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RESTRACT

In this brief report we make scme suggestions ta the ASHRAE
standards cammittee on some items that we believe should be

considered in setting vertilaticon standards.

ARfter revewirg the past ard recent history of attempts tao set
air—polluticn standards faor buildirgs ard irdoor spaces, we
consider alternative future standards ta achieve not only
adequate comfort, as was the intertion of past standards, but
health protecticon, arn area almost entirely rneglected previacusly.
We find that the vertilaticon requirements to achieve acceptable
health protection would lead ta uracceptable erergy costs in many
situations. We therefore recommend standards féar heat—excharger
systems, for filters that carn control particulates, hydrocarbens,
and radon gas, and for such important details as flow directiorn
and system mainternarce. Firnally, we reccommend the setting of
starndards that waould enccurage what we terms "pollustat” systems,
analogous  to thermostat systems governing temperature levels, by
which four surrogate pocllutant levels would be kept belaw
suggested threshaold levels in all carditicns of building use ard

CCCuUparncy.
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Intrcduction

In the 1last century pecple have become aware of the
impo;tance of reducirng air-pollution. Although Edward 1 of
Erigland ordered that the makers &f kilrns of Southwork stop using
coal (Plantaganet, 1327) and the diarist John Evelyn wrate a
pamphlet abaout air-pollution (Evelyn, 1661), it was cnly in the
2@th century that active steps have been taken to curb air

pollution iv the major irndustrial cities.

In the period 140@-170%, pecple thought diseases were caused
by crowds——and refused to get together in large roams. When they
did get together iwv churches they used ircerse to mask other
cdors. The idea of irdoor air-pollution did rnot, of itself, seem

important.

There were, as recently as 1352, high corcentraticons of S0z
and particulates in an air-pollution irncidert in Laondor. On
subsequent occasions (Jarnuary 1356, for example) residents of
Landaon, particularly asthmatics and the apged, were ericouraged ta

stay indcors, where the air was assumed to be, and probably was

aften purer.

This perception that indocor air is likely to be purer, in
gerieral thar cutdoor air remaired until the middle of the last
decade. Ore of the first air .pollutants to be discussed by
public—-health experts was radon gas (ard its daughter products)

(Moeller, 1376). Since then cigarette smoke, fcrmaldehyde, and
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crganic campounds generally, have beeri brought forward as

potential public—-health hazards.

The simple twin facts that urban pecple spend more time
indoors than cut-of-dcors, ard that in the late Z0th century the
indoor souwrces of pollution are often more riumercus and in total
movre important tharm cutdoor sources, have spurred interse study.
Three recent internaticmal confererces on indoor air-pollution,
and should spur re-examination of the purpose as well as the

detail of ASHRAE's vertilatiorn stardards.

Inmpoartarce of the Standard

In the 159th century standards were vastly different fram
taday. There were no mechanical fans, and air circulation was
accoamplished by designing proper buildings to ernsure rnatural

circulation.

Before 13973, it was easy to specify that air should circulate
freely in large quantities. However, the rise in cast of fuel in
1373, followed by the larger rise in 1979, makes a re—examinaticr
of this corncept marndatory. In domestic homes it has been
estimated that half the heat escapes through walls and windows by
thermal conduction and half goes to heat up the air which enters
by infiltration. Recert fuel-saving measures do rot greatly
alter this ratio: as much has been spent on improved insulation

in houses as has been spent on plugging leaks.
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In commercial aoffice ard irdustrial buildings the erergy used
to heat incoming air is often five times the amaurnted rieeded to

supply losses through windows arnd walls.

Over the last ter years there have been many studies of
saving fuel through more efficient insulation and vertilation
reducticon. Those who have stridently advocated such measures,
whether to avoid the erviraormerntal depgradaticorn of coal burriinng or
the unknown darngers of riuclear power, have often derne =so with
heedless disregard for the risks. Na pamphlet fram DOE's
department of erergy conservation discusses these risks. It is
therefore important that professional organizations such as

ASHRAE do so laudly, clearly, arnd with erudition.

The Purpase of Air-Foallution Reduction

The maost obviocus sign of irdustrial air—-pollutian is
visual--"this horrid smoke, which cbscures our churches armd makes
cur palaces look old, " (Evelyn, 1661). The effects on public
health are less obvious, much harder to defire ard prave, but in
the lorg rurn more important. Thus the U.S. Senate declared in
137@ that "the health of the pecple is more important tham the
question of whether the early achievement of ambiert air—quality
standards is technically feasible" (U.S. Senate, 1970). Even
YICW, industrial smoke is still often controlled by wvisual

methods.
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Likewise the first public caoncern of irdoor air-pollution has
rict beer that of public-health per se, but of "camfort." It is
easy to ask a group of people if they feel camfortable at certain
temperature, luminosity, and ventilation levels; it is
sophisticated to quarmtify the health risks of air-pallution, far
it presupposes a methad of defining and measuring these risks.
Nornetheless, we feel that the time has come to address these
issues quantatively and tuo state categorically that the purpose
of regulations is to reduce risk, and that the levels must be set

s that the risks are reasconably law.

As we identify the risks which we are discussing, we can
distinguish two distinct gereral types: acute risks and chrarnic
risks. High carbor-moroxide levels nose an acute risk. A persaon
exposed to high levels of carbor-movoxide carn be killed inm a
short time——an hour or sco. Scome pollutants, while rnot posing  an

acute risk aof death,; pose arm acute risk of illress.

Chronic health effects are less aoften rioticed but may be more
serious. It has beern ricted, for example, that children braought
up  in homes where ore parent smokes cigarettes have a reduced
rate of growth in lung furctiorm compared with those wha live in
less-polluted haomes (Eerkey, 1385). ARlthough reduced 1th
function is not, in itself, an ailment, the reductiorn may well be

irreversible and may lead ta a host of problems later in life.

AR more well—-kricwn chronic effect is carncer. Irdocor air

polluticrn can contribute to carcer incidernce by at least three
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kriown paollutants: cigarette smoke; fowmaldehyde and radon gas.
Risk arnalyses can be perfcrmed for each of these pollutants  and
the effects on public-health estimated. Orce this has beeri daore,
it is possible to compare the effects of different irdesr—
pollutant concentration levels, and herice of different

veritilation starndards.

It is owr cornsidered opivicon that the time has come for  the
ASHRAE wventilation stardard committee, SFCeEEZ-1981R wauld be
shirking its duty to the public if it failed to adcéress the

carcincgenic potential of indocr air—-pollution.

Possible Venmtilatiorn—Stardard Onticons

Historically, ventilation standards have beer set at either
fixed levels, or levels which vary with raom type and CCCUPAaYICY .
It is, for example, common to discuss a standard for verntilsation
of, perhaps, 2@ cubic feet per mirnute per cccupant, withaout
regard to air-pollution sources. This is logical if, ard cnly
if, the daominant scurces of air-pclluticn are peonle themselves,
or are directly proportional to cccuparcy. This might be true
for cdors and  for COzj; however peocple do not  emit rador,
farmaldehyde or berizopyrere. Therefore we we maintaih that it is
logical and, as we will discuss belaow, recessary to consider
ventilation requiremerts that depend upon scurces as well as
cccupancy. Ideally, of course, the requirements would depernd uparn
measured concerntrations, But there are mary paollutarnts in indocr

air and they carnct all be measured. Therefore, we revert below
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to a discussion of a choice of surrcgate caricentration measure.

The Measure af Odor

As naoted abave, the standard methad for choosing a
verntilation stardard has beern based or the measurements of adaor.
The classic measurements of Yaglow (193£) deomirnated the field fore
many years. He found that levels of air changes varying from £
cfm (2.4 1l/sec) ta 25 cfm (11.8 1/sec) per perscon were needed tao

reduce adaor.

The best studies in the modern era are probably those of Cain
and Leaderer (13828) at Yale Urniversity. They fournd that 72-82a%
of persorns failed to discern any odor with ventilaticn rates of
about 7.3 efm (3.8 l/sec) per oeccupant for roaoms with moderate
humidity ard no cigarette smoking regardless of craowdirng. However
wheri smokers are present, five times the vertilation rate (37.5

cfm or 19 1/sec) is rieeded to reduced discomfort.

The reguirement that 70%-82% of gersaors rnotice na cdiscomfors
seems to us to be marginal, Over the years the public has become
more and more cognizant of the "sernsitive irndividual" and
attentive to his/her reeds. Thus the FDA in its regulatigns
often demands that less than 1% of perscorns be adversely affected.
The EPA has taken a strong position alsa. We feel that ASHRAE
should consider moving with the times. It should recagrnize that
sensitive individuals exist and foarmulate more stringent

standards to protect these irdividuals.
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The Fixed-Stardard Opticn

There are those who propose that ventilation stardards be s=%
indeperdent of scurces of pclluticn, ever wher these sources are
kricwr arnd cantrollable, but are in fact rnot controlled.
(Cigarette smokirg is arn cbvious ore, but rict the cnly orne.) In
our view this would be arn acceptable acptiorn ify, and enly if, the
ventilation standard is set high encugh~—at least 4@ cfm per
persar. The fuel-conservaticrn measures alluded tao in secticr =
wonld prevent sericus  consideraticon of this as a viable

altermative.

The Variable Stardard-—-Varicus Rlterratives

The problem ard experise of maintairming a high verntilation
rate in a era of high fuel cocsts leads to a suggestion that
ventilation vary, not merely with the ceccuparcy by pecaple, but
alsa  with the occuparcy of any polluticon sources they brirng with
themn. It seem impertant to us that this variable starndard
conicept not, in itself, single out a particular pollutant.
Although cigarette smake cseems row to be the most  frequent
pallutant, cthers may at a later time be seen to be more
impertant. Neretheless a dual standard seems a good start. This

could be based orn the measuremerts of Cain arid Leaderer.

8 cfm (3.8 1/sec) per rnorsmaker

40 ofm (13 1/sec) per smoker
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It might be sersible tc add a fixed amcunt perhaps of & cofm
per 1292 square foct of floor area,to allow for carpets glues and
sa forth (needed conly when pecple are presert to inhale the
pollutant!) This additicral amocunt per fleoor area sheould  be
ircreased for new apartments (wher a fleoor has Just beer glued

or when rnew fabrics have beer installed).

Of course this level is adjgusted sao that 20% of ror—smokers
would nrot  rnotice the cigarette cdar. It is therefore a mirimum
level and should be irereased to take into  accournt sensitive

individuals.

There is one-—and only crne-—-circumstarice inm which we believe
that a ventilation rate of 35 cfm per smoker could be reduced.
This is wher all perscons presert in the rcom are smeokers and are
presumably voluntarily accepting the air-pallution (we leave
aside the thaorny questicon of invaluntary addictionm hgwe) ar any
non—smokers whao have volunmtarily and explicitly accepted the
pcrllution., We would add that the smokers present would be well

advised, for legal reascrns, to get such a waiver in wrriting.

Standards for Carcirncgers ard Chranic Effects

The minimal standards suggested above are based entirely upcon

cdor and comfart requirements with rio corsideratiorm  for

carcincogens. We suggest that the levels for  irndoor carcinogens

be set in a similar way to that ir which EFA arnd FDA set
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stardards for air and water. These standards faollow gereral
principles as outlined in, for example, the regulaticons of the
State Board of Health of the Commorwealth of Massachusetts in
1863 where it is stated: "We believe that all citizerns have an
irherent right to the ergjoymert of pure and  urcontaminated air
and water, and sail; that this right should be regarded as
belarging to the whole community; and that reo cre should  be
allowed ta trespass upon it by his carelessrness or his avarice aor
evern by his ignacrarce. This right is in a great measure
recognized by the State, as appears by the Gereral Statutes.

The EPFA and FDA have discussed an acceptable risk level of 1
in 126 per lifetime (1.4 irn 1@8 per year) although levels up tao 2
in 128 per year are discussed by athers (Fochin, 19755 Crouch and
Wilsor, 1382). These levels are to be calculated
"corservatively", a term which usually ircludes straight-lire
extrapcalation from observed levels at high expasures, and a
conservative animal-to-man compariscn. Zeise, Crouch ard Wilsem
(1383) have rioted that in spite of the EPA’'s claims that seome
specific chemicals which are 103 times more strirgent, 1 in 126
per year is barely met for many scouwrces of drinking water.
We argue that a level of cigarette smoke leading to a risk of
1 in 126 penr year might be acceptable but arny more would reed
attention. The risk 1is not acute, ard therefore the attention
can be such as toc keep the average low over a pericd as lang as a

year,

Repace and Lowrey (13812, 198&) have discussed this problem
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and their calculations have beer preserted ta this committes.
They find that g70@ 1/sec per persam is rieeded to reduce the
level ta a 1.3 x 10~7 arnual risk. Evern foar a 126  arnual risk
this is 330 l/sec per persorn——about 20 times the level suggested
above. We note that this 1is roughly consistent with an
cbservation by Wilsan (1377) that the risk suffered by a
rieri—smoker living with smokers is 1@2-5 per year, arnd 0OSEA

standards on carcinogenic risk must take cogriizarce of this fact.

Repace has been criticized as being somewhat pessimistic in
his calculaticons——perhaps evern by a factor of 1@, Mzreover we
observe here the averaging corcept im any chronic effeck. If the
suggested level of 40 cfm per swmoker is strictly maintairned tao
guard against acute effects, there will be many cccasiors when
smokers are rnot present; few rnor—smokers live all their 1lives
among smokers. For these reasons we cornsider that a level of 4@

cfm per smcker is Just acceptable for gereral public policy,

subject to the comments belaow.

The above allows for the carcincgeric properties of cigaretie
smoke and demands irncreased ventilaticorm when it is present. But
there must alsa be a procedure for appropriate ventilation for
reducing radon and formaldehyde to acceptable levels. This is
rct proporticnal to cccuparcy, but depends on the roam and o its
floor area. Sirce sources are so variable, there seems to be no
alternative ta measuring these levels or installing large
ventilation systems in public buildivrgs ir order taoa ernsure

safety.
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Filtering ard Frecipation

In the days before 1373 when irndoor air  was rot aften
recycled, ard cutside air was the riormal scurce for air chavges,
the question of whether the air was adequately cleared or
filtered arcse 1less oftern. Now, however, that the fuel
requirements for heatirng the air seem excessively expersive and

it is becoming commort to recirculate indoor air,

We waonld, from the standpoint of air quality, prefer the use
of heat excharigers, whereby cutside air is circulated ard the
ejected air warms up the ircoming stream of nominally pure air.

We believe ABHRAE should recommend this as a stardard.

However, we recognize that this is rnot always possible arnd
that air is often recirculated through filters, We call upon
ASHRAE tao recaopgnize the fgct, notgd cover Z@ years ago, that
although some filters take ouflparticulates and and carcirogernic
hydrocarbons, most  remave reither the "musty" ador  vicor the
carcinogens formaldehyde arnd berzopyrere. An activated charcoal

trap folloawing the filter seems recessary.

We also call attentiom to the fact, widely rieglected even
though it is obvious, that fibers ard traps must be maintaired,
and that in many public buildirgs the mairnterarce is reglected.
ASHRAE should call attention ta the necessity wof there being

adequate mainteriarice so that the stardard is met at all times and

b (Bl o
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rnot merely when the irnstallation is riew.

Although we regard filters as very important, we do call
attention to the fact that in scme circumstarnces the circulaticn
of gutside air can be reduced by the use of electraostatic
precipators and negative-ion gererators, and the diffusicn of
icrs by leocal circulatiorn fars. This has beern shewn (Moeller,
1384) to give excellent control of radon ard its daughters (a
reducticn by a factor of 12 aor 2o arnd ma serve to reduce
cigarette smoke alsao. However, we suggest that ASHRAE rot allow
this to be & substitute for a 4@ efm—per-smoker standard but
simply a permissible way of achievirg the standard on a local

basis.

Flow Direction

An important feature of irndoor-air—-pclluticon control  is  the
direction of air flow. This is cbvicus——but often rieglected. A
kKitchern stove will have an extractioﬁ‘fan to remove odors, and if
4 npas stave, nitrogern oxices. Yet all too ofter air flow in
verntilated spaces flows, e.g., from a restaurart kitchen to the
custamers., There are many restaurants which purportedly attend
to the rneeds of their customers by establishing separate smoking
and non-smoking areas, vyet place the rnor—smoking area near the

air-extraction fan, rct rnear the input of clean air.

We feel that the ASHRAE cammittee on vertilaticorn waould do

well baoth to mention, and condemn, the scardalcus cccasicns wher



extraction fans merely take air to arother irnhabited space, and

the more commorn cccasicons when the air flew is in the wraorig

directicor,.

Verntilation Corntrol By Covicentration Measurement

We have menticried that numercus buildings are kriown to us in
which the maintenance of air-circulation devices has been so
faulty that the air has beccme stagnart. This-will cbvicusly be
worse if any attempt is made to marually control circulation farns

in accordance with room cccupancy or smaking habits.

This has led to the suggestion made by several people that
circulation be autamatically corntrolled to reduce some measure of
air—palluticon to an adequately low level, analogous to the use of

thermaostats to corntrol temperature levels.

This seems to be such a gocod idea, that any stardards that
are now set must recognize this as a possible desirable future
contral  system for  public buildirgs. The ventilatisr standards
carn then be charged to satisfy air—quality starndards that can
then be set at a definite caorncerntraticon level of certain

surrogate pollutants.

This topic clearly rieeds extensive discussion. We suggest
that the followirng pollutants be used as surrogates, and
controlled to the proposed concentration levels. We suggest that

the concentraticons be set simultarnecusly at or below the
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following levels:

carborn dioxide (COgz) ( 1a2Q2 ppm

fire particulates ( S5 micragrams/nd
radon arnd daughter products ( 1@ pe/l

tatal hydrocarbars ( 11 ppm

COz will be proportional to occuparncy; fire particulates to
cigarette smcke; radon arnd total ‘hydrocarbons? are a surrcgate
for those of the hydrocarbons that are carcincgenic. If are or
another «of these are rnot measured, arnd excluded, a fixed amount
of ventilatiorn should be added to compernsate. Irnstruments to
measure these pollutants are, however, readily available, and, in
analogy to  thermostats, a "pollustat" system of maintaining
indoor—air quality is riow feasible. ASHRAE shcould set standards
ta permit the high-volume low-cost praduction of such systems ard
to put  this country in the leadership position in this area, as

it was earlier with thermostatic caontrol.
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