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Introduc t ioD

Con taoinant Charac teriza! ion

(h¡tdoor

For nore Ehan 100 years, the relative inporlaoce of coolact ¡nd

airbqrne vectors for con¡iminaiion ot infection of patíents ¡nd et¡ff hes

been deb¡ted. lloreoveú, the debate has been concerned eith the rela!ive
igporE¡nce of endôgenous and exogenou8 sources of conÈaEínr!ion'

ttiqtoriceltyr concôrn h¡s been concentr¡ted on the hospital operating
.'ú, tl. quentity of air supplied to the roo, and chéthei lhe air ehould

6" ¡gsi¡s¿l¡têd. tlore recently¡ enerty congerv¿tion and cost-co¡taíû!€ttt
piog.*" in hospitale haue e*ieid"d the concern for effective oethods of
ii.-qu.rity conirol to include all areae of the hoepital'

In this paper, indoor and outdoor sources of gaaes and vapors' inert
and vi¡ute ii.".', biological) particulates, end r.edí.oouclides ate
characleriaed for nine func!iànal categoriee rrithin ho¡Pit¡l¡¡
aosceptibitilies and exPected reaPonses (i-'e, etraine) of occupants rithin
tbes€' euqctionet categories "t" 

described; prelieinary criùeri¡ for
acceþteble air quality ìre proposed; and methode of control th¿t sre tÚ
avaii¡ble to achieve theee conditiooa are reviesed'

't¡be r nust be knovn before it
aucceaef ln ASHRAE Stand¡rd 62-1981,
quality ccmply nith valuee províded
Èeble8, by appropriete techniquce
ccnplitn claioed (l)'

c¡o b€
úf rbe
in tro
beforo

Àbove-r.r¡de. concestr¡tiono of cont¡¡ioeota uithin the zotc bosnded

b, iËffill¡f.g eire (i.e., ¡eco-eoviroøent) require lDcci¡l
eä¡,sider¡¿ion. If ¡Ue gu¡tí¡y of tbis ouldoor ¡ir ie unLnoun, it cannot bo

ioniroflea ¡nd the u¡e of vcntil¿tioo óystÐô uoder the¡€ co¡di¡ioos .ay
Ë "o,r"i.r-prod¡rc!¡ce. 

?or ererple, i¡ the ASBEIE Po¡itioo Papcr oo

ll3ionelloeíi (2)¡ incrc¡rod vortíl.lioo r¡!6r uGre co¡¡idered .na
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che outdoor air (i.e, nacro-environment) or in Ehe make-up air (i.e,
neso-enviroment) can be porentially higher than in Èhe indoor air; and 2)
ventilation uith outdoor air sas not cost-effective for Legionella
bacteria duê to the cosE of the required filtraÈ ion.

BeIos-8rade. The meso-environment is also the source of conteminants
tha¡ enter the hospitsl through the building sub-structure. The soil
surrounding the building contains air, soil gases (e.g., radon), and
vater. ln addition to non-viable components, soil also contains Iiving
organ i sos uhose ue tabol ic and decay processeg cause changes in the
composition of the soil. The soil charscteristics may be due Èo naÈuraI
phenonomen, but Èhey may also be due to anthropogenic factors. For
example, Iandfil.l nay exhibit subscantially different characÈerisÈics then
the original soil. Such cases have been reporced in which high
concer¡trations of radon frq¡ nine tailings, industrial wastes (e.g.,
dioxin), pesticides, and fertilizers uere detected in the soil gas.

Indoor Sources

Functional categories. In åddiÈ ion Eo the prinary health care
funcÈions thst a hospital provides, it contains nearly every type of
function found in other buildings. Because of this complexity, Iists of
morc thån I 20 func t iona I areas have been publ ished by var ious
organizations. A co¡DposiÈe of these lists characterizes lhese functions in
nine funcÈionaI caÈegories: I ) Administrarive Facilities including support
offices, main lobby, admitting and business arees, and médical records; 2)
Diagnostic and Treatment Facilities including laboratory, pathology and
radiology suites, rehabilition and inhalation therapy areas, pharmacy,
dental and ocher services such as counselling and educational services; 3)
Nursery and Pediacric Facilities including fuI[-!em, special care,
observation and premature nurseries, and pediatric and adolescent nursing;
4) Nursing Facilit ies including nedical, surgical, post-partun and
psychiatric nursing units, and intensive care units; 5) Surgical
Fac ilit ies including operaring, recovery and saiting roms, and service
areas such as scrubbing and srerilizing facilities; 6) Centrsl Sterilizing
and Supply Facilicies including sterilization rom and general stores;7)
0bstecrical Facilities including delivery, labor, birthing, recovery
rooms, and service areas such as scrubbing and sterilizing facilities;8)
Emergency Facilities including treume end eaiting roms, and service areas
such as scrub sEaÈions and toilet facilities; and 9) Service Facilities
including dietary, dining, laundry, nechanical, and employee facilities,
maintenance shops, and saste processing facilities.

Huan occupancy. In many functional areas of Èhe hospital, the
hospital staff, patients, and visitors nay be the prinary indoor sources
of acousÈic, themal, and mass 6Èreasors:

Sound porer frm conversational speech ranges frcn 8 - 9I u[f (3);
Heat dissipation ranges fro 0.7 - 3 üets (4);
Respiration results in typical emission rates of -38 g/trr O.,32
g/hr COr, end l2 g/hr uater vapor for healthy, sedentary ad'ult6,
but uay- vary by a fåctor of 10. due to activity levels and
reepiraÈory quotienta (4, 5);

o
o
o
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average of 4 viable bacteria (7' 8' 9)'

Processes. Alternatively, Processes conducted wirhin Ehe various

fu."tiffi" ;;t; rhe piimary sources of acousric, visual, thernal,

aspergillosis (17).

ri¿le and furuiehinge oay eloo be aignificant
aour thetral, and nest aÈreeaors' Noiee' light'
and tion, and reflection chaEacÈeriscicB are sell
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documented. Houever, similar characteristics for Èhe gâses' vaPors'
parriculares, and radionuc readily available' These

macerials may e.it signific tåüinants. Sources include;
masonry and uood products; tic insulation; fabrics such

a" carpeting, drapery, upho er; and paints and adhesives
(5, r0).

Human Responses

(l) ASHRAE Standard 62-1981' VenEilation for AccePtable Indoor Air

Quatity. A¡nerican so"iö ;ii;";;s' Refriserating' and Air conditioning

Engineers, AtlanEa, l98I'

(2) ASHRAE posiEion PaPer on LegionelLosis.' Pa't I: Basic inforrnation'

Pårt II: EnvironnenEal, energy and economic implícarions' A¡erican Society

of HeaÈing, Refriger"ti";;-;;á Àii con¿itionini Engineers' Atl'anta' 1981'

(3) Knudsen, V.O., end llarris, C'l'l' Acoustical Designing in Architecture'

Àr".i""n Institute of Physics, r978, 35'

(4) Fanger, P.O. Themal Confort' Robert E' Krieger Publishing CorPany'

Malabar, Florida, 1982.

A sumary of contaninant sources, suscePtible populations, and

expec!ed strains Èo unacceptable concentrations of contaminants within
each functional category, shosn in Table I, indicares that a set of cqnmon

sources and cOmon sÈrains nay be expected in aIl funcÈionaI categories.
Hoyever, several of lhe caÈegories also have imPortant unique
characterisÈics.
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Proposed Criteria

A proposed set of air quality criteria for acceptable conÈrol uithin
the funirional categories is shown in TabIe 2. These criteria PresuPPose
rhat the ¡hermal, lighting, and acoustic criteria for each category are
also oer. cmpliance uith Ehese criteria vould be mec uhen both the
objective and the subjective úeasures sere achieved.

Ètethods of Control

This reviec of the rypes and sources of conÈaminanÈs found in the
functional c8tegories indicates ÈhaÈ 8a6es and vapors are ubiqitous'
Houever, a revieu of the literature indicatea thåt the prinary nefhod of
controliing the concentrations of these gases and vapore is by dilution
uith outdoor air, uith little or no treatnent provided for Èhat outdoor
air, even shen its concentretions exceed e8Èsblished guidelines and

standarde (2). A sinple mass balance of a one-ccfûpartnent model indicates
thar in the case of a uniforoly nixed sPace' lhree methods of control may

be applied: source control, renoval, and dilution (5). For purposes of
inproved environnental control and reduced costs of eqergy and operations,
it is rec@ended that:

l. Source coû¡rol be evaluated as the priuary nethod of reducing
e¡i such ¿s CO, NO2, NrO, halothane, EÎO, IICHO'

ltcN
2. Exp [ gases, YaPora, and particulates be oininized

by air diatribution P¿tterns eithin end bêtreen
lhe ch lhe aourcea exict or vhich the Eost
susceptible populations occuPy;

3. Optioize the uoe of renoval and dilution conÈrol str¿tegies to
achieve tbe accePlable envirooentel quelity and nininr¡n
life-cyclc cortr.

(7) Rifey, R.L., t{etIs, I'l.F', Mills., C'C".Nyka' !1" and.ì{clean' .R'L' Air
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of the IgTg rn,..n.,io.J- wo.tirg conference: llospital ventilâtion
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LBL-I0475, 1980,7-25.
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îable I. sources, susceprible populations, and strai.n¡ githin functional categories

l. AdninistrsEive lobacco soke'
Facilíties Consuer Producls'
Copy oachines,
Decorative Plants

-aSources ot
ContÐina I ion

Volatile choicals,
SÈerilants and
disinfec'tants (HCHO' ElO),
BeddinS and cIothin8

Volatile chæicals,
SÈerilants and
disinfec lants ¡ consuer
products, Bedding and
clothing, Decorative Plants

volatile cheoicals,
Slerilants and
dis infectants' Consuoer
Product!, Bedding and
clothing, Decorative Plants

Nature of surgerY'
Surgica I shee È s and goms I

Anesthetics, Volatile
chmícaIs, Aerorols,
Sterilånts and di¡infectsnte

Susceptible
Popula t ions

AtuinistraÈive ståff,
vis i Èors

tledical and nursing
staffs, Technical
staft, PaÈients

Infenls, Mothers 'Adolescent PatientEl
Medical and nursing
òtaffs, Visitors

Patients,
visi lors,
Vedical and nursing
st¡ff¡

Pet ienÈs,
lledical and nursing
stsffs

Func t iona I
Ca (e gory

2. Diagnostic
and Treatnent
Facititieg

3. Nursery,
Pediatrics' and
Ado le sc ent
Nurs ing
Faci I it ies

4. Nursing
Faciti¡ies

5. Surgicel
Facilities,

7.0b6tetricål
Facilitiee,

8. Eoergency
Facilicies

6. Cenlral
Sterilization
and Supply

9. Service
Facilitieo

str¿ inb
( Re s poose )

Intec ! iona ,
lissue
de ter iora t ioq

Infec¡io¡e

Infec t iong

Iofec t ione

In fec t ioo¡

Volatile chmicals, Technical staff
Anes the t ic s ,
Sterilsn!s snd disinfectants

Other bioeffluen¡e, Pslienle, lledical and

Vol¡tile chmicals, Medical and nuraing
Àeroeolized eoape, food staffs, Technical staff'
particles and detergents, Adninistrscive s!stf
SÈerilênts ând disinfect¡nt3,
Bedding and clothing, UtilitY
euppl iee , Cmbus t ion equiPoent,
ElecEricla equipoent

t So..""" c@on to all categoriee: Huån bloeftluente, Buitdiog Eateriâls¡ losectieides and

peetieides, Eousekeeping, u\lAC syste[s, Ouldoor air'

b Str"in" co@on !o all eetegoriec: Odor, Eyc sod skín irritrtion, Re¡pir¡lory difficutty,
lle¿deches, Dizziness, Sleepioeee.
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Table 2. Propooed criteria for acceptable air quality in hospitals

Cri teria
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SUMMARY

RESIJI{E

Albrech E :

J. E . lloods M.A. Ficht and
ta

Albrech iteria and
energy conaervat

osts. In th

thode of
coa Èr

con a nmen t come more tant to hea I Èh care servicee, neg

conÈrol straÈegies are being evaluated r¡hich nay provide iuProved air
is paper, sqle sourceg ofquality while reducing

.e inert and viable), and radioac! !vegaseous, vaPorous' Pe
contaninants are ident ified wichin nine funcÈional categories of the

hospital. Susceptibilities and expected strsins of hospitál occupante in
response to exPosure Eo these cont aminants are desc ribed, FrdD these

facÈors, preliminarY criteria for con t roI purposes are recømended, and

available nethods of control are rev iewed. It is concluded lhåt contro
of gases, vapors' and radionuclides nay be as iEPortant co occupant

weIl-being as conErol of viable part iculates, and thst air dis t ribut ion

patterns within and betseen roong Are as important to dilution and

removal control as the quanÈiÈy of a ir supplied Eo the roús.

operating c
rÈ iculate ( iAi rborne

Conteninan t

Gases and Vapors
AnðJè ih.tì-gase s
(N2o, haloÈhane)

Carbon dioxide
(co2)

C¿rbon nonoxide
(co)

Ethylene oxide
(ETO)

Forna ldehyde
(HCHo)

Hydrogen cyanide
(HCN)

Nitrogen dioxide
(No2)

lfater vapor
(H2o)

Xy I ene

Particulatee:
lner È

Bio logica I

R¡dionuclidee:

Object ive
(Stressor)

< 5 PPo (8 hr T1{A)

( 2500 pprn for continuous
exposure if gas removal
equiEuent is used;
othersise ( 1000 ppra for
cont inuous exposure

Subjective
(Strain)

Absence of headaches or
fa t igue

0dors frcm human
bioeffluents nay be
detectable shen co2
) 1000 ppm.

itàre et de( 3 pp. for exposures
) 24 hrs

f I ppr in labs,E hr TflA;
otheruise ( 0.3 ppo

5 0.1 ppr for continuoue
exPoaure

5 5 ppr for l0 oin

( 0.05 ppxn for continuous
exPosure

30 - 60u RH

( 0.75 ppo

Odo rle s s

ConcenErations are
< 0.00t odor threshold

( 501 occupants
expected to detect
odor.

Odor threehold for
trained persong.

( 0.5 odor recognition
threshold.

Thernal and odor
acceptability.

Odor threshold
0.5 - 1.0 pp..

Concentrations should
be less in areae sith
6usceptible populat ions
(allergic, hypersentive
occupants).

Absence of odor,
infec!ion, conÈagion.

Abaence of tiseue
de ter ior¡ t ion

à la chanbre.

J.E. Woods Ficht and
que

conserva rg eet e des Pe nse I 9()n devenues de plue

en plus inporcantes Pour les services de santd, des atra tdgiee nouvellee de

rÉglage sonÈ en trai¡r
d'air améIior6e et à

dr ätre évaluées qui pourraient fournir une qual ité
la foie réduire lee frais dl opdration. Dens ce

KURZFASSUNG

J . E. Iloods ü,4. Fichl and R.J : Richllinien llethoden zur
n und Kost

I st6lten. Ilir ber-S z5 ug/n3 (rsp)
a von
ichten hier
LuftqualitËt

ù'ber neue Regelungsstrategien, die ercogen wurden, verbeaeerte
versprechen und gekoPPelt eind nit reduzierten Betriebekoe len.

Luftverunreinigung durch Gase, Daopfe, Tei lchen (staub, BaLterien) ur¡d

radio¿ktive Elemente wurden ident ifiziert in 9 Krenkenhauaabteiluogen. Die
ia Kraukenhauo, die diegeoEopfindlichkiet un Beanepruclrung der Henscheo

Verunre inigungen
Regelung dieEer
tach!et. I{ir e

auðgesetz! gerden beechriebeo. Vorlaufige BíchtlÍnien zur
Fektoren surden suageê rbeitet uûd vorhandene llethoden begu-
ind iiberzeugt, da88 die Regel ung luftvereeuchender G¡se,

Dãnpfe und radioakt. EleûenÈe eben 8o vich t ig fúr da¡ llohleein der Krenken

eein kenn ¡¡ie die Beseitigung von Krankhe iteträgern, uod dase díe Luftver-

r

( 1000 CFU/n3
Tor epecial cI

except
ean tretS

Badoo < O.OI HL

teilung zsischeo Zinoern und innerhålb einee
80 förderÈ víe die zugefülrte Luft selbst.

Zimera die Luftqualitüt ebeo


