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SJUMMARY

OnMarch 21, 1989, the Nationd Inditutefor Oooupetiond Sefety and Hedlth (NIOSH) recaived areguest for a
hedlth hezard evdugtion from empoyess of the Hanning Ressarch Caparation, VirgniaBeech, Virgina: The
repuestarswere concamed about the quiity of theindoor environment and thought thet it may becausing or
contributing toill-hedith symptoms among employess Thesymptoms regparnted in the reguest induded heedadhe,
neuses, and eyeinitation. Complantsregarding smokinginthewark envirormant and aladk of ventilaionweredso
expressed.

Tento 2% of thewarkerswithin the office complex reparted buming of theeyes sorethrodt, unusLd fatigueor
degpiness heedadhe o nesd dishargear sSnuscongetionwhilea work ontheday of thesunvey.

Aveaageavironmantd caon daxide (CO,) concantrationsrangad fram alow inthemaming (bewean 700 ad
800am) of 1625 patsper million (ppm) toahigh of 2400 pomin theatemoon (betwean 1:00and 200 pm), witha
gadld risebawen theetimepaiods CO, concantraionsgreater then 1000 pom arethought to beanindication
thet thebulldng ventilaionisinedequete: Tempadureand rddive humidity messremants with few exogptions ware
within comfart guiddines

Thesmoking pdlicy wesinatranstiond phesewheresmoking wespamitted in private offices. A smokefreewark
emvronmat wasto begnduy 1, 1990.

A modade paroaage of theworkersexpaiencad symptoms uggestivedf anindoor evironment with poar ar
quelity. A lage paraantage of complants suggested thet therewere praldems with veentilaion and ar movemant.
Ervironmantd messuremants corfirmed thet vientilation wiasinedeouete: Thepressnce of thesesymptons thergpart
by dmod hdlf of thewarkersthet theevironmant hes suify, and the desire exressed by hdlf of thewark forceto
dengecatand threeviramanid condiiorswithinthedifice, dl indicatethet improvemantsto the vartilation syqdemat
thisafficefadlity woud bebendidd.  Recommencitionsindudkeadding ventilation to the hesting and ar-conditioning
g/dam

KEYWORDS SC 7371 (Computer programming savices), indoar air quelity, carbon diaxide, tamperature
rdaivehumidty, Sok-buldng smdrome


adz1
A moderate percentage of the workers experienced symptoms suggestive of an indoor environment with poor air
quality. A larger percentage of complaints suggested that there were problems with ventilation and air movement.
Environmental measurements confirmed that ventilation was inadequate. The presence of these symptoms, the report
by almost half of the workers that the environment has stuffy, and the desire expressed by half of the work force to
change certain of the enviromental conditions within the office, all indicate that improvements to the ventilation system at
this office facility would be beneficial. Recommendations include adding ventilation to the heating and air-conditioning
system.

http://www.cdc.gov/niosh/hhe
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INTRODUCTION

OnMarch 21, 1989, the Nationd Inditutefor Oooupetiond Sefety and Hedlth (NIOSH) reoaived areguest for a
hedlth hezard evdugtion from emdoyess of the Hanning Reseerch Caparation, VirgniaBeech, Virginia: A vaidly
of hedlth complaintshed causad concem among employessar thequelity of theindoor ar eviroment.
Symptoms reportad induded hesdache, neussg, and eyeinitation. Complaintsregarding snoking inthewark
evironmat and alack of ventilation were o expressad.

OnAugud 16-17, 1989, an evironmeantd investigatar from NIOSH conducted ahedth hezard evdugtion e the
Raning Ressarch Carporation (FRC) busness dificesin VirginaBeach, 1N Sgatember, 1989, evironmantd
resdtsweresummaily reported to PRC and thereguediars reresantaive. Thisfind repart will indudethe
eviromantd ddaand readtsof as/mpiom quetionrere

BACKGROUND

HRamning Ressarch Caparadionin VirgniaBeech, VA, isadevd gpar of computer programsand software,
pimaily for theU.S Navy. Theddf of 64 ful-imeampoyessiscomprisad of twothirdsprogrammarsand
onethirdtedndasadegneas PRC hesbem a thislocationfor 12 years

Thebuilding which housesthe PRC oparations was constructed asawarenouse (24,000t in 1977. The
extaior ishridk, withwindoasevenly oeced around helf of thebuilding. Thewindoasdonat open. Currartly,
gette thenthveequattarsof theinterior oeceissudded and waled into officearea

Thedfficegpeceisdivided into 9x hegting and coding zones Each zoneiscontrdlled by anly onethermodtat.
Condant vdumeair hende's anefor eech zone, arelocated bawen thefd e aalling of the office goeceand the
rodf of thebuldng. Thereareno medhanicd meansfar providing outddedr totheinteiar oeces Thesydensuse
dedrical power toheet and cod. Supply and retum ar systemsaredudied. Each snge-oocupant officehesd leet
onear Lpply dud. Larger dffices the conferenceroom, and more oedouswarking aesshave moreLupaly ar
duds with somehaving tiveear four. Air isreumed tothear hender viathe retum dudwork anigingting in hellway
aglings Thereisacomputer canter which hesitsovn sygem: Theindvidud unitswearedifficult to aooessfor
ingoedtion, and tharewas no maintenence chedulewhere pariodic ingoedtion and deening were pafamed.

Atthetimedt theNIOSH steinvetigetion, smoking wasdlowed in private dfficesand in ered dificeswheredl
waesnokas Indaad dficesswhaethaewasanonamoke, thewishesdf thenonsmoke prevaled. Inthe
recant pet, tharewas no smoking palicy. A god hesbean st for asmoke- freewark evironment by Jly 1,
1990.



Pege 3 - Hedth Hazard Evdudion Repart No. HETA 89-175

V.

EVALUATION DESGN AND METHODS

Thepuposed theevduation wasto document the hedith datus of theworker population at PRC, and tomessure
venilation and comfart perameters A brief helth 9/mptom and comfart quesioneirewess ditributed to
employesspresat ontheevdudion day. All quesionnaires (42) were retumed without respondentsnemesbut did
havetheroom number wheretheemployess work dationweslocated. Messrameantsdf carbbon diaxideand the
tamparatureand rdative humidity weremedethroughout the dfficearees: A represantative sampling wes medefrom
each heting and codling zone: Threesaid messramanisware medea eech location, begminginthemamingand
endinginmid-eftanoon. Thismessuramant drategy dlowed trendsin evironmentd parameiersthough theday to
beobsaved.

Carbon Diaxide

Red-time cabon daxide (CO,) levdswere deemined using aGagech Modd RI-411A CO, indicatar. This
porteble, bettery oparated ingrument monitors CO, (range 0- 4975 ppm) vianon-digpersiveinfrared absomption
withasastivity of 25pom. Ingrument zaraing and cdibration wias parfarmed dally priar to usewith zao ar and
CO, en gesdf knoan conoaniration (800 ppm). Confirmationswere condudted throughout theingrumant use
period.

Temperatureand RdativeHumidity

Red-timetamparaureand rdaive humidity messremantswere conducted usng aVidaSaettific, Modd 784,
bettery-operated psydyomde. Dry and wet bulb temparature reedingswere monitored and the cormesponding
rdative humidity ddermined viathe menufedure-apdlied aurnve

EVALUATION CRITERIA

NIOH invedtigetors havee resoonded to gopraximetdy 700 complaintsdf indoor ar quelity prodlemsinawide
vaidy of stings Themgarty of theseinvestigetions heve been condudtied sSnoe 1979, pardiding the“enargy
dfidency’" concamsaf bulldng opardorsand achitedts

Commanly, thesymptoms and helth complantsreparted by building cooupenishavebesndverseand na
gpestivedt any paticular medica dagnossor reedily assodated with acaustiveagat. A typica psdrum of
gymptons hesinduded heedaches varying degress of itching or buming eyes initations of theskin, induding rashes
snusprodams dry and initated thraetsand ather resairdary initations: Theworkplaceevironmeant hesbean
typicaly implicated becauseworkas symptoms repartedy disgpear whenthey areawvay framthedffice

Thecausssdf comfart and hedlth pradlemsrdated toindoar ar qudity aretypicaly multifactorid, which mekes
ceamingiondfficit. TheinvestigationsNIOSH hes condudted havebean dassified by primary typed prodem
foundt inedequete veerntilation; contamingion framingdethe building; contamingion from autsdethe building;
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micaadogicd contamirgtion; conamingion fram thebouilding metaids and " urknom’”.

Thepredominert prallamsidentified inthe NIOSH indoar ar quelity invedigeions can beplaoad into thefdlowing
threeganard categariesligad in order of decressing frepuency: inedequiete viertilation, dhemicd contaminetion, and
micobidagicd contamingtion. Inedeguite vertilation, acategory whichindudes shartages of outsidear, poor
dtribuion, and shart-airauiting of suply ar, isrgported most comma—nly inthe NIOSH bullding invedigeions
(gredte then 5% of the cassy). These vattilation pradlems mekeit difficuit to contrd heeting and codling, and dlow
theaooumulaion of contlaminanisinthe cooypied goece. Theresulting conditions may cause oooupentsbecome
uncomfartable or expaienceadvae hedth effedts

Sandardsfor indoor ar quity indfficebuildingsdo nat edd. NIOSH, the Oooupetiondl Sefety and Hedlth
Admindration (OSHA) and the Amarican Conferance of Govarmentd Indugtrid Hygienids(ACGIH) have
puldished regulatory sandards and recommended limitsfor cooupetiondl expoaures™ With few exogations
pallutant conoantrations dosarved in the dfficewark environment fdl wdl b ow these pubdlished oooupetiondl
dandardsar recommended eqposrelimits The Amearican Soddly of Heeting, Refrigerating, and
Air-Conditioning Engnears(ASHRAE) hespubdished recommanded building ventilation desgn aitaig and
themmd comfart quiddines™® Sdentisissuspact thet work rdated complaints may beattributblenct toindvidugl
emronmand goades but tothecumulaiveeffedt reauting fram expoauresto low concantrations of multiple
pallutants and work environmenisoulsde of comfart ranges

Thebesesfor monitaring calbon dioxide, and thetemperaureand rdative humidity are presented bdow.
A. Carbon Diaxide

CO, isanomd cordlituent of exhaled bresth and, if monitored, can be used ssasresning tediqueto
evdugtewhether adeguate quantiies of fresh ar arebaing introduced into an cooupied ece TheASHRAE
Sandad 62-1989, Vertilaion for Acogatable Indoor Air Quelity?, recommends autdoor ar supply ratesof
20 albicfedt par minute pear parson (dfimviperson) for office goeces and conferencerooms; 15 dmparsonfar
reception arees, and 60 CHAM/person for smoking lounges and provides edimited maximum ocooupancy
figuresfor eschaea

Indoor CO, concartraionsarenamrdly higher then the gengrdlly congant ambient CO, conoantraion
(range 300-350 ppm). Whenindoar CO, concentrations exossd 1000 ppominaesswhearetheanly
known sourceisexhded bregth, inedeguate vatilationissugpected. Hevated CO, concantrations ugoget
thet ather indoor contaminentsmay do beinoressad,

B. Tempea atureand Rdative Humidity

The peragption of comfart isrdated to onésmetabdlic heat produdion, thetrander of heet tothe
evironmat, prysdogicd adusments and body tempaaires Heat trandfer fromthebody tothe
evironmatt isinfluenoad by factorssuch estamparaLrg humidity, ar movematt, parsord adivities ad
dathing. ANS/ASHRAE Sandard 551981 gpadfiesconditionsin which 80% or more of the cooupents
will find theevironment themrdlly comfarteble®
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VI.

RESULTS

A. Meddical

Tade1 drowsthe number of respondentswho reported thar parsondl impress ansregarding the comfort
levd of thar wark daionsontheday of theindLdrid hygienesurvey. Themganty felt thet therewes
insUffident ar movemant bathinthemoming and theftenoon. Only aneemployeefdt thet thear
movaratwasexcessve Themgarity of enployessfdt thet thetemparaturewas acogaiadle Inthe
moming, 3fdt thet it wastoo warm, while5fdt it westooodd. Inthedtemoon, 9fdt it westoo hat, and 3fdt
itwastooadd Likenise themgarity fet thet thehumicity wesinacomfarteblerange Few fdt naiseleves
weaeexasssveinthedfice Honveve, themganty of warkesfet thet thear wesexcessvdy duify inthe
moming Intheditamoon, they wareevanly divided with regard to thedr baing too suffy withinthewark
place Thevad mgarty fdt thet dugt inthewark placewasnat apradem  thetimed thesurnvey. Tweanty
of the 42 reppondentsweare uncomfartableenough to desrean edjudmant inanear maredf thegboove
evironmantd condtions Mgar causesof disoomfart mentioned by therespondentsinduded ddler,
dgardte smoke and thenead for draulaion of fresh cusdear withinthe offices

Table2 honsthenumber of workerswho nated the pressnce of gpedific odarsat ther wark dationonthe
day of thequrvey. Itdso donsthewarkasoveardl asssssmat of thear qudity withinthebuilding

Forty-two percant of thewarkersnated the presence of tabeooo Smokeat thair wark sation during theday.
Twenty-one peroant nated the odors of cosmetics 17% nated food smels and 1296 noted the presence of
body odor. Four (10% of) regpondeants conddered thear queity within tharr work speceexadlant, 16 (39%)
temed it good, 12 (29%0) rated their ar qudity fair, while 9 (21%) fdt thet ther ar quelity waspocr.

Tabe3 howsthenumbea of anployesswho expariencad symptomswhich begenwhileat wark during the
cey of arvey. Themodt common complaniswaedy, itdy, or teary eyes and sore, srained eyes doout
2% o theworkforce expaienced thesesymptoms during theday. Also of nateisthet 1726 of thewarka's
reparting ahestleche which begen during thework day, 19% exparienced degainessor drovaness and
12%% hed unuaLd faigueor tiredness: Twelve peraant of the respondantsreparted nesd dschargewhich
begen during thar work day, and 17%% exparienced sneszing which begen duning tharr workday. Lover
beck and shoulder/neck pein werereported by 17%6 and 12%, respectively.

Environmental

Resitsof theenvironmentd edaugtion are presarnted in Teble4, and summaiizadin Fgures1ad 2. Al
indoor CO, conoantrations exogat far those meeaLred in the warehouse and warehouse dffice aress
(sampelocation 15), were much gregter then 1000 parts per million (ppm), the guiddine suggested by
ASHRAE, and rangad from 1500 to 2575 ppm (Table4). Theoutdoor concentration remained a 350 ppm
throughout thedey. Early moming conoantrations (7-8am) avaraged 1625 pom, lateemoming

conoantraions (10-11am) averaged 2150 ppm, and mid-aftamoon concentrations (1-2pm) averaged 2400
ppom (Fgure2).

Theindoor temperatureranged from 68 to 78°F arass al aress messured throughout the day (Teble ).
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VII.

Therdaivehumidity ranged from 54 to 72%. Thenext highes RH bdow themaxdmumwes63%. All of the
tampaaureand rdaive humidity paringsfdl withinthe aoogatadleranges of oparaivetamparauread
humidity doaninFgure4, from ASHRAE, with theexagaiion o thefind rdaive humidity messremant
meded thereogaion areafar thebullding. Thehigh dtemoon messreamat isatribuieto employessad
dientscomingand gaing, dlowinginfilraion of humid ouidoor ar ino thisarea. Somedf thetamparaureand
rdaive humidty parsaeintherangedencted "winta™. Howvever, resitsaf areoant dudy by ASHRAE
reported thet Some peoplefind this"winta™ rangeided year-round® Theavaragetampaaureinthebildng
gadudly resetiroughout theday, whiletherdative humidity fal. Averagetamparauresand rdaivehumidities
were 71°F and 58%, 73°F and 58%, and 75°F and 56% regpectivdly during the messuramant periods
(Faured).

Thamogat sepaintsand temperature reedings werereorded far thefivie zones during evironmentad
messramatrounds All but onetempaaurereed within % 2 degressof thesapaint. Thethemmodat in
aea?7 (FHgurel) reed 410 7 degresshigher thenitsspaint eechtime: Cdibration of thisthermodtat hould
be checked.

DISCUSSON

Tento 2006 of thewarkerswithin the office complex reparted exparienang symptoms of mucous marrane
dsoomfat uch asbhuming o theeyes of sorethrodt, complantsof unusLd faigue or degpiness heedede ad
nesd dscharge or sSnuscongestion begiming e wark ontheday of thesunvey. Whilethesesymptomsare
nongpadific and can bedueto avanidy of causes thar presanos thergpart by dmost hdlf of theworkasthat they
conddared thear asbang "quify”, and the desre exressad by hdlf of thewark forceto chenge oatain of the
environmenid conditionswithin thedffiog, dl indicate thet the addition of averntilaion sygem & thisofficefedlity would
beadvisble

Environmentd messremanisimeckein the dffice aress howed thet therewesinedeuete ventilaion. The
consuaneed thiscondtionisthet low leve paluansnomaly presant, and thosewhich may result fromoatain
adivities(smoking for example), will aoccumulae: Theensuing conoanirations (exoeat for toloeooo smoke) may nat
be hedth thregtening, but may bethe causedf the symptomsbeing reparted. 1t should benoted thet theinetlity of
the hegting and ar-condtioning sygem hareto provide cuisdear for diution wesknoan a theouisst of the
evdudion Itwesdesgnedfar tatd redradaion of thedfficear.

Air saresfor oatan patentid indoor ar palutants such asvdatile compounds particulate metter, and
miqoorganisTs werenot odlected during thisevelution.: Whilethereisvery sddom acesewhereasinglefactor or
pallutart iscontributing to poar indoar ar quelity, it wesdoviausin thisingancealadk of vertilaionhed an
ovawhdminginfluence

Racemat of themodasinthedificedid nat dlow for contrd of comfart a dl locations: Al themodtaiswereinthe
corearessdf thebullding, whileeech system saviced bath coreand paimee dffice goece, which nomrdlly have
dffeet and varying lced (hesting and codling) componants: Optinmelly, the heting and aodling sydensfar the
buildng fhoud savicecoreand paimge aess sgparddy.
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VIII.

RECOMMENDATIONS

Basad upon thefindngs of thisevdugion it ssesrsdear thet the addition of ventilaionwith autsidear will improvethe
Quelity of theindoor evironmat.

Haming Ressarch Coporation Souldindal aventilaion sygam & thar fadlity in VirgniaBeech, Virgnia This
s/dem shauld providefresh ar todl officegpecesa arae of 20 aubic fedt per minute per cooupart, and comply
withtheather provisonsof the AHRAE Siandard 62-1989. A vertilation contradtor with expaiencein desgning
vearilaion sygamsfar dfficebuildngsshoud beconaLited.
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Tadel
Numbe of Respondents Who Reparted the Fallowing Parsondl Impressons
Regarding Thar Wark Ervironment on Day of Indugtrid Hygene Sunvey

ThisMORNING ThisAFTERNOON

1  HeastheAIRMOVEMENT bean

toomuch 1 1

toolitie 21 3]

Judtright 18 15
2. Hesthe TEMPERATURE beax

toohat

toocdd 5 3

jurigt R 2
3. HastheHUMIDITY bemx

toohumid 5 6

toodry 2 3

Jutright 31 31
4. HastheNOISELEVEL bean

tooloud 6

tooquiet 0 0

Jutright b 37
5. Hasthearbeen TOO STUHFY?

No 19 21

Yes 2 21
6. Hasyourwork aebemn

TOODUSTY?
No 37 33
Yes 4 4

7. Numba whowoud liketo adjust onear moredf theabove conditions

NoAdusmat 2
Yes Adud 20

NOTE: Tatd number of respondantsequals42, but nat evary worker ansivered dll quedions
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Tade2
WorkersWho Naticed These Typesof ODORS
a Thar Wokdaionon Day of Survey

Numbe Paoatage
of Respondants

a Bodyodor 5 12
b. Cosrdics sxchaspafurea dta-dave 9 21
Cc.  Tobaooogmoke 18 42
d Fdysrds 1 2
e Otefoodardls 7 17
f.  Mulyodamp

besmat ardis 3 7
g  Odorsfromnew capet 0 0
h  Odorsfromnew drgpes

aroutans 0 0
..  Odosfronded or

ahe egreedad 1 2
j.  Odarsframaphatooopying mechine 0 0
k. Odarsfrom printing processing (press

hindng meteids ec) 2 10
. Odosfromaothe dremicdsauch asachesves

dues deanars white-out, rubber caman,

pesiddes €c. 3 7
m  Odorsfrom petiddes 0 0
n Odosfromdeasng

of carpets drgpes, or

aha furidings 1 2
o. Odorsfrompants 0 0

p. Otherupdessat odars 0 0
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Tade3

SadiveAir Qudity Reting
a Respondat'sWorkgaionson Day of Survey

Air i Number
Bxcdlat 4
Good 16
Far 12

of Respondarts
10%
3%
29%

2%
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SECV S QTOSITATTSQTDA0 oW

heedeche

neLsa

rumy noe

Suffy nosgsSnuscongestion
ey

ce¥ey

dy, itching, or tearing eyes
redraned eyes
dury/doudevison

buming ey/es

unueLd faigueor tiredhess
degainessor drowsness
dills
pradlemswith contedt lens
dzznesslightheedathness
feding dgoresd

tengonar navouess
difficuity conoentraing

pein ar diffnessin upper badk
pain o diffnessinlower beck
peinar diffnessin shouldarnedk
pain o diffressin hendsor wiid

Tdde4d

Numbea of Employess\Who Begen Expaiendng Any Of The
Fdloning SymptomsWhile AT Wark On Day OF Survey

THISMORNING
AT WORK

ANPAPPRPLPOOTOOOOCTIWWN

P NWMNOWRPEFW

THISAFTERNOON
ATWORK

P WRrARRPPRPPOOOFRLRMAWNEFPWWEELOOOOU

TOTAL NUMBERREFPORTING
SYMPTOMSBEGINNING AT WORK

NOO~NWEFRPRRARRPPWOPRPOUOUOIOEREFOWOWNOTWwNN

PERCENTAGE OF 42
RESPFONDENTS

1™
0
™0
1%
1™
0
21%
19%
2%
14%
12%
19%
25%
0
2%
2%
10%
2%
™0
1%
12%
P
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Locdion CO,, pom
7282 10alla 1p2p

30 30 350
1500 2100 2200
1500 1975 2250

1675 2100 2525
1675 2300 2400
1700 2200 2400
1625 2200 2400
1600 2200 2400
1625 2150 2350
1600 2150 2300
875 950 950
Waeouxe 85 975 975

&
2
3
g

Table5
Catbon Dioxide, Temperature, and Rdative Humidity Messuramants

Haning Ressarch Corporation
VirgniaBeath, Virgna
August 17,1989
HETA 89-175
Tamp, °F

7a8a 10alla 1p-2p
74 78 A
68 73 71
69 74 76
69 73 16
70 71 74
70 70 72
73 73 16
71 73 74
70 73 16
73 76 76
70 72 16
72 74 16
71 75 76
16 74 78
74 I6) 78
71 73 73
72 73 16

EBBEEIEBBLEF3 XY

RH, %
10alla 1p-2p
84 74
54 72
54 50
58 52
58 56
60 58
58 56
58 56
58 56
56 52
58 56
55 56
60 54
54 50
52 50
62 62
66 63



Figure 1
Average Carbon Dioxide Concentrations
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Figure 2 Average Temperatures

and Relative Humidities
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Figure 3 Accepiable ranges of operative temperature and humidity for persons clothed in typical sum-
mer and winter clothing, &1 light, mainly sedentary, activity (= 1.2 mei).

ASHRAE STANDARD 55-1981
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