p.p.m.
carbon monoxide for an hour, whilst 50 p.p.m. in a chemical plant indicates
unsatisfactory conditions. The threshold limiting value is 100 p.p.m.

Another interesting impurity I once found in the air of a room was

phosphine, This discovery followed a request by the occupier to investigate
the smell of "acetylene" which was noticed whenever he bled off gases which
had collected in the radiators. A visit showed that, when bled off, the gas

burnt with a bright luminous flame some 8 in or 9 in long. The gas had a

faintly alliaceous smell and was identiied as phosphine. Further investigation
showed that this had come from the heating system, as the metal separating

the oil burners from the circulating water was rich in phosphorus and under
the conditions of local overheating which existed, a reaction occurred resulting
in phosphine production which accumulated in the radiators throughout the
premises and particularly on the upper floors. The T.L.V. of phosphine is

0.05 p.p.m.
Recently there has been an increase in the use of panel heating in which the

floor or ceiling is warmed either by electrical heating elements or hot water
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travelling through embedded pipes. This enables us to have solid suroundings
at a temperature higher than air temperature. The use of ceiling heaters is bad
practice, since heads should not be exposed to excessive heat.

Direct gas heating has not been mentioned for the reason that it is much
less used than formerly. partl) due to distrust caused by faulty installation of
gas water-heaters leading to some deaths from carbon monoxide poisoning,
and also to cost. Gas-fired central heating was at one time the most
expensive form. It is understood that this is no longer correct. At one

time, however, town gas used to contain sulphur compounds and, when
burned on the incandescent bars. it produced sulphur trioxide. It was interest-
ing to observe in one ladies' sosn shop with overhead incandescent radiant
heaters that the shoulder seam: \\ere so attacked by the trioxide that the cotton
disintegrated and potential users found the dresses falling apart.

Most factors associat:d t ith r entilation have now been touched upon, save
the important one r.f air i:r..\ ement, which is achieved by extraction of air,
propulsion L.rf air. 3 .r:r::::-.-:i.,n olthe two and, of course, natural ventilation.
\atural re:::r :::.i. .::i::.i on diffusion, movement of air by inequality ol
len:::::-::. -:,: ::.:; :::1aced via doors, windows or ventilators. i.e.
.::;::. -. 

- :.:; :::: -::! ::a. !'f COUfSe, Wind mOVement.
T::::. : ,. -; --::-_:. :,.-iS are of interests:

-::::-. .-=:.. 1919. 940 ft3 -0 
214 changes per hour

L--:: i.:.. lSS8. 900 1435 ft3-0 71 changes per hour
L:--.::: ::::._::.. 1S60. 620 1280ft3-1.51 changes per hour

The.rrl] :: --: ;-.---: Liler one change per hour rvas that obtained in the
London cotra-q:r ,.: -.:, ;here leakages around doors and windows resulted
in up to 2 chang:: ;: :i: ::: hour.

Extraction fiethr-;i ::: Jsed extensively in threatres and factories and where
much toxic material r: ::oduced. They have the disadvantage that the incom-
ing air qualitl is nct :rsi11 controlled and may be drawn from undesirable
places suc}r as toilets. ei.-.

In the propulsion :i:I.m. also known as the plenum system. there is
dependance on keeping doors and windows closed whilst inlets are above
outlets. This slstem ,i:F:nds upon having a slightly positive pressure in the
room. It was used in the \laginot Line, the positive pressure being an anti-gas
defence. The advantages ol this system are that the source of fresh air may be
selected and the air conditioned. hence it is particularly useful in "tower
blocks", hospitals, theatres. etc.

Finally, air-conditioning should not only be delivering pure fiesh air at the
correct rate to an enclosed space, but it should be cleaned, dried, moistened,
cooled or warmed accordin-s to requirenents. Unfortunately, there are few
places where this is correctll'applied.
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