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. SUMMARY

On August 19, 1991, the National Institute for Occupational Safe
Heal th (NI OSH) received a confidential witten request to conduc
heal th hazard evaluation (HHE) at the Social Security Admnistra
(SSA), District Ofice in Colorado Springs. The requestor was s
assi stance regardi ng conplaints from SSA enpl oyees related to po
i ndoor environnmental quality (I1EQ. A previous investigation wa
conducted in this office in 1985 by the Division of Federal Enpl
Cccupational Health. The investigators sanpled for volatile org
chem cal contam nants such as formal dehyde and perchl oroet hyl ene
failed to identify the presence of either above the limts of de
of 0.03 ppmand 0.2 ppm respectively. Results of that investig
did, however, indicate that poor air circulation and low relativ
hum dity (RH) were contributing factors that nmay have precipitat
occupant conplaints relating to poor |EQ

On March 26 and 27, 1992, a NIOSH i ndustrial hygienist conducted
buil ding i nvestigation at the Citadel Shopette, a single story o
conpl ex where the District Ofice is located. The building is a
of fice rental property containing food service, optical dispens
cl eaning, printing and financial management establishments. A b
survey questionnaire was distributed to SSA enpl oyees and superv
an inspection of the heating, ventilating and air conditioning s
(HVAC) system was performed and environnental nonitoring was con
to evaluate tenperature and RH and carbon dioxide (CO). Air sar
for volatile organic contam nants (VOCs) and fornmal dehyde was a
conduct ed.

Aver age tenperatures in the occupied space ranged from 71°F (nor
to 76°F (late afternoon). RH neasurenents ranged from 19% to 26
I nst ant aneous CO, neasurements ranged in concentration from 525 ¢
per mllion (ppm to 1000 ppm

Area air sanpling for formal dehyde and vol atile organic conmpound
conducted in seven |l ocations, including an outside air sanple.
one fornmal dehyde sanple (0.04 ng/n?f) was found to be above the m
detect abl e concentration (MDC) of 0.01 ng/n? based on a sanpling
of 40 liters. The outside air sanple was non-detectable. VOCs
i ncl udi ng perchl oroethyl ene, acetone, 1,1,1 trichloroethane, to
and total xylenes were reported on the collection nedia; Supelco
Carbotrap™ 300 thermal desorbtion tubes. Perchloroethyl ene was
in a significantly greater proportion on each sanple, at 0.30 ng
0.18 ng/n* in indoor and outdoor air sanples, respectively.
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Tenperature nmeasurenents were within the Anerican National Stand
Institute/ American Society of Heating Refrigerating and Air
Condi ti oni ng Engi neers (ANSI/ASHRAE) gui delines for thernmal

envi ronnental conditions for human occupancy (Standard 55-1981)
instances. Relative hum dity nmeasurenents were on the | ower end
ANSI / ASHRAE confort zone. Daily neasurenents of carbon dioxide
approached 1000 parts per mllion (ppm suggesting inadequate di
ventilation. Results of the questionnaire survey indicated the
common health conplaints were dry skin and dry or irritated eyes
Headache was al so nenti oned as a health conpl aint.

No health hazard was identified, however, entrainnent of outside
contam nated with perchl oroet hyl ene from an adj acent dry cleanin
operation in combination with low relative humdity may have
contributed to enpl oyee conplaints. Recommendations are given i
this report to correct the problem and help alleviate the
conpl ai nt s.

KEYWORDS: SI C 9441, (Governnent offices) Indoor Environnental Qu
(IEQ, Indoor Air Quality (1AQ, Formal dehyde, Perchloroethyl ene
Tetrachl oroet hyl ene, Dry Cl eani ng.
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| NTRODUCTI ON

On March 26, 1992 an opening conference was conducted with an
investigator fromthe National Institute for Occupational Safety
Heal th (NI OSH), nmnagenent representatives fromthe Social Secur
Adm ni stration (SSA) District Ofice, and a union representative
the American Federation of Governnent Enpl oyees (AFGE). The req
whi ch was received on August 19, 1991, related to personnel enpl
the SSA, Col orado Springs, District Ofice regarding nucous nmenb
irritation, headache and poor air circulation believed to be rel
conditions of the indoor environment. According to the request,
at the SSA reported that the air inside the building was stagnan
t hat nol ds, bacteria, viruses or chemicals in the air were suspe
possi bl e factors contributing to poor indoor environnmental quali
(IEQ within the office space.

BACKGROUND

A. Description of the Facility

The SSA District Office is located within the Citadel Shopett
3628 Citadel Drive North, Col orado Springs, Colorado. The Ci
Shopette is a triangular shaped, single story office conplex
containing a variety of other businesses including, a food
concessi on, optical dispensing store, dry cleaners, a small p
shop, a hair styling salon and a chiropractic office. The SES
District Ofice enploys 35 people. The nature of the work
conducted in the SSA space involves interaction with the publ
regardi ng managenent of social security benefits, clainms nmana
and associ ated paperwork processing. The work area consists
approxi mately 11,000 square feet and is arranged primarily as
open space |layout. Seating arrangenents consist of groups of
nodul ar desk/work areas accommodating fromsix to eight perso
Two private offices, a multi-purpose room conputer room and
training roomare |located inside the space along the perinete
wall. The SSA is provided this space fromthe General Servic
Adm ni stration (GSA), which | eases fromthe building ower, t
Oive Real Estate Group.

The building is constructed of masonry and structural steel.
roof of the building is flat, sealed with hot mastic and grav
The space is heated and cooled with seven rooftop package air
handling units (AHUs) operating on constant air volume. Each
is designed to provide heating and cooling to one of seven zo
the office, depending upon the tenperature in the space and t
respective setpoints on the thernpostats. Seven automatic

t hernostats | ocated throughout the space control the AHUs.
Swi t chover from heating to cooling occurs automatically when
tenperature in the occupied space reaches a certain heating o
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cooling setpoint on the automatic thernostats. Mnual switch
fromheating to cooling is not necessary. According to the
mechani cal blueprints, the heating, ventilating and air
conditioning system (HVAC) is designed to provide 10,245 cubi
per mnute (cfm of supply ventilation to the office space.

m ni mum of five cfm per person of outside air is specified in
GSA Solicitation for O fers | ease agreenent for this space.

of fice space is carpeted and the wi ndows are vacuum seal ed, n
opening. O fice cleaning and vacuum ng is provided under a
contract with Comrercial Cleaning Technicians and occurs betw
7:30 and 9:00 a.m

The buil ding had a prior IEQ investigation by the regional

i ndustrial hygienist of the Division of Federal Enpl oyee
Occupational Health (FEOH) Region VIII. The results of that

i nvestigation, conducted in Novenmber 1986 and February and Ap
1987, found that formal dehyde and perchl oroet hyl ene were not
present (to the limt of detection of 0.03 ppmand 0.2 ppm
respectively), tenperature was within the American Soci ety of
Heating, Refrigerating and Air Conditioning Engi neers ( ASHRAE
standard 55-1981 for thermal confort, and relative humdity (
was neasured at the |lower end of the ASHRAE confort zone. A
measurenents indicated that, according to design specificatio
insufficient air circulation or a ventilation system i nbal anc
low RH, were contributing factors related to conplaints of po

| EQ
MATERI ALS AND METHODS

W nd direction and speed were eval uated on the norning of the fi
of the investigation because entrai nment of outside air contanin
was suspected by the investigator. An east wind of approxinatel
m | es per hour (nmph) was present and outside air tenperature and
were 58°F and 24% respectively. [|ndoor neasurenents at 9:00 a. nm
70°F and 21% RH. The investigation began with an inspection of
seven roof top AHUs. A technician fromthe Oive Conpany was av
to facilitate inspection of the HVAC units. The units are nunbe
t he mechani cal blueprint as roof top units (RTUs) RT-12,13,14,1
and "new 3 ton unit." Units 12-17 are Trane 3.5 ton units while
ton unit is a Carrier nodel. The service panel of each unit was
renoved and the unit was inspected for the presence, condition a
correct installation of filter nedia, position of outside air da
signs of mcrobiological growmth, condition of duct |inings, coil
drai n pans.

To characterize aspects of ventilation and thermal confort, carb
di oxi de, tenperature and RH were neasured at fifteen | ocations

t hroughout the space at three intervals during the day: 9:00 a. nm
11:30 a.m, and 4:30 ppm A total of forty-five tenperature and
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measurenents were made using a battery-operated, hand-held Vaisa
34 tenperature and RH neter. Real-tine CO, was neasured using a
Gastech Model RI-411A portable CO, analyzer. This instrument is
capabl e of neasuring CO, concentrations from50 to 5000 ppm  Aft
zeroing and span gas calibration were perforned, neasurenments we
taken three tines during the day, at fifteen separate |ocations.
Supply air (ceiling diffuser) flow was characterized with the us
snoke tubes.

On the second day of the investigation, area air sanpling was co
inside the building to evaluate the presence of fornmal dehyde, an
vol atil e organi c conmpounds (VOCs). Perchlorethylene and fornmald
were suspect chemicals in this investigation because of the prox
of rooftop exhaust stacks and the presence of new furnishings in
office area. Sanpling for fornmal dehyde was conducted according

NI OSH net hod 3500 using all-glass m dget inpingers and a 20 m ||
of 1% sodium bisulfite solution.: After on-site calibration wt
primary standard, personal sanpling punps were used to collect a
sanples at a flow rate of 200 cubic centineters per mnute (cc/nm
Supel co™ Car botrap™ 300 tubes and personal sanpling punps were u
sanple at a rate of 20 cc/mn for VOCs. Six desk top |ocations,
in a separate ventilation zone, were sanpled. Background sanple
formal dehyde and VOCs in outdoor air were also taken at a | ocati
the rear of the building.

A sel f-adm ni stered questionnaire was distributed to all full-ti
staff present in the office at the time of the investigation. T
one responses were received, for an 89% response rate. The purp
t he questionnaire was to deterni ne occupant perceptions of build
thermal confort and health effects related to | EQ

V. EVALUATI ON CRI TERI A

NI OSH i nvesti gators have conpl eted over 1100 investigations of t
i ndoor environment in a wide variety of settings. The nmajority
t hese investigations have been conducted since 1979.

The synptons and health conplaints reported by buil ding occupant
been diverse and usually not suggestive of any particul ar nmedica
di agnosis or readily associated with a causative agent. A typic
spectrum of synptons has included headaches, unusual fatigue, va
degrees of itching or burning eyes, irritations of the skin, nas
congestion, dry or irritated throats, and other respiratory
irritations. Typically, the workplace environment has been inpl
because workers report that their synptons | essen or resolve whe
| eave the buil ding.

A nunber of published studi es have reported high preval ences of
synpt ons anpong occupants of office buildings.?% Scientists
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i nvestigating indoor environnmental problens believe that there a
mul tiple factors contributing to building-related occupant

conmpl aints.’”® Anmpong these factors are inprecisely defined
characteristics of heating, ventilating, and air-conditioning (H
systens, cunul ative effects of exposure to |ow concentrations of
mul ti ple chem cal pollutants, odors, elevated concentrations of
particul ate matter, m crobiological contam nation, and physical
such as thermal confort, lighting, and noise.®%!* Reports are not
conclusive as to whether increases of outdoor air above currentl
recommended anounts (=15 cubic feet per m nute per person) are
beneficial.®'® However, rates |lower than these anounts appear t
increase the rates of conplaints and synptons in some studies. !
Desi gn, mmi ntenance, and operation of HVAC systenms are critical
their proper functioning and provision of healthy and thernmally
confortabl e indoor environnments. |Indoor environnmental pollutant
arise fromeither outdoor sources or indoor sources.?

There are also reports describing results which show that occupa
perceptions of the indoor environment are nore closely related t
occurrence of synptonms than the nmeasurenment of any indoor contan
or condition.? Sonme studies have shown rel ati onshi ps between
psychol ogi cal, social, and organizational factors in the workpla
the occurrence of synptons and confort conplaints.?

Less often, an illness may be found to be specifically related t
sonething in the building environment. Sonme exanples of potenti
building-related illnesses are allergic rhinitis, allergic asthm

hypersensitivity pneunonitis, Legionnaires' disease, Pontiac fev
carbon nonoxi de poi soning, and reaction to boiler corrosion inh

The first three conditions can be caused by various m croorganis
ot her organic material. Legionnaires' disease and Pontiac fever
caused by Legionella bacteria. Sources of carbon nonoxide inclu
vehi cl e exhaust and i nadequately ventil ated kerosene heaters or

fuel - burni ng appliances. Exposure to boiler additives can occur
boiler steamis used for hum dification or is released by accide

Probl ens NI GOSH i nvestigators have found in the non-industrial in
envi ronnent have included poor air quality due to ventilation sy
deficiencies, overcrowding, volatile organic chemcals from offi
furni shings, machines, structural conponents of the building and
contents, tobacco snoke, m crobiological contani nation, and outs
pol lutants; confort problenms due to inproper tenperature and rel
hum dity conditions, poor lighting, and unacceptabl e noise |evel
adverse ergonom c conditions; and job-rel ated psychosocial stres
I n nost cases, however, no cause of the reported health effects
be determ ned.

St andards specifically for the non-industrial indoor environment
exist. NIOSH, the Occupational Safety and Health Adm nistration
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and the American Conference of Governnental Industrial Hygieni st
(ACG H) have published regul atory standards or recommended |imt
occupati onal exposures.?>2 Wth few exceptions, pollutant
concentrations observed in the office work environment fall well
t hese published occupational standards or recommended exposure |
The Anerican Society of Heating, Refrigerating, and Air-Conditio
Engi neers (ASHRAE) has published recomended building ventilatio
design criteria and thermal confort guidelines.??2 The ACGH ha
devel oped a manual of guidelines for approaching investigations
bui | di ng-rel ated conpl aints that m ght be caused by airborne liv
organi sns or their effluents.?’

Measur ement of indoor environmental contam nants has rarely prov
be hel pful, in the general case, in determ ning the cause of synm
and conpl ai nts except where there are strong or unusual sources,
proved rel ati onship between a contam nant and a buil di ng-rel at ed
i1l ness. However, neasuring ventilation and confort indicators

CO,, and tenperature and relative humdity, is useful in the ear

stages of an investigation in providing information relative to

proper functioning and control of HVAC systenms. The basis for t
measurenents made in this investigation are presented bel ow

A. CARBON DI OXI DE

Carbon Di oxide (CO) is a normal constituent of exhal ed breat|
if rmonitored, can be used as a screening technique to eval uat
whet her adequate quantities of fresh air are being introduced
an occupi ed space. The ASHRAE Standard 62-1989, Ventilation

Acceptabl e I ndoor Air Quality, recomrends outdoor air supply

of 20 cubic feet per m nute per person (cfm person) for offic
spaces and conference roons, 15 cfm person for reception area
60 cfm person for snoking | ounges, and provides estimted max
occupancy figures for each area.?

| ndoor CO, concentrations are normally higher than the genera
constant ambi ent CO, concentration (range 300-350 ppm). Wen
i ndoor CO, concentrations exceed 1000 ppmin areas where the
known source is exhal ed breath, inadequate ventilation is
suspected. Elevated CO, concentrations suggest that other ini
contam nants nmay al so be increased.

B. TEMPERATURE AND RELATIVE HUM DI TY

The perception of confort is related to one's netabolic heat

production, the transfer of heat to the environment, physiolo
adj ust ments, and body tenperatures. Heat transfer fromthe b
the environment is influenced by factors such as tenperature,
hum dity, air novenment, personal activities, and clothing. A
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St andard 55-1981 specifies conditions in which 80% or nore of
occupants woul d be expected to find the environnent thermally
confortable. 26

FORMAL DEHYDE

Synptons of exposure to | ow concentrations of formaldehyde in
irritation of the eyes, throat, and nose, headaches, nausea,
congestion, asthma, and skin rashes. It is difficult to ascr
particul ar health effects to specific concentrations of

formal dehyde to which people are exposed, because of vari abi
subj ective responses and conplaints. Irritation synptonms nay
in peopl e exposed to formal dehyde at concentrations as | ow as
0.1 ppm but nmore frequently in exposures of 1.0 ppm and grea
Sone sensitive children or elderly, those with preexisting
allergies or respiratory di seases, and persons who have becon
sensitized from prior exposure may have synptons from exposur
concentrations of formal dehyde between 0.05 and 0.10 ppm

For mal dehyde-i nduced ast hma and bronchial hyperactivity devel
specifically to formal dehyde are unconmon. 28

For mal dehyde vapor has been found to cause a rare form of can
Fi scher 344 rats exposed to a 15 ppm concentration for 6 hour
day, 5 days per week, for 24 nonths. \Whether these results c
extrapol ated to human exposure is the subject of considerable
specul ation in the scientific literature. Conclusions cannot
drawn with sufficient confidence from published nmortality stu
of occupationally exposed adults as to whether or not fornmald
is a carcinogen. Studies of |ong-term human occupational exp
to formal dehyde have not detected an increase in nasal cancer
Nevert hel ess, the aninmal results have pronpted NIOSH to recon
t hat fornmal dehyde be considered a potential occupational carc
and thgt wor kpl ace exposures be reduced to the | owest feasib
[imt.

Ef fective June 27, 1992, OSHA has reduced the tine-weighted a
(TWA) Perm ssi bl e Exposure Level (PEL) for formal dehyde to O.
for an 8-hour shift, with a 0.5 ppmaction |limt. There are
changes for the 15-min short-term exposure limt (STEL) of 2.
or the action level of 0.5 ppm 3 The ACG H has given formalc
an A2 designation, indicating that ACG H consi ders forml dehy
suspected human carci nogen. The ACG H TLV/ TWA for formal dehy
1.0 ppmand the TLV/STEL is 2.0 ppm 3 The ACA H has issued ¢
Noti ce of Intended Change for fornmal dehyde to 0.3 ppmceiling
(TLV/C) .22 1f, after two years, no evidence conmes to light tF
guestions the appropriateness of the proposed change, the val
will be considered for adoption into the TLV |listing.
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PERCHL OROETHYL ENE

Perchl oroet hyl ene (al so called tetrachl oroethylene) is a clea
colorless, non-flammble liquid with an ether-like odor. Rep
contact may cause a dry, scaly, and fissured dermatitis. Hig
exposure to airborne concentrations may produce eye and nose

irritation. Acute exposures have caused effects on the centr
nervous system nmnucous nenbranes, eyes, kidneys, liver, heart
skin. Synptonms of overexposure include headache, dizziness, v
and unconsci ousness. 2 While perchl oroethyl ene can be netabc
fromthe body, the process is relatively slow. The substance
deposited in body fat with a biological half-life estimted a
days.

The National Cancer Institute (NCI), in a |long-term ani mal st
has denonstrated that perchloroethylene, adm nistered by gava
causes hepatocel lular carcinoma (liver cancer) in | aboratory
of both sexes. 3 A two-year inhalation study done by the Nati
Institutes of Health (NI H), National Toxicology Program (NTP)
rats and m ce has shown evidence of carcinogenicity from

per chl or oet hyl ene exposure, in males and femal es of both spec
In a NIOSH retrospective cohort nortality study of 1,690 dry
cl eani ng workers having potential exposure to perchl oroethyle
deaths to liver cancer were observed.3® However, N OSH consic
substances that cause cancer in experimental animals to al so
potential risk in humans. While safe levels of exposure to
car ci nogens have not been denpnstrated, the probability of
devel opi ng cancer is |owered by decreasing exposures to
carcinogens. In this light, N OSH recommends occupational ex
to perchl oroethylene be mninimzed while its carcinogenic pot
in the workplace is further eval uated.

VI. RESULTS AND DI SCUSSI ON

A.

HVAC SYSTEM

Filter media in the HVAC systenms were found to be clean, inta
installed correctly in each of the seven units that were insp
Qut door air danpers, which are manual |y operated, were found
to the greatest possible position. The Carrier three-ton un
a recent nodification to the HVAC system and was not install
with an outdoor air intake. The unit served the SSA training
and was configured with optional installation of an econoni ze
Econonm zers are used to provide outside air (dilution ventila
as a nmeans of providing "free cooling" to interior spaces.
unit, in its condition w thout an econom zer or a source of n
air, did not provide any outside air to the indoor space. Th
sinply provided heating and cooling of recircul ated buil ding
Al'l condensate pans and drai ns appeared to be free of visible
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of mcrobial growth. There were signs of water staining and

damaged fi berglass duct liner in each of the m xi ng boxes on

downstream side of the filter nedia on RTUs 12-17. The prese
debris such as bugs and dirt on the downstream side of the fi
suggests that filter bypass has occurred or that debris may b
entraining into the system when the mai nt enance covers are re
for servicing.

TEMPERATURE AND RELATI VE HUM DI TY

Average daily tenperatures were 71°F (9:00 a.m), 74°F (2:00
and 76°F (4:30 p.m) in the occupied space. | ncreasi ng dai
tenperature was an obvious trend. A peak tenperature of 81°F
recorded late in the afternoon of the second day of the
investigation in the nmulti-purpose room The reason for the
tenperature in the nmulti-purpose was |ater determned to be a
faulty fan nmotor on the HVAC unit serving the room Accordin
of fi ce manager, the problem was corrected and tenperatures
normal i zed. The RH neasurenments ranged from 19% to 26% w th
decreasing daily trend. The 9:00 a.m average RH was 26% 2:0
measured 21% and the 4:30 p.m average was 21%

The ASHRAE St andard 55-1981 specifies conditions in which 80Y%
nore of the occupants woul d be expected to find the environne
thermal |y confortable.? The thermal confort range as specifice
this standard is between 64°F and 74°F in winter nonths and b
73°F and 79°F in sumrer nont hs. The confort range for RH
according to ASHRAE is 30% to 60%

Consi dering the ASHRAE wi nter season tenperature criteria (be
64°F and 74°F), average tenperatures measured in the SSA spac
out side the ASHRAE t hermal confort paranmeters. Average RH
measurenents were well below the ASHRAE paraneters of 30%to
60% RH. Figure 1 presents tenperature and RH neasurenents.

Snoke tubes were used to characterize air flow around supply

di ffusers. At several randomy selected | ocations, considera
variations in air flow were observed using the snoke to conpa
di ffusers having identical blueprint specifications for supp

Smal | desk fans were observed being used by a nunmber of staff
need for desk top fans in a properly operating, mechanically

ventil ated buil ding suggests inadequate air distribution with
space. This problemcan be related to a nunmber of causes,

i ncl udi ng HVAC system i nbal ance, "short-circuiting," or disru
of roomair flow within the roomby office dividers or partit
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CARBON DI OXI DE

Aver age i ndoor carbon di oxi de neasurenents ranged in concentr
from525 ppmto 1000 ppm Average airborne concentrations at
9 am were 700 ppm at 2 p.m and 4:30 p.m concentrations w
800 and 650 ppm respectively. Peak concentrations of 900-10
were neasured at 2 p.m Figure 2 shows carbon dioxide trends
a day of the investigation.

In the interest of clarification, it is inportant to stress t
ai rborne concentrations of CO, as a chem cal, are not thought
responsi ble for health conplaints in the range typically foun
of fice settings. Qutdoor concentrations of CO, average
approxi mately 350 parts per mllion (ppm. \When indoor
concentrations approach 1000 ppm insufficient dilution venti
may exi st within the occupi ed space which may indicate a pote
| AQ problem An increase in CO, |evel is seen when dilution
ventilation (fresh, outside air) is lacking and the atnospher
t he occupi ed space nmay be perceived as stale, stuffy or perha
thermally unconfortable (often too hot). At the same time, n
ai rborne contam nants (dusts, for exanple) or a comnbination o
agents (thermal effects or chem cal contam nants) may act in
concert to produce health conplaints. The percentage of peop
that may or may not respond in an adverse nmanner in this situ
is highly variable but some factors include current health or
enotional status, pre-existing disease or a specific
hypersensitivity (allergy). The ASHRAE Standard 62-1989,
Ventilation for Acceptable Indoor Air Quality, recomends out
air supply rates of 20 cubic feet per m nute per person

(cfm person) for office to keep | evels of CO, bel ow 1000 ppm

FORMAL DEHYDE

Six air sanples were taken at various locations in the office
eval uate for the presence of formal dehyde. As a background s
one neasurenent was taken outdoors at the rear of the buildin
si x indoor air sanples, only one measuring 1.7 m crograms per
sanple or 0.04 mlligrans per cubic nmeter (ng/n?) nmeasured ab
the m ni nrum det ectabl e concentration of 0.01 ng/n?f based on a
sanple volunme of 40 liters. For this set of sanples the anal
limt of detection (LOD) was reported as 0.5 nicrograms per s
(average sanple volumes were 36 liters). The remainder of th
i ndoor sanples measured 1 or <1 mcrograns per sanple (an ave
of .02 ppm. Values of 1 or <1 mcrograns per sanple were be
the limt of detection (LOD) and the limt of quantitation (L
for the nmethod. These val ues cannot be considered "firni' nun
amount s and shoul d be considered sem -quantitative. The
concentration for the quantifiable sanple was well below the
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general industry standard PEL for fornmal dehyde of 0.75 ppm (O
ng/ n?) . The outdoor sanple was reported as non-detectabl e.
recomends that exposure to formal dehyde be limted to the |lo
feasible level since it is a potential human carcinogen. ?®

VOLATI LE ORGANI C COVPOUNDS

Sanples were collected at a flow rate of 20 cc/m n over a san
period of approximately five hours, for an average total sanp
volune of 5.6 liters. Six sanples were taken indoors and one
sanpl e was taken outdoors as a conparison criteria to amnbient

Sanpl es were found to have detectable |levels of five volatile
organi ¢ conpounds: perchl oroethyl ene, acetone, 1,1,1
trichloroethane, toluene and total xylenes. Perchloroethylen
present in a significantly greater proportion on each sanple,
found above the MDC of 0.001 ng/n? based upon average sanple
volunes of 5.6 liters. The |aboratory reported limt of dete
was 50 nanograns per sanple. Perchloroethylene, also called
tetrachl oroethyl ene, is a common commercial dry cleaning solv
All of the VOCs detected were found at concentrati ons bel ow
exi sting OSHA PELs. VOCs, |ike fornmal dehyde, have no specifi
regulatory criteria as air contam nants in the non-industri al
wor kpl ace. Tentative guidelines for acceptable exposures to
solvent-li ke VOCs have been proposed by Mgl have.3 Total VOC
concentrations of <0.16 mlligranms per cubic neter (ng/nt) is
suggested as an amount for which irritation is not expected;
3.0 ng/nt is proposed as a range in which irritation and di sct
are possible if other chem cal exposures with additive effect
present. The range of disconfort (irritation and headache)
proposed by Mzl have is 3-25 mg/nm® with irritation and disconf
probabl e out conmes; headache is possible if other additive eff
exposures interact. >25 ng/nmB is listed as a toxic concentra
Average levels of total VOCs found in the SSA District Ofice
0.45mgy/ nt. CQutside (anbient) air |levels of total VOCs were O.
mg/ m. The U. S. Ambient Air Quality Standards (AAQS) for
hydrocarbons is 0.16 ng/nB averaged over 1 hour. 38

Perchl oroet hyl ene was present at 0.30 ng/m and 0.18 ng/nt in
i ndoor and outdoor air sanples, respectively (Figure 3).

Concentrations of perchl oroethylene in indoor air were found
consistently related to sanpling |location. Airborne concentr
of perchl oroethyl ene in HVAC zones served by the new three to
unit, RT-12 and RT-13 were roughly double those areas within
space served by RT-14, RT-15 and RT-17. This is likely due t
physi cal location; RTs-12 and 13 are |ocated closer to the dr
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cl eaners roof top exhaust. Figure 4 shows rooftop HVAC | ayou
concentrations of perchloroethylene in relation to HVAC zone.
recogni zes perchl oroet hyl ene as a potential occupational carc
and ;fconnends t hat occupational workplace exposures be kept
LFL.

QUESTI ONNAI RE RESULTS

Thirty-one questionnaires were received in response to the
distribution to thirty-five full-tinme staff. Twenty, (71% o
respondents, had spent three or nore years in the building.

Ei ghteen (58% reported spending an average of forty hours a
in the building. Overall satisfaction with workplace cleanl
and |lighting was reported; twenty-two respondents (71% repor
their inpression of the workspace to be very clean or reasona
cl ean, and twenty-four respondents (77% indicated that |ight
was acceptable for working tasks. W rkstation confort was
consi dered acceptable, with twenty-five (81% and twenty-thre
(7499 reporting a reasonably or very confortable desk, and ch
respectively.

Of the thirty-one respondents, the nost common heal th conpl ai
were dry skin and dry, itching or irritated eyes. Both categ
of synptons were reported by fourteen individuals (42% . Hea
was reported by ten enployee (32%, 72% indicated that this s
i nproved when they were away from work. Sneezing was reported
ei ght individuals (269 . Eleven enployee (37% indicated tha
experienced a dry throat several days a week or al nost everyd
however, an equal nunmber reported not experiencing this synmpt
the | ast four weeks. Fifty percent of those experiencing dry
t hroat reported di sappearance of this synptom upon | eaving wo
Ten individuals (33% reported being nedically diagnosed as h
an allergy to dust, 8 (28% reported a nedical diagnosed alle
nol d.

Thermal confort conplaints (tenperature too hot) were reporte
occurring several days a week to al nost every day in twenty-o
(7599 of the respondents. Twenty respondents (69% reported
the building was too dry every, or alnost every day.



Page 14 - Health Hazard Eval uati on Report No. 91-351

VI,

VITIT.

CONCLUSI ONS

Results of environnmental nmonitoring and air sanpling at the SSA
District Ofice |located in the Citadel Shopette in Col orado Spr
Col orado indicate a |likely cause of health conplaints is the
entrai nnent of outdoor air contam nants, specifically exhausted
from an adjacent dry cleaning operation. Perchloroethylene, a c
dry cl eaning solvent, was the nost predonm nant air contam nant mn
in both indoor, and outdoor air sanples. Fornmal dehyde, an air
contam nant often found in office areas, was neasured above the
only one of six indoor air sanples at 0.04 ng/nB8. Formal dehyde
measured in outdoor air at |evels above the MDC for the nethod u
Rel ative hum dity, nmeasured at |evels |ower than a thermal confo
i ndex recogni zed by ASHRAE, conmbined with poor air circulation a
were factors likely to be related to occupant thermal confort
conpl ai nt s.

RECOMVENDATI ONS

The follow ng recommendati ons were offered to provide acceptable
air quality in the space.

1. Roof-nounted HVAC exhausts serving the dry cl eaning establish
shoul d be eval uated and reconfigured to m nimze reentrai nnen
exhaust effluent into outdoor air serving the SSA office spac
The addition of a stack may be necessary to acconplish this.
Properly designed stacks di sperse exhausted air away from bu
air intakes and into the anmbient environnent, allow ng diluti
take place. Stacks which are insufficient in height or |ocat
close proximty to air handling units increase the possibilit
reentrai nment of stack gasses. An engineering firmfamliar
stack design and HVAC systenms should be consulted to eval uate
dry cleaning facility rooftop exhaust units at the Citadel
Shopette. A practice generally accepted anong desi gners of
i ndustrial stacks is to engineer stack height in relation to
bui I ding height.3 For buildings 1-3 stories, a sinple rule f
stacks is to use 0.5 x the building height. A building 10 fe
hi gh would require a 5 foot stack. This reconmendation perta
nore specifically toward the buil ding owner (The Oive Conpan
Correcting the situation is in the best interests of all bui
occupants at the Citadel Shopette.

2. Air balance should be checked on the SSA HVAC system A qual
HVAC test and bal ance firm should be contacted to eval uate, t
and bal ance the entire system A properly bal anced system sh
result in an even distribution of supply air in the occupied
and may alleviate thermal confort problens. An evaluation sh
be made to determ ne the ampbunt of outside air delivered to t
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space. The system should be adjusted to deliver a m ni num of
15 cfm per person of outside air during periods of normal occ
as specified in the 1989 ASHRAE st andard.

3. The SSA space shoul d be under positive atnospheric pressure
relative to the outdoor environnment and the adjacent business
Each SSA roof top package unit should provide an outside infl
volunme which is at |east 10% greater than the exhaust air vol
fromthe area served.

4. Doors opening to the service hallway at the back of the dry
cl eani ng establishnent should be kept shut to prevent sol vent
vapors frommgrating into the hallway and entering the SSA s
This is particularly inportant because the SSA space was foun
be under negative pressure, and the hallway could be acting a
transport path for air contam nants mgrating this known sour
per chl or oet hyl ene.

5. The Carrier three-ton unit should be nodified to bring in out
air in accordance with the current ASHRAE recommendation. On
met hod to acconplish this would be the addition of an econom
A ventilation engineer should be consulted in regard to this
particul arly considering that unless the problemwi th the sta
corrected, entrainment of outside air contam nants are a cont
possibility.

6. Ofice cleaning (dusting and vacuum ng) shoul d be conducted a
nor mal wor ki ng hours when office staff have vacated the build
The results of the questionnaire indicate that 33% of office
personnel report a nmedically diagnosed allergy to dust. Vacu
with traditional (low efficiency) vacuum cl eaners can act ual
increase |l evels of airborne dust, provoking upper respiratory
synptons or allergic asthma in sensitized individuals.
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Xl .

DI STRI BUTI ON AND AVAI LABI LI TY OF REPORT

Copies of this report may be freely reproduced and are not copyr
Single copies of this report will be available for a period of 9
fromthe date of this report fromthe N OSH Publications Ofice,
Col unmbi a Parkway, Cincinnati, OH 45226 To expedite your reques
include a self-addressed mailing | abel along with your witten r
After this tinme, copies may be purchased fromthe National Techn
| nformati on Service, 5285 Port Royal Road, Springfield, VA 2216
I nformation regarding the NTIS stock nunber may be obtained from
NI OSH Publications O fice at the Cincinnati address.

Copies of this report have been sent to:

Social Security Admi nistration District Ofice
O ive Conpany Real Estate G oup

Confidential Requestors

OSHA, Region 8

NI OSH, Denver Regional O fice

N

For the purpose of inform ng affected enpl oyees, copies of this
shal | be posted by the enployer in a pronm nent place accessible
af fected enpl oyees for a period of 30 cal endar days.



