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PREFACE 

·The·::H~i:~r.~:...E:~~n,ati'~n ~--~nd ·.techni-ca1 Assistance Bran ch of J(ros·H·.co.~·duc-ts· . field 
'_; ri·v~sti.gati ~n{ -ot ·possi ~ le hea , ·th tfaza~cts· __; n: the workp1 ace~} h.~eie/:C :_· .__':... .i::·· ' 
foves_ti.gatfons are · conducted un'der the ..a'ufhorj ty of ··sect_ion··. 2·~rca·)( ..) cf· the 
o·ceupltional. Safety and ·He.al th Act of 1970, .2~ U.S.c. · 66~(a)(6)w~ich.. 
authorizes .the ' Secretary of Health anc:! Human Services, followina·.·a-·wrftte·n 
request" from any emp.loyer. or authorized representative of employee$, to 
deter'm.i ne whether any: ·substance: ·normally 'found ; n the place of e.mployrnen t ·has 
potentia:lly toxic e·ffects : in ..si.Jch · concentrations as· used ·or founcl;· ·:· · ·.· ·· ·. · 
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:as·s;~·tance -CTI\.) to -Federal; state; ···and local ·_agencie~; labcir:;· indi.f$'try a·nd ..::· 
other._group~ OJ".·· indfviduals· ·to conttol oc·cupa'tional . ~ealth ···h.~zar.ds ~·and to 
preven.t ,rei.a~.ed. .'trauma .and disease~-:. . . . ': 
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H~TA 83-320-1432 NIOSH INVESTIGATORS: 
March 1984 Michael S. Cranda11, C.I.H. 
NATlONAL _ENDOHMENT FOR THE ARTS ~enneth M. Hallingford, I.H • 

. H.4.SHINGTON, D.C. 

I. SUMMARY 

Ori° June 20> 1983; the Na'tional Institute for Occupational Safety and 
· Hea1th · (NI0SH) ··received for a ·reque·st :for teclinical ·assistance from the 
.. N·ational Endo~1ment :the Arts ;(NEA) in Ha~hington~ D.C. concerning 

dust .anc v·apor exposure·S ' to , the if· erilpl oyees ;· caused .by ·renovation and 

..,.... 'femode:ling coristrliction 'in· ..their· :cfffice 'bu{lding·. E_mployees fo the MEA
~,ere··comp lai rifng :of resp·; ratory ··di'ffiti.il fi e·s; thr·oat and :eye :· · 
irr.itation> ·rr,.eta1 .1ic taste and f~·creased ·anergy 'symptoms • . Complaints 
were clusterec on the sixth floor of the building. 

·· · ~ ·~j-fd'.;H..:·c~·~:~~-~iid ~ w~lk:: t :h.rou·g~ ,{·ri\i~~-ticia.ti~/ on. 'July ' 26; 1983·~·-
:' c

1 ·It was 
·, d~it~rrnined.;thf t taxi ::~oncentrati b'ns of 'ga;ses,"-vapors ·o·r ~par.ti cul ates 

we.Ye riot present:·. ·Acct:iniulated ·dust ·on flat -sut.faces iri most ·offices 
'iri9icated infiTtrati or(.:of part'i cul ates ·from ·the ·con·structi on ' ~·. 

' 
I acti vi tjes. ·Hydrocarbon vapor odors w·ere n'oti ced :in the ventfla tion 

·; 
i quadrant where· ''foor tile mastic was being used. The General .Servic.es 
'! A'dministratio~' . (GSA) mechanic accompanying the survey ''team wa's .'unsure 
I ' 

'!
I about the ope.tational details of the new air handling systems> and 

wh~ther<they \:,ei:-e wor"ki.ng within~;design par·anjeters with respect to 
I .: ' ·.. ' - ·proVi di n'g .adeq·ua'te fresh make-,up· air.. . ·. . . . . A' , . -: ­

,

.I 
I

. ' i ;$·:_." . . ·=:· .·~·v::",·... ·. :, ; :· ~:·~.~..~: ·: ··· ·: ... .:_:· ~:.:, :.. . .,. · : . · · ..~~ : . . f: : ~ · . ~ ... . 

·l · Arl\enviro.nrneh't :al ·'s·urvey was .conducted ···thr·o~·ghout · the si-xtn-···fl odr of the 
i >;· ' ,," ·off.i'ce ':buj1din"g.ron Ju·ly- :2:,~ · l.983;.',: to "evaluat~ the air ·cj'liality.,. ··~rnd air 
I 

' . ·di.str i.buti on. · .. .Air..samp1~s wer.e . collected fo,,rneasure.. th·e, co'nce"ntrati ons 
o~ ..total and ·respirable. p~rticulates,. organic hydrocarbon vapor> 

f ;·,:.: ·. ,:; .• :-f~frma ldenyde/ :qa'rbon. mcinox:i'de·; ···:c~-rbon :(!ioxi de:i :oxi des'·of.. nitrogen, and 
i 
I · ·_,;~~: ··: .. ·i S~'J fifr dioxi'de\-\ Ven d ·1a+ i 9n ; · te'mpe:r.ature ~ -:and r·e·lati Ve huinldf:t:y 
4 
I 

· · · .,. ni~asJremenis ·\oie r.e ·-obta.iried: '. ,.Durfn'g ~these ~i'rjve.sti gatfon·s .NI-A :workers 

j ·.. ::wer.e :interview'ia regarding· medicaJ syiliptoms·:·experietice·p ·at·.wor.k'. 
:= ...7 • •• ~ .: :···,..,:·.: :.• ~ .:~ ·~~. • :· . ......- . :· · ••• ~J' •. · :-..! .~"'·.-:; ;.; : :~ ·.:(- .;.~·... . ;""-'if -.: •' . , ,:' i·:: 

I 

,:~re~-.of :the ·f9y,r .e,fllp1oyees int~rvie~ed ;-r.e.por,t~d ·eye.:ir.ri'ta'tio'n . Two 
.1 · repor.ted he·actaches. All four experienced re-spiratory irritation . 
I. 
! . ~-: :T'hree,:' o·f these'-'.'einployees·, hac! ~- hi:s'tory ··of al·l_ergi es, cfnd "one" o.f these 

. r ·,.··· ··:..: wa? ·a'sthmati c'• ./ Verba·1; .to·mpJa.'ints :from tliese-.'and ..inany- other- w'orkers 
\ : :.'.: r~ lated to·:-phys'i'cal dfs'couifort' a :due· ito hi gliiy. :vaf:i ab1e.·envir.onnienta1 
,\ ':/ · .: ... : condj-ti C>n'S~'''\The ;c6h e'en-fr tions ro·f ,:a'i r-.-con ta'tni nants niifa'sure'd .i Ti the 

I .. · ot'f.i ces ~iere ·w~·11 ·~Ii thin··.,e stab1ished li mi.ts~:·: The ve·ntH a.ti'cin·· .) 
j ~efup'erature an·<J relative ·· humidity rr.easurements, however> i_ndicated that 
\ ... tbe ·.ve'ritilatfon'· systems ·;were ·n'ot ··balanced. :and/cfr tcintro,lled to· :provide 

.. ,_ .:. unfform ·£omfor.t0..:to :the i:bundfog. •; . . - :· · 

I 

~ ·;:··<, ;'. ,$~' r . . ;-:.'2 ,7.; .~.. , · .·;.: · 

1
1~ · ·.	 .. . :~~·tt~: .;·.· ? · :·:·: · ;~~ ; . .:·· : ··\i~·..: ..J,·./:: /..: ~; ·.. : :- .,; ~-:,; ~.< .:: r ::~=: :..:. · :~~ ~..:~;,:... ... ··;1. · 

;\:•_:f ,{ i.,:~r ~·..",· :,"~~\:,·.; ~ ! •: .: ,? : .... i;~: <",• ,·.I '· ' '. .• ?· ·' , • • :. !'·~· 

I ~ . : : ~ :, . . ·~· i .. • '.,· ~ . ; . .. . ; . ·•. :· j i. 	 .. ' .. •.· .. "i' . 
• 

Infiltration of dusts .:from ·the·: bui1ding ..renovation construction· 
' activi'ties resulted in it'ritative symptoms for some NEA workers. 
.I ,
I Contaminant concentrations at the time of this survey were well below 
! ac·~epted criteria. Ventilation, temperature and relative humidity 
t. measurements indicated that comfort complaints resulted from 
i venti1ation system imbalance and/or control. Recomw.endations are made 
., ' which may alleviate the symptoms, and correct the worker · comfort 

·problem. 	 ~ 
.. . 
i 

K~YWQRDS: SIC· (9199) Gen.er.al Gov~rnment office bui1di_ngs, indoor air 

pollution> tight buildin_g syr)drome ------···------~-.,.....__.,.-----· 
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II. INTRODUCTION 

On June 20, 1983, a .representative of the NEA ,1n Washington, O.C. ~ · 
requested . technical assistance from the NIOSH, concerning employee 
complaints of poor ajr quality in their offic~ spa~~ in the Qld Post 
Office Building. The employees complained of respiratory difficulties, 

. throat irritations, burning eyes, metallic tastes in .mouths, and 
increased allergy symptoms • . Most of the complaints were from employees 
on the sixth floor of t~e bui 1 ding. 

NIOSH vi' sited the. NEA on July 26-27, 1983. A· walk-thro~gh: survey was 
conducted · Ju,.y ... 26 with representatives· from the NEA .and the GSA. On 
July 27 an environmentaJ . survey was conducted to· evaluate · the air · 
quality and air distribution . on the sixth floor of the Old Post Office 
Building. Preliminary recommendations were forwarded to .the ~EA 
officials on Au~ust 1~, 1983. 

III. 


The NEA, an independetit, administrative agency of the· federal 
gqvernment, moved :;.nto offfte .·wace in the Old Post Office building in 
April 1983. The Old Post Office is an 84-year old, nine story building 
located at 1100 -Pennsylvania Avenue, NW, in hfstoric .' cfO'l'lntown 
Washington, o.c·. Tbe NEA employs .350 workers, and they occupy offices 
on the second th~ou~h th! iighth floors. 

Interior remodeling and· general .renovation of the Old Post .Office began 
in 1982, . and continued as the N'EA occupied their offices. Construction 
acti vi ti es were : rep-ortedly sti 11 quite . hea VJ· ·in April, al though ·they 
had SUb$ided somewhat by the July survey. This had created a dusty, 
dirty environment for .the NEA employees. The renovation was to be 
completed by October 1983. 

Each of the floors ' of the . building are essentially the same. The 
offices and a hallway form the perimeter of the b.uildtng surrounding a 
glass-roofed cortile area. The construct1on activities were in the 
cortile area .which is open space from the first floor to the roof. A· 

· floor plan is in Figure I. -- · · 
. 

The offices for ·the NEA were mostly open suites with ·modular work" 
stations. Du.ring remodeling, a suspended cei'ling .was instailed for a 
more modern appearance, and to hi de duct work, wiring and . li.gh:ting 
fixtures. · All of the large double-sash windows were sealed with · 
interior insulating glass·. All office. space is accessed from the 
hallway, and some. offices are "interconnected. 
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The Old Post Office Building is divided into four heating and cooling 
quardrants, or zones, centered on the corners of the buildinq. Each 
quadrant is supµlied by a separate heating, ventilation, and·: ' 
air-conditioning (HVAC) system of a cor.iplicated variable air volume 

(VAV) design. These four 1-IVI\C systems are housed on.· the ninth. floor 

and serve all ·but the first and fifth_ floors. · The first ffoor is 
commercial offices, shops and restaurants and is on .separate HVAC 
systems. The fifth floor was not remodeled, . but restored for hi-storic 
purposes, and is served by wall convection heating and coolinq units. 

Air is supplied to the NEA offices through ceilin~ slot _diffusers and 
rectangular ducts above the ceiling. Air vqlume to the slot diffusers 
is controlled through thermostatically dampened manifolds. The 
supplied .air is heated and humidified in the winter .an·d conditioned in 
the summer. ·The air is cleaned by high efficiency paraticulate bag 
filters and fiberglass pre-filters. All° return air is ducted from the 
offices to ninth- floor, mixed with a percentage (reported _:>25%) of 
fresh outside air and then recirculated. Outside make-up air intakes 
and system-exhausts are located on the roof of the building. The 
systems were · desigried to keep the offices under positive pressure with 
respect to the hallway. These' HVAC systems were started up between 
7:00 and 8:00 am each work day and shut down between 4: 00 and 4:30 pm 
each work day, and on the weekends. 

During the walk-through, accumula~ed oust was noticed on most flat 
office surfaces._ The hallway open to the cortile w~s particularly 
dusty. The ceiling material around many slot diffusers was very 
dirty . Emp.loyee. comfort complaints outnumbered air quality complaints 
at the time of the survey. There did not appear to be any source other 
than the construction activities for . contaminants ~hich were causihg 
the air quality and employee discomfort complaints . 

. ~ ... . .. . ..--- .. .. 

IV-~ EVALUATION DESIGN, AND METHOD~ • • · ·.- - ·· •' • • • u ..... . .. , •, ·,~r . J' 

A. Environmental 

General area air monitoring was conducted to determine the presence 
of particulates, org~nic hydrocarbons, aryd formaldehyde in four 
sixth .floor offices, and the corridor between the offices and the 
cortile area (Figure I). Samples were collected in offices in eacr. 
ventilation zone . Particulates and organics were suspected 
contaminants from the renovation work. Since the office furniture, 
and carpeting were relatively new, it was plausible that sufficient 
formaldehyde from these sources .may have been present to cause 
irritation symptoms. 
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Draeger.® direct reading detector tube sample·s were collected to 
·determine the presence of carbon · monoxide (CO), carbon dioxide 
(CO2}, oxides of nitrogen (NOx), and sulfur dioxide (S02}. 

1. Pa·rticu·late~. 

Five .total particulate and three respirable particulate samples 
were · collected on· polyvinyl chloride filters attached via 
flexible · tubing to · battery-powered sampling pumps calibrated at 
2.5 liters per minute (1pm) for. total samples and 1.7 1pm, with 
a· 10 millimeter (inm) nylon cyclone preseparator for respirable 
samples~ The samples were analyzed by weighing the samples 

· plus filters on an electrobalance, and subtracting the 
previously determined tare wei·ghts of the· filters. Subsequent 
to ·gravimetric analysis, the samples were analyzed for free 
silica using a modification of NIOSH Method P&CAM 2591. The 
filter · samples were dissolved in 'tetrahydrofuran, and then 
scanned by x-ray diffraction · to ·determine . the presence of free 
siHca polymorphs. The limit of quantitation for this method 
was 0.03 milligrams ' (mg) ·per sample. 

Five samples for trace element analysis were collected on r.iixed 
cellulose ester filters attached via flexible tubing to 
battery-powered sampling pumps calibrated at 2.5 1pm. The 
samples were analyzed by .NIOSH Method P&CAM 3512. The 
filters were ashed with concentrated nitric acid and the 
residues dissolved in dilute acid. Analysi.s was accomplished 
by' nebul12atioh of the prepared sample into an inductively 
coupled argon plasma and monitoring the emission spectra of the 
various elements; The . limit. of quantitation for these samples 
was l.O · microgram (ug) per filter. 

Five samples for qualitative particulate species analysis were 
collected on open faced mixed cellulose ester filters attached 
via flexible tubing to battery-powe·red pumps calibra·ted at 2.5 
1pm. The samples were scanned with an analytical scanning 
electron microscope at magnifications of 2700x and 10,000x~ and 
parti-culates were analyzed using ·energy dispersive x-ray 
technigues. This method is outlined in NIOSH Publication 
77-2043 • 

2. Organic hydrocarbons 

Two organic hydrocarbon vapor samples were collected for 
qualitative analysis using sorbent ·tubes containing 150 mg of 
activated charcoal connected via flexible tubing to 
battery-powered pumps calibrated at a nominal flow rate of 200 
milliliters per minute (ml/min). The samples were analyzed by 
desorbing in carbon disulfide, separating the sample components 
in a gas chromatograph, and identifying the component peaks 
with a mass spectrometer. 
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3. · Formaldehyde 

Two formaldehyde vapor samples \·1ere collected· using sorbent 
tubes .containing 150mg of coated Ctfromosorb 102® connected via 
flexible tubing to battery-powered pumps calibrated at a . 
nominal flowrate of 50 ml/min." The samples were desorbed with 
isooctane and analyzed · by capillary-column gas chromatography 
with ' flame ionization detection according to NIOSH Method P&CAM 
3542. The -limit of detection for this method is 1.0 ug per 
sample. 

4. Venti 1ati o_n· 

Ventilation monitoring was conducted using a KURZ® Pocket 
Anemometer Series -480. Temperature and relative ·humidity 
measurements · were obtained using a Bendix Model· 566 · 
Psychrometer. 

B. MgsJj caJ 

Four of 1;he ·.fi.ve employees on the sixth floor with health 
complaints were interviewed. The fifth employee was absent from 
work. A standard non-directed questionnaire was administered by 
the NIOSH industrial hy9ienists. 

V. EVt.PJATION CRITERIA_ 

A. ~uil~in.9:~~J~~~~ I11n~ss. ~pi~99~s 

. Building-related illness ep·is"odes· have .- been reporte·d more 
frequently in recent years as buildings have been made more 
air-tight in or~er to conserve energy and to reduce .air . 
conditioning expenses. Modern high-rise office buildings are 
constructed primarily "of stee1, glass, and concrete, with 1arge 
windows that cannot be opened, thu.s making the _buirding totally 
dependent on ·mechanical systems for air conditioning_. Contaminants 
may be present in make-up air or may be introduced from indoor 
activities, furnishings, building materials, surface coatings, and 
air handling systems and treatment components. Symptoms often 
reported are eye, nose, -and throat irritation, headache, fatigue, 
and sinus congestion. Occasionally, _upper respiratory irritation 
and skin rashes are reported. In some cases, .the cause of the 
symptoms has been ascribed to an airborne contaminant, such as 
formaldehyde., tobacco smoke, or insulation particles·, but most 
commonly a single cause can~ot be pinpointed. 

Imbalance or malfunction of the air conditioning system is commonly 
· identified, and in the absence of other theories of causation, 
.illnesses are usually attributed . to inadequate ve.ntilation, 
heating/cooling, or humidification. 

,. 
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In 1981, the National Re~earch Council (National AcademY of 
Scie~ces) issued a report urging a major national effort be mounted 
to study the subject of indoor air pollution. Some-of the major 
types of contaminants found in indoor ai-r are: 

1.. Products of combusti 011 

Carbon monoxide and nitrogen .dioxide are often considered the 
most important toxic products of the combustion of fossil fuels 
and other organic materials. Gas stoves may be a significant 
s.ource of these· pollutants . Carbon monoxide is an .asphyxiant, 
and nitrogen dioxide a pul mo_nary irritant. 

2. Forma-ldehyd~ 

Formaldehyde and other aldehydes may be r-eleased from foam 
pla.stics, carbonless paper, ·particle board·, plywood, and . 
textile fabrics. Formaldehyde is an irritant to the eyes, 
nose, mouth, and throat. It is also a suspect human 
carcinogen, based on its ability to produce nasal cancer in.. 
rats·: 

3. Sprayed-on insulation. materials 
. . 

Asbestos, fibrous glass, and mineral wool fibers have peen used · 
in some buildings· in sprayed-on fireproofing insulation fo'r 
walls, ceilings, and .structural steel beams. Fibers and du.st 
particles may be dislodged from the insulation and become 
airborne. Asbestos fibers can cause pulmonary disease and 
cancer. Mineral wool and fibrous glass· particles. are ·irritants . 

•) 

4. Tobacco smoke 

Tobacco smok~ contains several hundred toxic substances, the 
more important of which are: carbon monoxide, nitrogen­
dioxide, hydrogen cyanide, formaldehyde, hydrocarbons, arranonia, 
benzene, hydrogen sulfide,, benzo(a)pyrene., tars, and nicotine. 
Tobacco smoke _can irritate the respiratory. system and, in . 
allergic or asthroatic persons, often· results in· eye and nasal 
irritation., coughing, wheezing, sneezing, headache, an~ other 
related sinus problems. People who wear contact lenses often 
complain of burning, itching, and tearing eyes· when exposed to 
cigarette smoke. While cigarette smoking is the leading cause 
of lun·g cancer in the United States, . currently available 
evidence is not sufficient to· conclude that passive or 
involuntary smoking causes lung cancer in non-smokers.4 

http:Hazard-Evaluati.on
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5. Microorganisms and allergens 

Microorganisms have .been spread through ventilation systems in 
buildings \c1here air filters becar.ie wet ar.d moldy, v;here pools 
of stagnant water accumulated under air con<litioning cooling 
coils, and where decayii:ig orgarl:ic matter \-Jas· found near air. 
conditioning intakes. Health effects may be infections, 
i rr·i ta tion, or a11 ergi c symptoms. 

6. Hydrocarbon vapors 

Hydrocarbon vapors are released from dispersRnts and toners 
used in p_hotocopying machines and telecopiers, fror:i prin·ting 
processes, and from certain cleaning compounds. Hydrocarbons 
can be irritants and, at hi9h concentrations, are central 
nervous system depressants. 

fL Air Contamination Evaluation Criteria 

The primary sources of air contamination criteria generally 
consulted include: (1} NIOSH Criteria Documents and 
recommendations for occupational exposures, (2) the American 
Conference of Governmental Industrial Hygienists (ACGIH) Threshold 
Limit Values {TLV's), (3) the U,S. Departmen:t of Labor {OSHA) 
federal occupational health standards, and (4) the indoor ·air 
quality standards developed by the American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers (ASHRAE). The first 
three sources provide environmental limits based on airborne 
concentrations of substances to which workers may be occupationally 
exposed in the workplace .env.ironment for 8 to 10· hours a ctay, 40 
hours per week for a working lifetime \·lithout adverse health 
effects. The ASHRAE standards are general air quality standards 
for indoor environments, and are applicable for the general 
population exposed for up to a 24-hour day of . continuous exposure 
without known toxic effects. 

Indoor air should not contain concentrations of contaminants known 
to impair health, or to cause discomfort to a substantial majority 
of the occupants • . :Ambient air quality standards/guidelines 
available from federal, state, or local authorities should be 
consulted. If the air is thought to contain any other 
contaminants, reference to OSHA, ACGIH, and NIOSH recommendations 
should be made; for application to the general popula.tion, the 
concentration of these contaminants should not exceed 1/10 of the 

5limits which are used in industry . 

http:becar.ie
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Several examples of common contaminants found in both industrial 
and non-industri~l . (indoor air} environments are shown below with 
their relevant environmental exposure· criteria: 

~on.c~.n~r~ tion/E?(posure. Period · 

.. 8-Hour· - _,.___ _TWA. _, ··Continuous - · .......... . . Source


Carbon monoxide 50 OSHA/ACGIH 
( PPT:l) 35 (2ooC) NIOSH 

9 ASHRAE 

Formaldehyde 3 OSHA 
(ppm) CA : NIOSH 

0.1 ASH.RAE 

Total . particulates 15 OSHA· 
· (mg/m3) 10 ACGIH 

O •. 26 (.24-hr.C )or ASHRAE 
0!075 (1-yr mean) 

Respirab.le Particulates 5 OSHA/AGGIH 
· (mg/m3) 

Asbestos 2 OSHA 
(fibers/cc) 0.5--2 ACGIH 

0.1., CA ·NIOSH 
CA 'ASHRAE 

NOTE: ppm= parts of contaminant (gas or vapor) per million parts of air., by 
volume 

mg/m3 = mjlligrams of contaminant per cubic meter of air 
. CA= lowest .feasible level (suspect or confirmed carcinogen)., use best 

control technology 
C = ·short-term (15-30 min) or ceiling . limit 

­

.. : 

http:Respirab.le
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Some specific organic hydrocarbons identified 	in the Old Post 
Office Building are shown below with their industrial occupational 
exposure criteria and inhalation exposure symptoms. ASHRAE . . 
recommends, that concentrations of these contaminants should not 
exceed 1/10 of these industrial exposure criteria• 

· Contaminant 
.?.:-H9~r- Jllf\_..Cri t~ri~: . (PPM.)
NIOSH ACGIH 9?HA Jn.11a la_tion Symptons 

Toluene 100 100 '200 	 fatigue, weakness,confusion, 

euphoria 


M-Octane 75 300 500 	 eye and nose irritation, 

drowsiness 


Xylene 100 100 100 	 dizzness, excitement, . dro~siness 

C. Y~~~ilation Evaluation_Criteria 

Ne.ither N·rosH .nor OSHA has developed ventilation criteria for 
general offices. Criteria often used by design engineers are the 
guidelines published by ASHRAE. · 

Until reGently, the ASHRAE Ventilation Standard 62-73 (1973) was 
utilized, but recommendations were based on studies performed 
before the more modern, air-tight office buildings became common. 
These older buildings permitted more air infiltration through leaks 
in· ct,'acks and interstices, around windows and doors, and. through 
floors and walls. Modern office buildings are usually much more 
airtight and permit less air infiltration. Due to the reduced 
in'filtration, ASHRAE questioned whether the 1973 minimum 
ventilation values assure adequate outdoor air supply in modern, 
air-tight bui.ldings. 

. 	 . 

Subsequently, ASHRAE has revised its standard and has published the 
new standard, ASHRAE 62-1981, "Ventilation for Acceptable Indoor 
Air ·Quality." The new standard is based on an occupant density ·of 
7 persons per 1000 ft2 of floor area, and recommends higher · 
ventilation rates for areas where smoking is permitted. The new 
ASHRAE standard states that indoor air quality for "General 
Offices" shall be considered acceptable if the supply of outdoor 
air is sufficient to reduce carbon dioxide to less than 2500 ppm 
and ·to control contaminants, · such as various gases~ vapors, 
microorganisms, smoke, and other particulate matter, so that 
conc~ntra~ions known to impair health or cause discomfort to 
occupants are not exceeded. However, the threshold levels for 
hea1th -.effects from these exposures are poorly documented. For 
"General Offices" where smoking is not permitted., the rate 
recommended under the new standard is 5 cfm of outdoor air per 
person. 
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Higher ventilation rates ,are recommended for spaces where smoking 
is permitted because tobacco smoke is one of the most difficult 
contaminants to 	control at the source. When smoking ·is allowed, 
the amount of out~oor air provided should be 20 tfm per person. 
Areas tnat are nonsmoking areas may ·oe supplied at the lower rate 
{5 cfm/person), provided that the air recirculated from, or 
other'l1i se enters from, the 

1is not 
smoking areas. 5 · · 

VI. RE SULTS 

A. -Envi ---ronmen --- ta- -1-·· 

The results are ·summarized in Table 1. 

a . J.otaJ _an~I_ Re.?pi rapJe pµs:t 

The highest concentration -of- total dust was found in the 
.corridor samples, 0.19mg/m3 (OSHA 15mg/m3). Total dust 
levels . from four office samples averaged 0.05 mg/m3 
(range O. Ol-0.09mg/m3, SD:!: 0. 04). The c·oncentration of 
respirable dust in the corri~or was 0.13mg/m3 (OSHA 
5mg/m3). Respirable dust concentrations from two office 
samples averaged 0.04mg/m3 (range O.Ol-0 . 07mg/m3, SD :f­
0.04) . The respirable dust fraction is that part of the 
total dust loading which, due to the particle size 

~ 	 (diameter <lOum), may be ·deposited from the upper airways 
to the deep lung. The respirable fraction in the corr-i dor 
was approximately 70 percent. · ·In'· the off.i_ces the 
respirabl e fraction ranged from approximately 80 to 100 
percent. 

b. Trace· Elements 

Calcium~ Sodium, and zinc weie the most abundunt of the 32 
elements identifi ed. The hi ghest air· concentrations found 
were 0.02mg/m3 of calcium in the corridor iample, and 
0.02 mg/m3 of zinc in room 609. Otherwise, all elemental 

3 concentrations were less than 0. 004mg/m i n ~11 samples, 
with the majority being l ess than the l imit of detection 
(0·.9ug/m3, air volume adjusted) . · 

c. Asb·estos__and Silica · 

There was no asbestos observed in any sampl e . Small 
amounts of ·si 1i ca were observecl duri ng the qua1i ta ti ve 
species identi fication by e l ectron microscopy . However, 
all air samples submitted· for free s i lica analysis 
cont~in~d less than the- limi t · of quantitation (0.04mg/m3, 
air volume adjusted). 
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2. Organic Hydrocarbons 

Hydrocarbon vapors were found ·· to be pre·sent at very low 
leve 1s. Some hydrocarbons may commonly be· found in office 
environments, but these were _likely associated :w{th the use of 
glues, and solvents during . the reriovatioh; '- Altho~~h this was a 
qualitative analysis·~ the chemist deter-mined· thaf·· the weight of 
the most abundant component present, Toluene~ 'was· less than 
lOug. This equals a TWA" exposure level ·of l~ss _. than 0.03 parts 
per million {ppm), compared to the NIOSH recornmended criteria 
of 100 ppm {OSHA 200 -ppm) • . 

3. Forma 1 dehyde 
,f • 

Formaldehyde concentrations in ·the ·areas monito.red ·averaged 
o. 04p·pm {range o. 03-0. 06ppm, ·so±_o: 02) ~ These · ·con·centra ti ons 
are within the ranges typically found in office e·nvironments•. 
These 1ow 1.evels can result from cigarette smoking and the foam 
backing on office carpeting. ASHRAE recommends . that indoor air 
concentrations of formaldehyde be kept below O.lOppm. NIOSH 
recommends that exposure to · forma··l dehyde be ·cont'rolled' 'to the 
lowest feasible level. : · 

4. Drager® Tubes 

a. Cirbon Monoxi~e 

CO levels averaged 3ppm (range ·2-4ppm, ·A_SHRAE 9ppm). 

CO2 level_s averaged 370 ppm ·0 (range ·250-550ppin; 'ASHRAE 
2500ppm). 

Sulfur dioxide and oxides o'f ·nitrogen were 'nof \ Je'te·c ted in ...... 
any area. 

5. · · Yenti 1 a tion 

The· air ffows through the ceiling slot ·diffusers were quite 
variable. Air velocities ra·nged from 25 to greater tha·n 2000 
feet per minute (8-63 cubic feet per minute) p~r ··slo·t .·: This 
range of ve 1 oci ti es may not necessarily indicate VAY 'system 
imbalance, 'however 'the wide range of temperatures an·cr ·relative 
humidities found does indicate non- uniform ·comfort control, 
which is an objective of HYAC system balance. Temperatures 
within one office suite · (room 624-627) ranged from 64 °F (RH=61%) 
to 74°F(RH=46%). Some -of the smaller offices were nearer 80°F. 
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B. r1~di f~.1 

.All of the employees interviewed had previously reported having · 
symptoms while at work. Three of the four reported eye · 

· irritation. One could not wear prescribed contact lenses due to 
the presence of unknown . irritants. · Two employees reported 
headaches. · All four experienced respiratory irritation ranging 
from nasal irritation, and sneezing to dffficulty in _breathing. 
Three employees had a history of allergies• .One of these was 
asthmatic. Relief from these symptoms was noted on weekends and at . 
night, while away from the . building. 

The employees interviewed did not work within the same ventilation 
quadrant. The symptoms appeared to be rea1, and had been wi tne·ssed 
by other workers. The frequency ·of symptoms seemed to be, higher 
during the few previous 1TX>nths when the renovation construction 
work was heavier and p~esumably ~re dusty. 

VII. QJSCUSSION 

Levels of .air contaminants measured thro·ughout the sixth floor of the 
Old Post Office were well within the current limits established by 
OSHA, NIOSH, ACGIH, and ASHRAE as listed in section V, subsection A of 
this report. These levels would not be expected to cause the . 
irritative symptoms to be re.ported in the general population. However. 
most employees with symptoms reported a history of allergies which 
might explain their reacting to low levels of· mostly respirable sized . 
dusts. Also, ;n earlier mo.nths when· symptoms were reported to be 
worse, levels of atmospheric contaminants from the renovation were 
reported as being higher. The fact pf settled dust covering most flat 

·surfaces. and the dirty· appearance aro4nd the ceiling slot diffusers 
evidenced tha·t contaminants had been introduced into this environment. 

The ventilation, temperature and relative humidity measurements point 
out the fact that comfort. levels were not uniform throughout the sixth 
floor of 1;he building. NEA. pers·onnel indicated that this was -also the 
case on the remaining floors. The NIOSH investigators witnessed that 
there were cooler areas, warmer areas~ and some offices which were 
rather stuffy. · A survey· to determine whether the HVAC systems were 
within the design specifications or the ASHRAE guidlines with respect 
to amount of fresh outdoor air per person was not within the· scope of 
this study. ASHRAE recommends 20 cubic feet per minute (CFM) of fres·h 
outdoor air per · smoking person, and 5CFM of fres·h air per non-smoking 
person in office space, and 35CFM and 7CFM respectively in meeting and · 
waiting spaces. 
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It was . noted during the NIOSH walk~through · survey _that the GSA 
:	perspnnel assigned to maintain the HAVAC system were not knowledgeable
of all operational details of this VAY system. At the time of the 
survey, there . was no one assigned to. the premises for HVAC system 

. control. GSA· reacted to complaints of system problems and supplied a 
mechanic when available from off-site. Unti-1 this system more reliably 

. ·~ maintains comfort parameters, continual on-site monitoring ·and 
maintenance js indicated. 

VIII. CONCLUSIONS 

A. Contaminant exposures measured were well below NIOSH, ACGIH, ASHRAE 
a~d OSHA criteria at the time of the survey. They were most likely 
higher at earlier ttages of renovation construction. Construction 
related exposures should cease · at the termination and clean-up from 
these activf ties• .·No other exposure source wa-s apparent. 

B. 	 GSA assured NIOSH" that high efficiency particulate filters and 
pre-ffl ters are inspected regularly. Overloading would cause the 
HVAC system to shut down automatically. However there was an 
ihordinate amount· of set~led dust in the offices. The integrity of 
the air filtration systems should be checked. 

C. 	 A small -percentage of NEA employees were ·experiencfng health 
effects which they thought to .be· caused by the environment at 
work. The symptoms reported during interviews included respiratory 
difficulties, headaches, and ·eye and respiratory irritation. Most 
of these workers reported having allergy problems. 

· D. · Environmental comfort complaints were riumerous. Ventflation, 
· temperature and relative humidity measurements confirmed widely 
varying conditions. These problems directly relate to an 
improperly balanced and/or controlled HVAC/VAV system. 

. . 
E. 	 The HVAC/VAV system needs to be balanced. Its initial balancing

has been· upset evidently by offic~ rearrangeme~t. In some 
·instances office environments are controlled by the'rmostats in 
other offices. Once balanced, a system of this size and complexity
requires full-time, on-site monitoring and maintenance • 

... .... . .. . :.. ..:· ....... . . · ... .. :..-~ ·. :~. :. 
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IX. 	 RECOMMENDAtIONS - ··-:•.·.--· -· 

.,A... 	The 'fou.~ ai.r \andl i.ng systems should be inspected by the GSA to 
ensure the .integrity and proper functioni·ng of the air filtration 
systems. 

• , , 	 ; I 

B. 	 T·h~ ·:air handling syst~m in . this bui 1di·n·g needs to be ba1anced with 
re·spect to air circulation and temperature. This should include 
determining that supplied fresh outdoor air is within ASHRAE 
criteria. The balancing should be accomplished after .construction 
activities have ended, and once office spaces are· occupied 'as they 
will b~. for the · long term. Jbis balancing should be carried out by 

.an. ~xpe:rt in -the area of variable air -volume HVAC systems, ideally 
... _the desi,g-ner .'of the system. . 

......... .. . . . .. ' ... . . 

C. 	 Aut.omatic ·Shut-down of the -system should be adjusted to occur after 
worker·s· have completed their workday (6: OOpm). 
. . 

.:o. 	
.. 

Therm,ostats . shquld be located, relocated .if necessary, so that they 
ar~ wi_thin the office space they are to ·.control. 

t. 	 Someone train~d in the operation and maintenance of the variabl_e 
air volume 1-IVAC systems in this building should be on-site on a 
full~time basis. The training received should be .from experts in 

. .the .~rea. of 'vAV/HVAC systems, ideally the designer of this system. 

Th~se recommendations should help to ensure a comfortable and h~althy 
work 	 environment for the NEA. 
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XII. QISTRIBUTION AND AVAILABILITY OF REPORT 

Copies of this report are currently available upon request from NIOSH, 
Division of Standards Development and Technology Transfer, 4676 
Columbia Parkway, Cincinnati, Ohio 45226. After 90 days, the report 
will be available through the National Technical Information Service 
(NTIS), 5285 Port Royal, Springfield, Virginia 22161. Information 
regarding its availability through NTIS can be obtained from · NIOSH 
Publications Office at the Cincinnati address. Copies of this report 
have been sent to: 

1. 	 Administration Services Officer, National· Endowment for the Arts, 
1100 Pennsylvania Avenue N.W., Washington, o.c. 20506 

2. 	 Director of Administration, National Endowment for the Arts, 
1100 Pennsylvania Avenue N.W., liashington, D.C. 20506 

3. 	 Director of Administration, National Endowment for the Murilanities 
1100 Pennsylvania Avenue N.W., Washington, D.C. 20506 

4. 	 Chairman, National Endowment for the Arts. 
1100 Pennsylvania Avenue N. W. , Washington, D. C. 20506 

5. 	 Buildings Manager, Room 1314, General SerVices 
Administration, 1111 Constitution Avenue,. N.W., Washington, D.C. 
20224 

6. 	 NIOSH, Region I II 

7. 	 OSHA, Region III 

For the purpose of informing affected employees, copies of this report 
shall be posted oy the employer in a prominent place accessibl.e to the 
employees for a period of 30 caJendar days. 



·- .... - . -· ... . ·-···· -· 

er:. 

Table I 


Exposure Summary 

Nati0nal Endowment for the Arts 


Old Post Office Building 

HETA 83-320 


July 27, 1983 


[ocati on Criteria 

Substance Rm 602 Rm 609 Rm 619 Rm 627 Corridor ASHRAE NIOSH ACGIH OSHA 

Total bust ·(mg/m3) 0.04 0.08 C.01 0.09 0.19 0.26* - 10 1.5' 
i:..., · Respirable Dust (mg/m3) 0.01 0.07 0.13 - - 5 

Formaldehyde (ppm) 0.03 · - 0.06 - 0.1 LFL l* 3 
Carbon Monoxide (ppm) 3 trace 2 trace 4 9 35(200)* 50 50 
Carbon Dioxide (ppm) 400 250 250 400 550 2500 10.,000 5000 5000 

*ceiling 

lFL = lowest feasible level · 
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Figur e 1

® Old Post Office· Building 
Indicates Sampling Location 
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