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INTRODUCTION

Reasons for ventilating buildings

1 The application of section 7 of the Offices, Shops
and Railway Premises Act 1963 has given rise to some
discussion on the practice of ventilation, and this Guid-
ance Note has been prepared as a technical response to
some of the questions that have been raised. There are
four reasons for supplying air to buildings. These are:

(a) to satisfy the respiratory needs of the occupants.
(b) to remove body odours and tobacco smoke
{c) to maintain the bodily heat balance

(d) to control airborne contamination.

2 This Guidance Note deals only with the provision of
fresh air, i.e. with (a) and (b} above. It does not deal
with the thermal environment, i.e. (c} above, even
though the maintenance of a suitable thermal environ-
ment is probably the most important function of any
heating and ventilating system, both because the malaise
commonly experienced in badly ventilated rooms is
caused, not by impure air, but by the inability of the
body to lose the necessary amount of heat, and because,
if the system satisfactorily controls the thermal environ-
ment, it commonly suffices also for the other require-
ments. Nor does this Guidance Note deal with the cont-
rol of airborne contaminants, i.e. (d) above, because
these are generally much more prominent in factory con-
ditions since toxic gases and fibrogenic dusts are unlike-
ly to be present in most offices. This aspect of the
matter may require attention in kitchens or canteens due
to the presence of steam or cooking odours, but it is
dealt with by local exhaust ventilation where possible
and even though dilution ventilation may play some
part the subject will not be discussed here because it has
little bearing generally on the amount of fresh air supplied
to normal office buildings. This Guidance Note is there-
fore restricted to the supply of fresh air in order to meet
the respiratory requirements of the occupants of the buil-
ding and to remove both body odours and tobacco smoke.
This air is generally a small part of the total air handled

by a ventilating or air-conditioning system.

Standard reference books

3 The standard text book on the subject is Basic Princi- -
p/es of Ventilating and Heating by Thomas Bedford, and

- as this is internationally accepted it should always be con-

suited. It provides a wealth of references in the bibliogra-
phy which is complete up to 1948 and this Guidance Note
can only be based on Bedford’s work although some more
recent references are included. Other useful books on the
subject are the Guide published by the Institution of
Heating and Ventilating Engineers in London, the Hand-
book of Fundamentals published by the American Society
of Heating, Refrigerating and Air-conditioning Engineers
in New York and /ndustrial Ventilation published in New
York (see References}. The current edition of these refer-
ence books should always be used.

Fresh air

4 In ordinary engineering practice the term ‘fresh air’
would mean air from outside the building. It should be as
free as possible from any local pollutant and some care
should be exercised in choosing the precise position of
the inlets. For example; inlets should not be at road level,
where they will collect dust and fumes from passing vehi-
cles, nor should they be so placed at higher levels as to
collect fumes or grit from chimneys. Since the air of most
towns contains quantities of suspended particulate matter
it is normal practice to filter the incoming fresh air. Apart
from its water vapour content the composition of air is
suprisingly constant. Bedford quotes the results of more
than 1000 analyses done (in 1937) in a heavily wooded
area in New H_ampsh‘ira, in Boston (Mass.) about 200 feet
from a power station burning 35-95 tons of coal a day,"
and in Baltimore. In-only one case did the carbon dioxide
content rise to 0.06% by volume but all the other analyses
gave volumes between 0.02% and 0.035%. Bedford there-
fore gives the compaosition of pure dry air as:

20.94% by volume
0.03% by volume

Oxygen
Carbon dioxide
Nitrogen and other

inert gases 79.03% by volume

Artifically purified air

5 The term ‘artificially purified air’ may be taken to mean

-air which has been treated chemically or physically so :

that its composition is similar to that of ordinary outside
air and may also include air that has been passed through
an air-conditioning plant. The words ‘artificial purificat-
ion’ will, therefore, include a variety of processes and .



clearly the special measures that must be taken in places
like submarines submerged for long periods of time will
be unnecessary in most buildings. Generally, therefore,
the air in the occupied rooms of a building provided

with mechanical ventilating plant will consist of a mixture
of air exhaled by the occupants, fresh air and recirculated
air. This latier air will have passed through the vent-
ilating plant which will at least have provided some
measure of filtration and some adjustment of heat con-
tent in winter, and in the more complicated plants may
have provided filtration, heat adjustment for winter and
summer (i.e. heating or cooling) and humidity
adjustment.

Adequate supplies of air

6 It is also necessary to provide adequate quantities of
air for any occupied room. The term ‘adequate quantities’
can only be defined in the context of each individual
building and varies with such things as the purposes for
which the building is used, the amount of space provided
for each of its occupants and whether or not smoking is
permitted.

7 Itis evident that all buildings will need adequate suppl-
ies of fresh air, and that buildings provided with mechan-
ical ventilating systems may need adequate quantities of
both fresh air and artifically purified air, although artif-
ically purified air will not be discussed again here. The
rest of this Guidance Note will be given to a discussion of
those factors which determine what is an adequate quant-
ity of fresh air in a variety of circumstances and, as a
matter of convenience, will be divided into an examinat-
ion of fundamental considerations and good engineering
practice. This is because the latter depends entirely on the
former.

FUNDAMENTAL CONSIDERATIONS

Theories of ventilation

8 There have been many theories of ventilation. In 1714
Gauger thought that uneven temperatures and lack of ven-
tilation caused the unpleasant sensations that are experi-
enced in badly ventilated rooms. Modern bacteriology has
of course shown some infections to be airborne but the
composition of the air is no longer regarded as the main
cause of the general malaise which results from a lack of
ventilation. Lavoisier is quoted by Leblanc (1842) as
having attributed the effect to carbonic acid, but Leblanc
himself remarked that it was generally attributed to war-
mth alone, Pettenkofer thought the malaise attributable
to the presence of small quantities of organic matter
exhaled from the lungs as well as to warmth, or excessive
carbon dioxide or lack of oxygen. From 1887 to 1889
Brown-Sequard and d’Arsonval described experiments
which seemed to support the theory of toxic materials in
expired air because if water, which had been condensed
from expired air was injected into animals, they died.
They also placed animals in chambers so connected that
each one was breathing air exhaled by the others when

2

the animals in the two chambers at the end of the line died,
Although these experiments were frequently repeated by
different scientists they all failed to corroborate the early
results or conclusions. Finally this so<called ‘anthropo-
toxin theory’ was disproved by Haldane and Smith {1892).
Billings, Mitchell and Bergey {1895) and Hill (1913).

9 In 1907 the Second Report of the Home Office Depart-
mental Committee appointed to enquire into the ventil-
lation of factories and workshops, and in 1909 the Home
Office Departmental Committee on humidity and venti-
lation in cotton weaving sheds, accepted the view that
overheating and not the composition of the air was the
main problem. In 1914 Hill provided the final proof when
he shut seven or eight students in an air-tight chamber of
about three cubic metres volume where they remained
until the carbon dioxide content rose to between 3% and
4% and that of the oxygen fell to 16% or 17%. The wet
bulb thermometer reached 82 degrees F/85 degrees F with
the dry buib thermometer about 2 degrees F higher. They
did not notice any diminution of the oxygen content of
the air; indeed they tried to light cigarettes and could not
understand why their matches went out. Their breathing
was slightly deeper on account of the high carbon dioxide
content of the air but they suffered no headache. Their
condition was relieved by switching on fans. The air cau-
sed no discomfort to other students who breathed it while
they were outside the chamber, but those inside got no
relief when they breathed air from outside the chamber.

10 Bedford comments that these experiments “showed
that the speed of movement of the air, as well as its temp-
erature and humidity, exert a profound effect on comfort.
Although the purity of the air of occupied rooms is of no
small importance, the prime consideration from the stand-
point of comfort is that the physical environment shall be
suitable.”

11 He also quotes a series of experiments by Haldane and
Priestley (1905} in which subjects inhaled fresh air and
air containing differing amounts of carbon dioxide.

It was shown that a concentration of 2% carbon dioxide
increased the depth of respiration by no more than 30%
and the number of breaths per minute from 14 to 15. The
depth of respiration was nearly doubled at 3% carbon
dioxide but the number of breaths per minute did not ex-
ceed 15. Even with 3% carbon dioxide in the inspired air
the concentration of carbon dioxide in the alveolar air
remained at the same level as would have resuited from
the breathing of normal air so that the carbon dioxide ten-
sion in the blood was unchanged.

12 Even when the oxygen content of the air falls to 13%
those who breathe the air will not notice the reduction
and neither the frequency nor the depth of the respiration
will be changed.

13 Bedford comments: “Contrary to what was thought
at one time, the changes in the concentration of carbon
dioxide which are ordinarily encountered in the air of
occupied rooms exert no injurious physiological effect”
and “the slight increase in respiration which accompanies
an increase in carbon dioxide up to at any rate 2% is hig-
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of smell is quickly fatigued, but even when this odour is ~
not noticed it may make the air somewhat stale. Neverthe-
less, Flugge (1905) stated that no proof had ever been add-
uced that such air had any poisonous effects and that any
objection to it was only on the grounds of nausea.

16 When a room is ventilated at a uniform rate and a gas
is allowed to enter the room, also at a uniform rate, the
concentration of the gas will increase exponentially until
the system reaches equilibrium. The final concentration
will depend on the rates at which the gas enters the room
and the ventilating air removes it, and the time to reach
the final concentration will vary with the size of the room.
If the supply of gas is terminated but the ventilation con-
tinued at its constant rate the gas concentration will fall
off exponentially. But Yaglou showed that odours some-
times disappeared more quickly than could be explained
by this dilution effect of the ventilating air, and that with
a constant ventilating rate the speed of disappearance of
the odour increased as the amount of space per person
increased. He also noticed that odours disappeared quick-
ly from virtually air-tight rooms after the occupants had
left them. The amount of space per person therefore infl-
uences the rate of disappearance of odours quite apart
from the volume of fresh air supplied per person per hour.
Yaglou also noticed that the efficiency of odour removal
decreased as the ventilating rate was increased, because
with high rates of ventilation some of the fresh air leaves
the room without proper mixing and so makes no impro-
vement in the condition of the residual air.

Fresh air supplies

17 Many standards have been suggested over the last hun-
dred years or so, varying from 5 to 50 cubic feet of fresh
air per person per minute {300-3000 cubic feet of fresh

air per person per hour), but is to be remembered that,
apart from the matters already discussed, the standard
suggested will also vary with the personal hygiene of the
occupants as well as with the sensitivity of the observer.

bon
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20 Itis generally assumed that the average person produ-
ces 0.6 qubic feet of carbon dioxide per hour so that a con-
centration of 2 parts in 10,000 means a fresh supply of 50
cubic feet per person per minute (3,000 cubic feet of fresh
air per person per hour). But De Chaumont stated that
odours became just perceptible when the carbon dioxide
from respiration was 4 parts in 10,000, or when the fresh
air supply was 25 cubic feet per person per minute (1500
cubic feet of fresh air per person per hour).

21 De Chaumont’s very high standard of 50 cubic feet
f fresh air per person per minute (3000 cubic feet of
fresh air per person per hour) has not been adopted but
his standard of 25 cubsic feet of fresh air per person per
minute (1500 cubic feet of fresh air per person per hour)
is close to Roscoe’s proposal of 20 cubic feet of fresh air
per person per minute (1200 cubic feet of fresh air per
person per hour). It is to be noticed that De Chaumont
makes no reference to the cubic space allowed per person.
Yaglou and his co-workers investigated the problem furt-
her in 1936, once again taking the absence of odour as the
criterion of satisfactory ventilation. These workers found
that the quantity of fresh air needed varied with the num-
ber of persons in the room (i.e. with the cubic space allo-
wed to each person) and with their standards of personal
hygiene. The suggested standards are given in Table 1

page 5),

22 Bedford comments: “The requirements vary for diff-
erent types of occupant, but as a broad generalisation it
can be said that for most ordinary conditions an air supp-
ly of 17 to 20 cubic feet per minute per person will give
satisfactory results.’” He adds that “’the fresh air supplies
mentioned represent minimum requirements. The maxi-
mum ventilation that can be achieved with comfort, when
regard is paid to necessary limitations such as.those impo-
sed by shortage or cost of fuel, is desirable”.
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Engineering practice

23 Good engineering practice is based an the physio-

logical and scientific results outlined in the preceding para-
graphs, and one. method of estimating the fresh air requi-
rements is set out in Figure 1 which shows curves taken
from I/ndustrial Ventilation, published by the American
Conference of Governmental and Industrial Hygienists.
Curve A shows the small amount of air needed to supply
‘oxygen and Curve B, that needed to keep the carbon dio-
xide level below 0.5 per cent, this figure being selected
because it is the threshold limit value *for this gas. Curve
C shows the amount of fresh air needed to control odours
from sedentary adults and the working Curve D increased
this by 50%, so that the fresh air volume given by Curve
D is sufficient to meet all requirements.

24 |t is noticeable that as little as one cubic foot of fresh
air per person per minute will meet the oxygen require-
ment and about 3.5 cubic feet of fresh air per person per
minute the carbon dioxide requirement. In fact the figure
of one cubic foot may be used in closed spaces in very
special circumstances, but it has no relationship to ordin-
ary buildings.

25 At the statutory minimum space requirement of 400
cubic feet per person, the graph indicates 9 cubic feet of
fresh air per person per minute (640 cubic feet per person
per hour) to deal with oxygen supply, the carbon dioxide
content and odour removal. This is increased by 50% to
allow for some physical activity giving a recommended
value of 14 cubic feet of fresh air per person per minute

* The threshold limit value (TLV) refers to airborne concentrat-
ions of substances and represents conditions under which it is
believed that nearly all workers may be repeatedly exposed day
after day without adverse effect. See Threshold Limit Values
Guidance Note E15/78 (obtainable from HMSO, Price 30p).
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(840 cubic feet per person per hour). This figure is in excess

of the indications for Yaglou’s Table (Table 1, page 5).
where he suggests 12 cubic feet of fresh air per person per
minute if the air space is only 300 cubic feet or 7 cubic
feet per person per minute if the space is 500 cubic feet.
Presumably about 10 cubic feet of fresh air per person per
minute (600 cubic feet per person per hour) would meet
the statutory space requirement of 400 cubic feet if
Yaglou’s Table were used.

26 Table 3 (page 7) gives the American recommendations
(Ref. 2) for outdoor air, i.e. fresh air, to be supplied to a
wide range of buildings with modifications to allow for
smoking in some instances. In each case a recommended
and a minimum amount of fresh air per person per minute
is given or a minimum volume of fresh air per square foot
of floor per minute.

27 Table 2 (page 6) gives the figures to which United
Kingdom ventilating engineers work (Ref. 3). Here again
recommended and minimum quantities of fresh air per
person per minute and per minute per square foot of floor
are given, with an added note that calculations on the
former basis should be checked against corresponding cal-
culations on the latter basis. It is also to be noticed that

a further check is added in the last column to deal with
rooms with a ceiling height of about 10 feet. For example
the figure of 0.1 cubic feet of fresh air per minute per
square foot of floor may well be adequate for the older
type of departmental stores with large high rooms, wide
walkways and small showcases but quite inadequate for
modern self-service stores with low ceilings,narrow. passa-
geways, racks full of goods from floor to ceiling and crow-
ded conditions. In these circumstances it has already been
suggested that the minimum amount of fresh air per squ-
are foot of floor should be of the order of 0.6 cubic feet
per minute.

-~



CONCLUSION

should never fall below 10 cubic feet (0.28 cubic metres)

28 The necessary volume of fresh air per person per
minute varies considerably with the circumstances. These
volumes can be determined from the fundamental con-
siderations already discussed. They have also been set out
in some detail as recommended and minimum quantities
in the references quoted.

29 It must not be forgotten that quite apart from the
fresh air supplied there is an infiltration of air into a buil-
ding which may easily double the amount of fresh air
actually available inside although this is omitted from the
calculations.

30 Nevertheless in general the recommended figure is to
be preferred to the minimum figure as given in engineer-
ing reference b'ooks, and the quantity of fresh air supplied

Table 1

. per person per minute in ordinary normal buildings.
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Minimum values of outdoor air requirements (Yaglou et al 1936}

Fresh air supply

Air space per required {cubic
Type of occupants person feet per person
{cubic feet) per minute)

Sedentary adults of average socio-economic status 100 25
200 16
300 12
500 7
Labourers 200 23
School children of average class 100 29
200 21
300 17
500 11
School children of poor class 200 33
School children of better class 200 18




Table 2 Fresh air quantities for fully air-conditioned rooms

(see Guide, Reference 3)

Cubic feet Cubic feet
per minute per minute Air change
Application Smoking per person per square for 10f¢
foot of room height
Recommended Minimum floor

(1) (2) (3) ! (4) (5) (6)
Banking spaces - Some 10 7% 0.25 1.5
Board rooms . . Heavy 50 30 0.5 9.0
Cocktail bars Heavy 30 25 1.26 7.5
Department stores Some 10 7% 0.1 0.6
Factories None 10 7% 0.2 1.2
Hospital, operating rooms None — - 20 12.0
" private rooms - 30 25 0.33 2.0
“ wards - 20 15 0.4 24
Hotel rooms Heavy 30 25 0.33 i 20
Laboratories Some 20 15 0.25 1.5
Offices, general Some 15 10 0.25 1.5
' private None 25 15 0.25 1.5
*  private Heavy 30 25 0.25 1.5

Resistances Some 20 15 0.25 -
Restaurant, cafeteria Heavy 12 10 0.75 4.5
" general Heavy 15 12 0.75 4.5

Theatres Some 17 17 - -

Notes

(i} If column (3) or (4) is used to determine fresh air quantity then the air changes rate should be checked to ensure that it does not
differ greatly from the figures of column (6)

(ii} The design engineer should check that local regulations or bye-laws do not call for figures in excess of the above.

(iii} All inlet air or operating theatres should be fresh.

{iv) The amounts given for operating theatres and laboratories should be considered as minimum figures.




Table 3 Outdoor air réiquiremontsa

(See Handbook of Fundamentals Reference 2)

] . _ Cubic feet

| Cubic feet par minute
l Application Smoking per minute per square
per person foot of
floor
Recommended Minimum® Minimum®
Apartment
Average Same 20 10 -
De Luxe Some 20 10- —
Banking space Occasional 10 7% L
g Barber shops Considerable 15 10 -
i Beauty parlours QOccasional 10 7% -
l Brokers’ board rooms Very heavy 50 20 -
i Cocktail bars — 40 25 -
i Corridors (supply or exhaust) - - - 0.25
: Department stores None 7% 5 0.05
: Directors’ rooms Extreme 50 30 -
. Drug stores? Considerable 10 7% -_
Factories ’ None 10 7% 0.10
Five and ten cent stores None 7% 5 -
Funeral J)arlours None 10 7% -
Garages - - - 1.0
Hospitals
Operating roomsf'g None - - 20
Private rooms None 30 25 0.33
Wards None 20 10 -
Hotel rooms Heavy 30 25 0.33
Kitchens
Restaurant - - - 4.0
Residence - - - 2.0
Laboratories® Some 20 15 -
Meeting rooms Very heavy 50 30 1.26
Offices
General Some 15 10 0.25
Private None 25 15 _ 0.25
Private Considerable 30 25 0.25
‘ Restaurants
Cafeteria® Considerable 12 10 -
Dining room® Considerable 15 12 -
Schoolroomsd None - - -
Shop, retail None 10 7% -
Theatre None 7% 5 -
Theatre Some 15 10 =
Toilets™ {exhaust) — — - 2.0

Copyright by ASHRAE, Reprinted by permission from ASHRAE Handbook of Fundamentals 1967°

(a} Taken from present-day practice. {e) May be governed by exhaust.

{b) This is contaminant-free air. {f) May be governed by special sources of contamination or local codes.
{c) When minimum is used, take the larger of the two. {g) Al outside air recommended to overcome explosion hazard of

(d) See local codes which may govern. anaesthetics.



FURTHER INFORMATION

This Guidance Note is produced by the Health and Safety
Executive. Further advice on this or any other publications
produced by the Executive is obtainable from Baynards
House, 1 Chepstow Place, London W2 4TF, or from Area
Offices of the HSE,

Guidance Notes

Medical Series General Series

MS3 Skin tests in dermatitis and occupational chest disease @GS 1 Fumigation using methyl bromide

MS 4 Organic dust surveys . Gs2 Metrication of construction safety regulations

MS 5 Lung function - GS3 Fire risk in the storage and industrial use of cellular plastics
MS6’ Chest X-rays in dust diseases GS4 Safety in pressure testing

MS 7 Colour vision GS5 Entry into confined spaces

MS 8 Isocyanates - medical surveillance GS6 Avoidance of danger from.overhead electrical lines . .
MS 9 Byssinosis GS7 Accidents to children on construction sites

MS 10  Beat conditions and tenosynovitis GsS8 Articles and substances for use at work - guidance for

MS 12 Mercury - medical sufveillance designers, manufacturers, importers, suppliers, erectors
MS 13 Asbestos ' and installers

MS 15  Welding

MS 16  Training of offshore sick-bay attendants (‘rig-medics’)  Chemical Series

Environmental Hygiene Series ) Cs1 Industrial use of flammable gas detectors
Cs2 The storage of highly flammable liquids
EH 2 Chromium - health and safety precautions
EH 4 Aniline - health and safety precautions
EH S5 Trichloroethylene Plant and Machinery Series
EH 6 Chromic acid concentrationsin-air PM 1 Guarding of portable pipe-threading machines
EH 7 Petroleum based adhesives in building operations PM 2 Guards for planing machines
EH 8 Arsenic - health and safety precautions PM 3 Erection and dismantling of tower cranes
EH9 Spraying of highly flammable liquids PM 4 Safety at hight temperature dyeing machines
EH 10  Asbestos - hygiene standards and measurements of PM 5 Automatically controlled steam and hot water boilers
airborne dust concentrations PM 6 Dough dividers
EH 11 Arsine - health and safety precautions PM 7 Lifts
EH 12 Stibine - health and safety precautions PM 8 Passengers carrying paternosters
EH 13 Beryllium - health and safety precautions PM 9 Access to tower cranes
EH 14 Level of training for technicians making noise surveys PM 10 Tripping devices for radial and heavy vertical drilling
EH 15/78 Threshold limit values machines
EH 17 Mercury - health and safety precautions PM 13 Zinc embrittlement of austenitic stainless steel
EH 18 Toxic substances: a precautionary policy PM 14 Safety in the use of cartridge operated tools
EH 19 Antimony - health and safety precautions PM 15 Safety in the use of timber pallets
EH 20 Phospine - health and safety precautions PM 16 Eyebolts
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