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I.  SUMVARY

On April 22, 1992, the National Institute for Cccupational Safety and
Health (NIOSH) received a request fromthe Safety Oficer of the Al aska
Departnment of Environnmental Conservation in Juneau, Al aska to conduct a
heal th hazard eval uati on (HHE) at the new Department of Environnental
Conservation (DEC) office building in Juneau. The requestor was seeking
assistance with indoor air quality concerns in the building.

On August 25-26, 1992, an evaluation of the 3-story office building was
conducted. The NI OSH eval uation consisted of: (1) an assessnent of
questionnaire results from building enpl oyees, (2) an exam nation of the
buil ding's heating, ventilating and air conditioning (HVAC) systens, (3)
an examnation of the building for identifiable contam nant sources, (4)
interviews with representatives fromthe buil di ng managenent and

bui | di ng enpl oyees; (5) and an environnental survey designed to assess
key parameters related to the building' s air quality including carbon

di oxi de (CO,), tenperature, humidity, carbon nonoxide, and air sanples
for volatile organic conpound (VCOCs).

Prior to the site visit, questionnaires were circul ated by the requestor
and sunmarized by the investigator. There was a 65%response rate (129
of 200 occupants) to the questionnaire. The major conplaints were
centered on confort-related issues; the building was too hot, too stuffy
(lack of air circulation), and there were noticeable odors. The major
heal th probl ens reported were headache (19%, stuffy or runny nose
(16%, burning or 1tchy eyes (13%, and a host of m scellaneous synptoms
(18% . Occupants on the first and third floors uniformy conpl ai ned
that the building was too hot on hot days and too cool on cool days.

The predom nant conplaint on the second floor was that the air in the
bui I ding was too dry.

The ventilation system consisted of a central HVAC system whi ch provided
heated and cooled air to 78 zones. Each zone contained variable air

vol unme boxes to control the heating/cooling for that zone. The central
HVAC system was on an econoni zer cycle which had a m ni num setting for
outside air of 20% Since enpl oyees began experienci ng synptoms
(Decenber, 1991), the building HVAC system was set to operate with 100%
outside air. Estimates of outside air volunes were made by an
engineering firm during normal operation, and were calculated to be at
85% or about 36 cubic feet per minute (cfn) of outside air per occupant.

Car bon di oxide (CO,) levels ranged from 325 up to 880 ppm throughout the
bui | di ng during August 25 and 26. CQutside |levels stayed fairly constant
at 300 ppmof CO,. No CO, | evels were neasured above 1000 ppm anywhere
in the building. Relative hunmidity levels were fairly constant for both
days, ranging between 33 and 45% RH. Tenperature |evels ranged from 70°
to 77.2° throughout the two days. The outside air danpers were fully
open during these neasurenent periods. Mst of these values fall within
the ASHRAE thernal confort guidelines.
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Based on the buil ding inspection and the environmental nonitoring
results, the investigator was unable to identify any airborne

cont am nants which would constitute a health hazard. M nor
deficiencies in the ventilation systemwere noted. Recomendations
are made in Section VIIlI to help alleviate the enpl oyee conpl aints.

KEYWORDS: SIC 9511 (Air and Water Resource and Solid Waste Managenent),
i ndoor air quality, indoor air pollution, 1AQ IEQ
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| NTRODUCTI ON

On April 22, 1992, the National Institute for Cccupational Safety and
Health (NIOSH) received a request fromthe Safety O ficer of the Al aska
Depart nent of Environmental Conservation in Juneau, Al aska to conduct a
heal th hazard eval uati on (HHE) at the new Departnment of Environnenta
Conservation (DEC) office building in Juneau. The requestor was seeking
assistance with indoor air quality concerns in the building.

On August 25-26, 1992, an evaluation of the 3-story office building was
conducted. During the visit the investigator talked with state

adnmi ni strative personnel, affected enpl oyees, and supervisors of

af fected enpl oyees. Conpl aint questionnaires had been distributed to
all enployees in the building and the results had been tabulated prior
to the site visit. Responses were received from 65% of the building
occupants. The nmmjor conplaints were centered on confort-rel ated

i ssues; the building was too hot, too stuffy (lack of air circulation),
and there were noticeable odors in the air. The mjor health probl ens
reported were headache, stuffy or runny nose, burning or itchy eyes, and
a host of miscellaneous synptoms. A thorough visual inspection of the
heating, ventilating, and air-conditioning (HVAC) unit serving the
bui | di ng was conducted. Al so, carbon dioxide (CO,), tenperature,
relative humdity, and air sanples for volatile organi c conpounds (VOCs)
were collected to evaluate the efficiency of the HVAC system and t he
overall indoor air quality.

BACKGROUND

The State of Alaska DEC building is a three-story wood frane buil di ng
with approxi mately 50,000 square feet of office space and 200 occupants.
The Departnment noved from several different |ocations into the building
i n Novermber of 1991. Shortly after noving in, enployees began
conpl ai ni ng of poor air quality and physical disconfort.

The building ventilation consists of a central HVAC system whi ch

provi des heated and cooled air to 78 zones. FEach zone contains variable
air volume boxes to control the heating/cooling for that zone. The
central HVAC systemis on an econonizer cycle which has a mni mum
setting for outside air of 20% Since enpl oyees began experienci ng
synptonms, the building has been set for 100% outside air. Before
occupancy, the HVAC system was operated for 90 days. Estimates of
outside air volumes were made by the engineering firmwho is in charge
of maintaining the building H/AC systens. This was done in Cctober

1991 before occupancy and then again in Decenber, 1991 after the tenants
had noved in and were experiencing problens. On both occasions, they
calcul ated the outside air to be at 85% or about 36 cubic feet per
mnute (cfn) of outside air per occupant, far in excess of the ASHRAE
gui del i nes of 20 cfm per person

The ventilation systemis shut down overnight. Wen the buil ding was
first occupied, the ventilation systemwas on from8:00 amto 4:30 pm
After occupants began having probl ens, the system was changed to start
at 6:30 am and operate until 5:30 pm Most occupants work 8:00 amto
4:30 pm but many arrive between 7:00 am and 8: 00 am and rmay work
occasionally on the weekend. The building has a no snoking policy in
ef fect.

Once enpl oyees began experi enci ng probl ens, a nunber of corrective
nmeasures were tried, including: increasing the anount of outside air to
100% operating the ventilation systens |onger, changing the system

desi gn tenperatures, having inspections conducted by the building system
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engi neering firmand the Al aska Departnent of Labor (OSHA), conducting
air sanpling, keeping enployee |ogs of synptons, and conducting enpl oyee
surveys. None of these actions resolved the probl ens.

MATERI ALS AND METHODS

The NI OSH eval uation consisted of: (1) an assessnment of questionnaire
results from buil ding enpl oyees, (2) an exam nation of the building s
HVAC system (3) an exam nation of the building for identifiable
contam nant sources, (4) interviews with representatives fromthe
bui I di ng managenment and buil di ng enpl oyees; and (5) an environnental
survey designed to assess key paraneters related to the building's air
quality. The specific measurenments and types of sanples collected in
the environnental survey are detail ed bel ow

I nst ant aneous neasurenments of carbon dioxide (CO,) concentrations were
made at several different tines and | ocations throughout the building
and outdoors. These nmeasurenents were nmade using a Metrosoni c Mbdel AQ
501 Indoor Air Quality Meter which included a portable direct-reading
infrared anal yzer capabl e of measuring CO, concentrations up to 5000
parts per million (ppm). The instrunment was calibrated before use and
checked agai nst outdoor |evels at various intervals throughout the

wor kday. The sanme instrunment was used to neasure tenperature and
relative hum dity. The instrunment could be used for iInstantaneous
determ nation of levels of CO, tenperature, and relative humidity or
to store the data for long periods on an internal data | ogger

Concentrations of carbon nonoxide (CO were neasured using a Draeger

Model 190 Datal ogger. This is a direct-reading el ectrochem ca
i nstrunent which is specific for CO

EVALUATI ON CRITERI A

A nunmber of published studies have reported a high preval ence of
synpt oms anmong occupants of office buildings. > N OSH investigators
have conpl eted over 700 investigations of the indoor environnent in a
wi de variety of settings. The najority of these investigations have
been conducted since 1979.

The synmptons and health conplaints reported by buil ding occupants have
been diverse and usually not suggestive of any particul ar medi cal

di agnosis or readily associated with a causative agent. A typica
spectrum of synptons has included headaches, unusual fatigue, varying
degrees of itching or burning eyes, irritations of the skin, nasa
congestion, dry or irritated throats and other respiratory irritations.
Typi cal |y, the workpl ace environment has been inplicated because workers
report that their synptons | essen or resolve when they | eave the
bui | di ng.

Scientists investigating indoor environnental problens believe that
there are nmultiple factors contributing to building-rel ated occupant
conplaints.®’ Among these factors are inprecisely defined
characteristics of HVAC systens, cumul ative effects of exposure to | ow
concentrations of multiple chemical pollutants, odors, elevated
concentrations of particulate natter, m crobiological contanination, and
physi cal factors such as thermal confort, l|ighting, and noise. ¥'®
Reports are not conclusive as to whether increases of outdoor air above
currently recomrended amounts (>15 cubic feet per minute per person) are



PAGE 5 - Health Hazard Eval uati on Report No. 92-228

beneficial . *?®

i ncrease the rates of conplaints and synptons in sone studies.
Desi gn, nmi ntenance, and operation of HVAC systems are critical to their
proper functioning and provision of healthy and thernally confortable

i ndoor environnents. Indoor environnmental pollutants can arise from

ei ther outdoor sources or indoor sources.

However, rates | ower than these anobunts appearlgg

There are al so reports describing results which show t hat occupant
perceptions of the indoor environnent are nore closely related to the
occurrence of synptons than the nmeasurenent of any indoor contam nant or
condition.'? Sone studies have shown rel ati onshi ps between
psychol ogi cal , social, and organi zational factors in the workplace and

t he occurrence of synptoms and confort conplaints. 2424

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

hypersensitivity pneunonitis, Legionnaires' disease, Pontiac fever
carbon nonoxi de poi soning, and reaction to boiler corrosion inhibitors.
The first three conditions can be caused by various m croorganisns or
other organic material. Legionnaires' disease and Pontiac fever are
caused by Leqgionella bacteria. Sources of carbon nonoxide include
vehi cl e exhaust and inadequately ventil ated kerosene heaters or other
fuel -burni ng appliances. Exposure to boiler additives can occur if
boiler steamis used for humdification or is released by accident.

Probl ens NI OSH i nvestigators have found in the non-industrial indoor

envi ronnment have included poor air quality due to ventilation system
defici encies, overcrowding, volatile organic chemcals fromoffice

furni shings, nachines, structural conponents of the building and
contents, tobacco snoke, m crobiological contam nation, and outside air
pol lutants; confort problens due to inproper tenmperature and rel ative
hum dity conditions, poor l|ighting, and unacceptabl e noi se | evels;
adverse ergononmi c conditions; and job-rel ated psychosocial stressors.

In nost cases, however, no cause of the reported health effects could be
det er m ned.

St andards specifically for the non-industrial indoor environnent do not
exist. N OSH, the Cccupational Safety and Health Adm nistration (OSHA)
and the Anmerican Conference of Governnental |ndustrial Hygienists

(ACA H) have published regulatory standards or reconmended limts for
occupat i onal exposures. ** Wth few exceptions, pollutant
concentrations observed in the office work environment fall well bel ow
t hese published occupational standards or recommended exposure linits.
The Anerican Society of Heating, Refrigerating, and Air-Conditioning
Engi neers (ASHRAE) has published recomended buil ding ventilation design
criteria and thermal confort guidelines.?®% The ACAH has al so

devel oped a nanual of guidelines for approaching investigations of

bui l ding-rel ated conplaints that m ght be caused by airborne |iving
organi sns or their effluents.*®

Measur emrent of indoor environnental contami nants has rarely proved to be

hel pful, in the general case, in determning the cause of synptons and
conpl ai nts except where there are strong or unusual sources, or a proved
rel ationship between a contam nant and a building-related ill ness.

However, neasuring ventilation and confort indicators such as carbon
di oxi de (CQ,), and tenperature and relative humdity, is useful in the
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early stages of an investigation in providing information relative to
t he proper functioning and control of HVAC systens. The basis for the
nmeasurenments made in this investigation are presented bel ow

Carbon Di oxi de (CO,)

CQ, is a normal constituent of exhaled breath and, if nonitored, can be
used as a screening technique to eval uate whet her adequate quantities of
fresh air are being introduced into an occupi ed space. The ASHRAE
Standard 62-1989, Ventilation for Acceptable Indoor Air Quality,
reconmends outdoor air supply rates of 20 cubic feet per m nute per
person (cfm person) for office spaces and conference roons, 15

cfm person for reception areas, and 60 CFM person for snoking | ounges,
and provi des estimated nmaxi mum occupancy figures for each area. %

I ndoor CO, concentrations are nornally higher than the generally

const ant anbi ent CO, concentration (range 300-350 ppm. Wen indoor CO,
concentrations exceed 1000 ppmin areas where the only known source is
exhal ed breath, inadequate ventilation is suspected. Elevated CO,
concentrations suggest that other indoor contam nants nay al so be

i ncreased.

Tenperature and Relative Hum dity

The perception of confort is related to one's netabolic heat production
the transfer of heat to the environment, physiological adjustnments, and
body tenperatures. Heat transfer fromthe body to the environnent is

i nfl uenced by factors such as tenperature, humdity, air novenent,
personal activities, and clothing. ANSI/ASHRAE Standard 55-1981
specifies conditions in which 80% or nore of the occupants woul d be
expected to find the environment thernally confortable. *

Car bon Monoxi de

Car bon nonoxi de can occur as a waste product of the inconplete
conbusti on of carbonaceous fuels. Sources of carbon nonoxide in indoor
envi ronnents include tobacco snoke, mal functioning or inproperly vented
heating systens, and the introduction of contaninated air from outside
sources such as | oadi ng docks. Carbon nonoxi de exposure in sufficient
concentrations can result in headache di zzi ness, drowsiness, nausea,
voni ting, collapse, coma, and death. ®

Envi ronnent al Tobacco Snoke (ETS)

Envi ronment al tobacco snoke is a well-recogni zed health hazard,
associated with effects ranging fromeye irritation to |ung cancer
NI OSH has recently published a Current Intelligence Bulletin (Cl B #54)
on Environnental Tobacco Snoke in the Wrkplace, Lung Cancer and O her
Health Effects®. This docunent summarizes the literature on ETS and
concludes that ETS neets the OSHA criteria as a potential occupationa
carci nogen and, therefore, exposures to ETS should be reduced to the

| owest feasible concentration. The docunent further recomrends that
"Enpl oyers should m ninze occupational exposure to ETS by using al
avai | abl e preventati ve nmeasures."

32-37
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The Federal Cccupational Safety and Health Adm nistration (OSHA)
currently has no specific regulation regardi ng exposure to environnental
t obacco snoke.

RESULTS AND DI SCUSSI ON

HVAC System | nspecti on

The central HVAC system was new and in good working order. There was
standing water in the drip pans under the condensation coils which was

i ndi cative of poor drainage. Many of the workers that were conpl aini ng
of tenperature problems did not know the | ocation of the thernostat that
controlled the tenperature in their zone. Several of these controls
were | ocated during the survey using nechani cal draw ngs, and were

poi nted out to the enpl oyees. Sone of the thernpstats were located in
adj acent spaces whi ch were unoccupi ed.

The ventilation system consisted of a central HVAC system which provi ded
heated and cooled air to 78 zones. Each zone contained variable air

vol une boxes to control the heating/cooling for that zone. The central
HVAC system was on an econoni zer cycle which had a mininumsetting for
outside air of 20% \When enpl oyees began experiencing probl ens, the
HVAC system was set to operate with 100% outside air. Before occupancy,
the HVAC system was operated for 90 days while the building was enpty.
Esti mates of outside air volumes were made by the engineering firmwho
is in charge of maintaining the building H/AC system This was done in
Cct ober, 1991 before occupancy and then again in Decermber, 1991 after
the tenants had noved in and were experiencing problens. On both
occasions, the firmcalculated the outside air to be at 85% or about 36
cfmof outside air per occupant.

The ventilation systemis shut down overnight. Wen the building was
first occupied, the ventilation systemwas on from8:00 amto 4:30 pm
After occupants began having probl ens, the system was changed to start
at 6:30 am and operate until 5:30 pm Mst occupants work 8:00 amto
4:30 pm but many arrive between 7:00 am and 8: 00 am and may work
occasionally on the weekend. Therefore, there are tines when workers
are in the building and no ventilation is on. According to one of the
bui I di ng owners, ventilation in any zone can be turned on at any time by
pressing a button on the zone tenperature control, thus alleviating this
problem No one in the building that NIOSH i ntervi ewed, including
managenent representatives, were aware of that building feature

Environmental Survey Results

Spot neasurenents of carbon di oxide (CO,), tenperature, and humdity
neasur ed t hroughout the buil ding on August 25 and 26, 1992 are
summarized in Table 1. Longer term neasurenents were coll ected on each
floor and stored electronically in data | oggers. These data are shown
graphically and in a summary report in Figures 1-3. Carbon dioxide
(CQ) levels ranged from 325 up to 880 ppm t hroughout the buil ding
during August 25 (Table 1 and Figure 1) and about the same on August 26
325 up to 807 ppm (Table 1, Figures 2 and 3). CQutside |evels stayed
fairly constant at 300 ppmof CO,. No CO, | evels were neasured above
1000 ppm anywhere in the building. Relative humdity levels were fairly
constant for both days, rangi ng between 33 and 45% RH. Tenperature and
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hum dity | ogs had been recorded in a first floor instrunent room since

t hese workers had noved into the building (their instruments required a
m ni nrum of 30% RH to operate properly). During the w nter nonths,
humidities as |ow as 10% were recorded. Tenperature |evels ranged from
70° to 77.2° throughout the two days. The outside air danpers werefully
open during these nmeasurenent periods. Mst of these values fall within
the thermal confort guidelines of 69° to 76°F tenperature range and the
30 to 60 percent relative hum dity range recomended by ASHRAE. *°

The environnmental air sanples identified several organic conpounds (see
attached anal ytical report; Attachnent 1) but none in any substanti al
quantity. The estinated concentration ranges for the various chenicals
is 15-30 micrograns per cubic nmeter. These levels are at least a factor
of 1000 | ess than the recommended occupational exposure linmits for these
chemi cal s.

Car bon nonoxi de (CO |evels were measured throughout the building and
were found to be less than 1 ppm The CO instrument was worn by the

i nvestigator during the entire investigation which took himto all areas
of the building over a two-day period.

Results of Questionnaires

Prior to the site visit, questionnaires were circulated by the requestor
and had been summarized by the investigator. The results of these
questionnaires are sumuarized in Table 2. There was a response rate of
65% (129 of 200 occupants) to the questionnaire. The major conplaints
were centered on confort-related i ssues; the building was too hot, too
stuffy (lack of air circulation), and there were noticeable odors in the
air. The major health problens reported were headache (19%, stuffy or
runny nose (16%, burning or itchy eyes (13%, and a host of

m scel | aneous synptons (18%. COccupants on the first and third floors
uni formy conpl ai ned that the building was too hot on hot days and too
cool on cool days. The predoni nant conplaint on the second floor was
that the air in the building was too dry.

CONCLUSI ONS

In general, neasurenents of ventilation system paraneters (i.e., CO,,
tenperature, and relative humdity) did not reveal any particul ar
problens with the systemon the days exam ned. Conditions were such
that the outside air danpers were fully open. The CO, and humidity
levels were all within recommended Iimts. However, hunmidity levels as
| ow as 10% had been recorded by buil di ng occupants during the cold

weat her nonths. The tenperature, in general, was within the ASHRAE
gui del i nes al though it was cool in the norning and was hot by afternoon
It is possible that tenperature variation could be greater on hotter and
col der days. No organic chem cals were found in |evels high enough to
be of concern. |In fact, the levels were lower than is normally found
for many of the common organic chemcals identified in indoor air
quality investigations around the country. The only real deficiencies
noted were the standing water in the condensation drip pans and the fact
that the ventilation systemm ght be off while workers are inside the
bui | di ng.
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The maj or worker conplaints centered around confort rel ated issues,

i.e., the tenmperature was too hot or too cold. Thirty-three percent of
those workers responding to the synptom questionnaire reported that
conditions had inproved recently. The specific synptom conplaints were
around 20% which is about what is estinmated to be the background |evels
for conplaints in buildings around the world. *

RECOMVENDATI ONS

1) Drai nage shoul d be provided for the condensation collected in the
drip pans under the cooling coils in the HVAC system

2) The workers in the building should be educated about how the
ventilation systemworks. This should include the |ocation of the
thernostat that controls the ventilation zone in which they work
and how to turn the systemon during off hours.

3) Continue running the ventilation system|onger after occupants
| eave and start it up earlier in the norning to insure that the
building is purged prior to occupancy.

4) The maxi mum person | oadi ng shoul d be checked on the first fl oor
ASHRAE recomends a maxi num | oadi ng of 7 people per 1000 square
feet for general office areas.?®

5) I nsure that VAV boxes have nini num stops which allow the ASHRAE
outside air criteria to be net.
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TABLE 1

I ndoor Air Quality Measurenents Summary
ALASKA DEPARTMENT OF ENVI RONMENTAL CONSERVATI ON

Area

Augqust 25, 1992

Cut si de

Safety Ofice

Per sonne

AdM n Servi ces

Conput er Service

Commi ssioner's Ofice
Cut si de Conmmi ssioner's Ofice
Environmental Quality
Water Quality

Solid & Hazardous Waste
Wedge- shaped of fice area
Solid & Hazardous Waste
FC&O

Alr Quality
August 26, 1992

Qutside (light rain)
Safety Ofice

Water Quality
Hal | way

Hal | way

Mai | room

North office area
South office area

Juneau, Al aska

HETA 92-228
August 25-26, 1992

Floor Tine Cco? Tenp.
No. (ppm (F)
1 1:50p 300 65
3 2:00p 610 74
3 2: 25p 530 74. 2
3 2:37p 620 73.6
3 2:30p 630 73.6
3 2:32p 570 74
3 2:38p 630 73.5
2 2:41p 560 73.6
2 2: 44p 740 74
2 2:50p 640 74
2 2:54p 700 74.5
2 3: 04p 610 74.8
1 3:08 660 74
1 3:12p 705 73
1 6: 10a 300 55
3 6: 20a 425 70.0
2 6: 50a 325 72.3
2 6: 55a 325 72.7
1 7: 00a 665 72.1
1 7: 04a 505 72
1 7: 08a 590 71.3
3 7: 14a 330 71.8

45

37.
35.
36.
36.
36.
36.

36

35.
36.
35.
34.
36.
37.

OCPrOORLPW GHAUONNO

ODORFRLNDNN

car bon di oxi de
relative humdity
part per mllion

CG,
RH

ppm



TABLE 2
I ndoor Air Quality Questionnaire Sunmary
ALASKA DEPARTMENT OF ENVI RONMENTAL CONSERVATI ON
Juneau, Al aska
HETA 92-228
August 25, 1992

COVPLAI NTS Fl oor No.
1st 2nd 3rd Al
(% (% (% N %
Nunber of Respondents (200 total) 129 65
Yes, | have a conpl ai nt 96 100 100 89 69
Tenperature too cold 18 16 42 25 19
Tenperature too hot 9 80 53 44 34
Lack of air circulation 50 92 78 67 52
Not i ceabl e odors 32 32 19 24 19
Dust in the air 4 0 8 4 3
Di st urbi ng noi ses 46 16 8 19 15
Q her - 4 8 28 13 10

HEALTH PROBLEMS OR SYMPTOVS

Watery, burning, itchy eyes 18 16 22 17 13
Stuffy, runny nose 36 16 19 21 16
Sneezi ng 4 8 11 7 5
Headache 27 16 28 25 19
Coughi ng 0 0 3 1 1
Sore throat 4 4 14 7 6
Q her-sl eepy, irritable 12 24 31 23 18
dry skin, bloody nose
OCCURRENCE
Al'l day/daily 55 40 33 37 29
No trend 4 24 36 21 16
Mor ni ng 8 4 6 5 4
Af t er noon 8 32 14 16 13
OTHER FACTORS
Smoker s 0 0 0 0 0
Al | ergi es 8 16 8 9 7
Contact wearers 41 20 36 28 22
VDT users 68 72 81 68 53

COVMENTS

Response rate was 129/200 or 65% Only 99 questionnaires, the positive
responses, were received.

Predom nant conplaints were that it was stuffy, too dry, too hot, not enough
wi ndows, over-crowded, and odors.



