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PREFACF

Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer and authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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work environment. A systematic study was undertaken to assess the nature and spatial distribution of
employee health and comfort concerns and to attempt to identify associations between employee
responses and workplace conditions. This evaluation of the Madison Building has been performed by a
team of researchers from the National Institute for Occupational Safety and Health {NIOSH), the
Environmental Protection Agency (EPA), the John B. Pierce Laboratory, Inc. at Yale University, the
National Institute of Science and Technology (NIST), and Westat, Inc., a health consulting firm.
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The primary objectives of the étudy were:

1. To survey the nature, magnitude, and spatial distribution of acute health symptoms and
comfort concerns;

2. To characterize selected physical, chemical and b|ologlcal aspects of the building in
selected locations during the survey period; and

3. To generate hypotheses from any associations observed between acute health and
comfort effects and environmental factors while taking into account factors that would
confound or modify such associations.

To address these three objectives, the following study design was implemented. Phase |
consisted of the administration of a questionnaire to the entire federal workforce of the LOC Madison
Building. This questionnaire, administered in February of 1989, sought information about health
symptoms and comfort concerns experienced during the previous year and the previous week, data on
background health and demographic characteristics, and other potential risk factors for the development
of health problems. Findings from the employee survey were then used to rank all the rooms in the
building using a health symptom index and a comfort index, and then to select approximately 100
locations within the building for environmental monitoring and physical measurements. Phase 1l of the
study consisted of environmental monitoring conducted three weeks after the employee survey. At the

same time, a supplemental questionnaire was administered to all employees whose workstations were
near the environmental monitoring station.

The results of this study are provided in three volumes. Volume | addresses the first objective
listed above, by documenting the study design and the resuits of the survey conducted in February 1990
of all Madison Building employees. Volume Il, which addresses the second objective, summarizes the
environmental measurements taken in the building. Volume lll addresses the third objective and
presents the results of a statistical investigation of the interrelationships among employees’ responses

regarding health and comfort concerns, the environmental monitoring data, and other potential work-
related and non-work-related risk factors.

This report (HETA Number: 88-364-2104) includes Volume I, as well as the Executive Summaries
from Volumes | and Il. The complete versions of Volumes | and Il are available through the National

Technical Information Service. The reference numbers are HETA 88-364-2102 (Volume I) and 88-364~
2103 (Volume liI).
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1. Purpose

In recent years, employees in the Madison Building of the Library of Congress
(LOC) in Washington, D.C. have expressed their concerns about air quality and work
environment discomforts. Because of the difficulties usually encountered in
determining the exact causes of such concerns about the building environment, a
systematic study was undertaken to assess the nature and spatial distribution of
employee health symptom and comfort concerns in an attempt to determine if
associations exist between employee responses and specific workplace conditions.
This evaluation of the Madison Building has been performed by a team of researchers
from the National Institute for Occupational Safety and Health (NIOSH), the
Environmental Protection Agency (EPA), the John B. Pierce Foundation at Yale
University, and the National Institute of Science and Technology (NIST), and Westat,
Inc., a health consuiting firm.

This is the first of three reports that investigate the perceived and actual quality
of indoor air and work environment at the Madison Building of the LOC. This report
documents the design of the study and the results of a survey conducted in February
1989 of all Madison Building employees. This report presents only a descriptive
summary of the survey data. Results of the environmental monitoring will be

presented in Volume il; multivariate analyses of all the study results will be presented
in Volume Iil.

The research effort at the Library of Congress was integrated with a parallel
study of three headquarters buildings at the Environmental Protection Agency (EPA) in
Washington, D.C. Both the LOC and EPA surveys made use of similar study designs
and survey instruments, although separate reports are being prepared for each
agency. While certain details are specific to the particular buildings involved, the

survey design is applicable to a study of any building suspected of environmental
problems.

2. Study Design

Because of the lack of systematic information on employee health that could be
used in this study, and because of the spatial variability of ventilation, thermal factors,
and other conditions that influence health and comfort, it was decided to conduct a
complete survey of all Madison Building employees. A self-administered questionnaire
was distributed in February 1989, asking for information about health symptoms and
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=  Description of workstation; both current and changes over the last year;
=  Amount of time spent at workstation;

=  Symptoms experienced while in building, both in the previous week and last
year;

n  Other health effects and risk factors: contact lenses and eyeglasses wear,
smoking, allergies, asthma, etc.;

=«  Eye, nose, throat, or respiratory irritation from tobac'cq smoke or chemicals
during last year; - '

= Comfort issues: temperature, humidity, air movement, noise, dust, light, odors,
and furniture during last year;

= Job characteristics, including job satisfaction and job stresses;

= Education, job pay plan and grade, and job classification.

To increase participation in the survey, both management and unions were
given the opportunity to review the draft questionnaire and their endorsements were
communicated to all employees prior to the survey. Stringent measures were taken to
ensure the confidentiality of all responses.

Findings from the employee survey were used to rank all rooms in the building
using a health symptom index and a comfort index, and then to select approximately
100 locations within the building for environmental monitoring and physical
measurements. Environmental monitoring was conducted three weeks after the
employee survey. All locations were monitored for temperature, relative humidity,
carbon dioxide, and carbon monoxide, and biclogical contaminants. A subset of
locations was also sampled for nicotine, particles, formaldehyde and other aldehydes,

other volatile organic compounds (VOC'’s), and pesticides In addition, ventilation
parameters were measured.

While the monitoring was in process, a supplemental questionnaire was
administered to all employees near the environmental equipment. This provided a

1-2



3. Results of the Employee Survey

The overall response rate for the survey questionnaire was 90 percent, with
2,145 of 3,176 Madison Building employees completing the survey. More than 1200
employees also took the opportunity to make additional comments in the "essay”
portion provided at the end of the survey.

Key results are reported below, first for health symptoms, then for comfort
issues. It is important to note that the health symptoms and comfort issues reported
in this survey are self-reported by the respondents, and have not been verified by a
physician’s diagnosis as part of this study. No attempt is made in this report to
associate health or comfort cutcomes with possible risk factors in the building. These
analyses will be the focus of Volume Il .

Health Symptoms

Employees were asked to report whether each of 32 health symptoms occurred
during the past year "never,” "rarely,” "sometimes,” "often,” or “"always.” To focus the
findings of this report, a "positive " symptom is defined here as one that was reported
to have occurred "often” or "always" and usually gets better when away from work in
the Madison Building. This allows the focus to be on symptoms that are recurring
rather than unusual and that appear to be connected in some way to the building.

The proportion of Madison Building employees reporting positive work-related
symptoms, as defined above, is presented in Exhibit I-1. The most commonly
reported work-related symptoms among Madison Building employees were:

contact lens problems (31% of contact lens wearers)
sleepiness or drowsiness (24%)

sore eyes (23%)

fatigue (21%)

dry eyes (21%)

stuffy nose (21%)

headache (16%)

burning eyes (13%)

sneezing (13%)

tension or nervousness {12%)

It is noted that most of these symptoms, most notably headache, fatigue, and
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symptoms associated with mucous membrane irritation, have often been reported in
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Exhibit 1-2, which groups the symptoms into three categories and presents the results
by floor:

1. Indoor Air Quality Symptoms, typically associated with acute discomfort, such
as headache, runny nose, stuffy nose/sinus congestion, dry, itching, or tearing
eyes, burning eyes, dry throat, fatigue, sleepiness;

2. Respiratory or Flu-like Symptoms, which may be manifested in clinically defined
ilnesses that may require prolonged recovery times after leaving the building.
Such symptoms include cough, wheezing, shortness of breath, chest tightness,
fever, and aching muscles or joints; and

3. Ergonomic Symptoms, which include back pain or stiffness, and pain or
numbness in the shoulder, neck, hands, or wrists.

The predominant type of symptoms which occurred among employees in the
Madison Building are those that may be associated with poor indoor air quality. As
this exhibit shows, and as is borne out by other findings, the highest proportions of
employees reporting positive indoor air-related symptoms are those on the 4th floor.
Respiratory and flu-like symptoims occurred among relatively few persons and did not
vary across floors. Although the 4th and 5th floors report the highest symptom rates
for these symptoms, the differences are small. Simiiarly, the differences across floors
for ergonomic symptoms of the upper body were relatively small.

For each of these symptom groups, the floor-specific prevalence of each
symptom was compared with the overall building prevalence and the differences were
averaged. For example, if a fioor reported a positive two percent variation for
headaches, that would mean that respondents on that floor experienced a rate of
headaches 2 percent greater than the building as a whole, namely 16 percent plus 2
percent, equaling 18 percent. Negative percents indicate a lower than building
average percent of persons reporting work-related symptom (occurring "often” or
*always"), while positive percentages indicate a higher than average level. (Note that
the rows do not sum to zero because of different numbers of respondents on each
floor.)

Defining a "positive” symptom as one that is reported to have occurred often or
always may represent a conservative estimate of symptoms experienced by
respondents. Employees may experience symptoms only "sometimes" that are
nevertheless related to the building. (For example, persons may be sensitive to paint

1-4
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employees reportung syrnptoms "sometimes,” "often,” or "always" last year that usually
got better when away from work. In addition, it is recognized that certain symptoms
that may be building-related do not improve upon leaving work (e.g., muscle pains,

delayed hypersensitivity reactions). The main body of the report includes exhibits that
eliminate the "got better upon leaving work" criterion.

Almost half (44%) of the respondents in the building reported that the symptom
or symptoms reduced their ability to work at least some of the time. Approximately
one third (35%) of workers reported that in the past year their symptoms had caused
them to stay home from work or leave work early sometimes or often.

Seventy percent of workers associated one or more of their symptoms with
their work in the Madison Building, ranging from 78% on the 4th floor to 64% on both
the 1st and ground floors. Of those employees reporting that they "often® or "always”
experienced symptoms, the percentage who reported that their symptoms improved
when they left the building generally ranged between 60 and 85 percent. Most
respondents (67%) stated that in the past year their symptoms had stayed the same.

Almost half (419) of Madison Building employees reported more frequent
infections since beginning work in the building, with the highest proportion on the 4th
floor (49%). More than one third (37%) of building respondents reported that their
infections tend to last longer, again with the highest proportion being among
employees on the 4th floor (44%).

Of nine possible sources of eye, nose, throat, or respiratory irritation mentioned,
those reported most often were tobacco, paint, cleaning fumes (from carpets, drapes,
etc.), miscellaneous chemicals, and glues and adhesives. One-third (33%) of
respondents throughout the Madison Building reported that they consider themselves
especially sensitive to the irritants mentioned.

Comfort Issues

Approximately two thirds (65%) of respondents reported that they were
generally satisfied with their physical workstations (chair comfort, lighting), although
this may be because respondents have some ability to adjust these factors. For
example, desk lamps are used regularly by 33% of respondents. Dissatisfaction with
other building-related variables, however, ran high. Overall, 43% of respondents
wanted to adjust air movement, 26% wanted to adjust the humidity, and 39% wanted

-5



to adiust the temperature in their immediate environment. Second floor emblovees

Throughout the Madison Building, respondents reported the air to be often or
always too dry, rather than too humid, with too litle as opposed to too much air
movement. Overall, these reported percentages were 25% as opposed to eight
percent, and 40% as opposed to 12%, respectively. The desire to adjust temperature
was seasonally dependent, with respondents wanting to adjust temperature more
during winter and summer. Almost two-thirds of respondents wanted to adjust the
temperature during the winter months.

Aimost half of the respondents (46%) reported that, during the past year, the
environment at their workstation was often or always too stuffy, and almost one
quarter (23%) of the respondents reported it being too dusty, often or always in the
past year. : - P

This report also outlines the findings of the survey regarding respondents
background characteristics, including demographic characteristics, health factors not
related to the building, job satisfaction and sources of stress, and the physical work
environments in which employees work. These factors will be used in the Volume il
analyses as background variables to help explain patterns of heaith symptoms and
comfort problems. These analyses will provide a more detailed context in which to
understand the differential health and comfort problems experienced by different types
of employees, and employees in different areas of the building. The analyses will thus
help to determine to what extent the health symptoms and comfort concems
described in this report can be attributed to building conditions and to what extent
they can be attributed to other independent factors.
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Exhibit [-1

Percent of Resnondents’ Reportina Svmptoms "Often® or "Alwavs” in the Past Year

Headache
Nausea
Runny nose

Stuffy nose

Sneezing

Cough

Wheezing
Shortness of breath

Chest tightness
Dry, itchy eyes
Sore, strained eyes
Blurry vision

Burning eyes
Sore throat
Hoarseness
Dry throat

Fatigue/tiredness
Sleepiness

Chills 9%
Fever 1%

Aching muscles/joints 7%
Problems with contacts ? 31%
Difficulty remembering 2%
Dizziness/lightheadedness 4%

Feeling depressed 7%
Tension/nervousness 12%
Difficulty concentrating 7%
Dry skin 8%

Pain-upper back 10%
Pain-lower back 9%
Pain-shoulder/neck- 8%
Pain-hand/wrist 3%

Total number of respondents equals 2,750 (exciuding persons for whom “floor" was missing).
These percentages are based upon only the people who wear contact lenses at work “sometimes,
often, or always" (Part !I, Question 1a), as opposed to all respondents in the buiding.
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Exhibit I-2

! Excluding persons for whom "floor” was missing.



Exhibit 1-3

Darcant nf Rasnnnrdeants! Renartina Symntnmes *Someatimes ® "0Oftan * or "Ahwave®

Headache 44%
Nausea 11%
Runny nose 24%
Stuffy nose 36%
Sneezing 31%
Cough 18%
Wheezing 7%

Shortness of breath o 10%
Chest tightness — 9%

Dry, itchy eyes 43%
Sore, strained eyes 47%
Blurry vision 18%
Buming eyes 30%
Sore throat 14%
Hoarseness 10%
Dry throat 26%
Fatigue/tiredness 43%
Sleepiness 52%
Chilis 23%
Fever 4%

Aching muscles/joints 16%
Problems with contacts 2 539
Difficulty remembering 9%

Dizziness/lightheadedness 17%
Feeling depressed 22%
Tension/nervousness 34%
Difficulty concentrating 27%
Dry skin 15%
Pain-upper back 22%
Pain-lower back 22%
Pain-shoulder/neck 20%
Pain-hand /wrist 9%

Total number of respondents equals 2,750 (excluding persons for whom "floor” was missing).
These percentages are based upon only the peoplewhowearcontactlensesatwork "sometimes, often, or
always” (Part ll, Question 1a), as opposed to all respondents in the building.
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Exhibit 1-4
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! Excluding persons for whom “floor” was missing.
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1. Background

In recent years, employees in the James Madison Memorial Building of the
Library of Congress (LOC) in Washington, DC, have reported health symptoms and
discomfort concerns which they have attributed to the building indoor environment. As
a result, a systematic study was undertaken to determine if associations exist between
these symptoms and concemns and workplace conditions. This evaluation of the
Madison Building has been performed by the National Institute for Occupational Safety
and Health (NIOSH), the Environmental Protection Agency {(EPA), the John B. Pierce
Foundation at Yale University, the National Institute of Standards and Technology
(NIST), and Westat, Inc., a health consulting firm.

The research effort at the LOC was integrated with ai'parallei study of three
headquarters buildings at the EPA in Washington, D.C. Both the LOC and EPA
surveys made use of similar study designs and survey instruments. While certain
features of the study are specific to the particular buildings involved, the survey was
designed to be applicable to any building suspected of environmental problems.

The objectives of the study were to survey health symptoms and comfort
concerns of employees; characterize the indoor air environment in selected building
locations; and analyze possible associations between health or comfort symptoms and
conditions in the building environment. The study results are being presented in three
successive reports. Volume |, released in December 1989, summarized the
employees’ health symptoms and comfort concems. This report, Volume |,
summarizes the environmental measurements in the Madison Building. Volume lil, to

be published in the second half of 1990, will analyze any associations between health
or comfort and the building environment.

The Hazard Evaluations and Technical Assistance Branch (HETAB) of NIOSH's
Division of Surveillance, Hazard Evaluations, and Field Studies (DSHEFS) and the
“Atmospheric Research and Exposure Assessment Laboratory (AREAL) of EPA’s Office
of Research and Development (ORD) planned, directed, and carried out most of the
environmental monitoring performed at the LOC. The Environmental Investigations
Branch (EIB) of the Division of Respiratory Disease Studies (DRDS), NIOSH,

conducted the biological sampling and analysis. NIST conducted a study of the LOC
ventilation systems and air quality.

-1
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as thelr jOb charactenstrcs and workstatnon en\nronment This questionnaire was
analyzed to select locations for environmental monitoring. An equal proportion (1:1) of
high-complaint level and low-complaint level locations was selected. Information
regarding which category the monitoring site was in was not revealed to any LOC
employee or member of the monitoring team, in order to avoid possible bias. A
supplementary questionnaire was administered to the employees in the vicinity of the
sampling site on the day of monitoring that included the same questions on health,
comfort and odors.

The basic concept of the monitoring study was to measure a series of comfort
and environmental variables in selected locations for a single day. About 20 locations
were sampled in a day, allowing the total monitoring effort to be oompleted in one
week (February 27 through March 3, 1889).

Available resources allowed for a complete set of environmental samples to be
collected in 51 locations inside the Madison Building and one outdoor location. These
"primary sites" were supplemented by an additional set of 40 "secondary sites™ and ten
"special sites”, where a less complete set of environmental samples were collected.

Environmental parameters monitored at all sites included the "comfort
variables" (temperature and relative humidity), an indicator for the amount of fresh air
in a space (carbon dioxide [CO,]), and a measure of dust levels (respirable
suspended particulates [RSP]). Each was instantanecusly monitored during four
separate site visits (morning, fate-moming, early afternocon, and late-afternoon) on the
day monitoring was conducted. Additional variables measured at the 51 primary sites
included indicators of potential chemical contamination (formaldehyde and 27 other
volatile organic compounds, or VOCs), an indicator of smoking activity (nicotine), and
an integrated (time-weighted average) measurement of RSP. The formaldehyde,
VOCs, and RSP measurements were integrated over a 9-h period; the nicotine
measurement was integrated over the entire five-day workweek. Microbiological
aerosols (bacteria and fungi) were also sampled at the primary sites and some of the
secondary sites. At a few sites (about three per day), integrated air samples were
collected and analyzed for 15 aldehydes and 33 pesticides. One fixed indoor site and
one fixed outdoor site were established and evaluated over all five days, to obtain an
idea of the daily variability of the environmental parameters.

Whole-building air exchange rates were measured using the tracer gas decay

technique (sulfur hexafluoride). Qualitative measurements of local air exchange
effectiveness were performed at 56 locations. Other qualitative evaluations of
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were collected for the VOCs. All monitoring instruments were calibrated periodically
according to the study protocol.

3. Resulls

Table lI-1 summarizes the total number of sites sampled at the LOC for each
environmental parameter. Results are presented as overall mean values for the
building for the week (Tables i1-2 and 1I-3).

Comfort Parameters

The mean temperature for the building was 73.1 °F (Table 11-2). There was a
general trend for the temperature to increase from morning to afternoon throughout
the building, on all days. A majority {>75%) of the measured temperatures were
between 70 and 75 °F. The minimum measured indoor temperature was 61.5 °F
(recorded in the morning on the subground level), and the maximum was 77.5 °F.

The mean relative humidity was 49.2%. More than 80% of the individual
measurements fell between 40 and 60%. Variability between time periods, days, and

sample sites was not great. The maximum indoor value was 72% and the minimum
was 34%.

Ventilation Parameters

Mean carbon dioxide concentrations increased at all sampling locations
throughout the morning, with the maximum mean values observed near midday, and
decreased somewhat toward the end of the day. The mean CO, concentration overall
was 491 parts per million (ppm). The range of values was 300-675 ppm (Table A.32).
All values were below the guideline value of 1000 ppm.

Whole-building air exchange rates were relatively constant, with day- and night-
time averages being 0.85 and 0.79 air changes per hour (ACH) respectively. The
minimum ventilation recommendation by ASHRAE (20 CFM/person) corresponds to
an air exchange rate of roughly 0.72 ACH. Local measurements indicated good
distribution of the outdoor air at measurement locations. Alt outdoor air dampers
inspected were believed to be in the maximum open position. Some minor problems
were noted with operation of individual air handler fitter systems and control gages, as
well as with individual variable air volume distribution systems and room thermostats.

i1-3
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real-time device employs opt:cal scattenng, which depends on the aerodynamuc
diameter of the particles, whereas the integrating monitor measures the mass of the
particles. An instantaneous value of 50 yg/m?® was observed on one occasion. The
highest 9-h integrated average was 37.3 yg/m>.

Nicotine

Nicotine was measured in the smoking area of the ground floor snack bar
(18.5 yg/m ), as well as in several lounges (range 0.6-11.7 zg/m?). Nicotine was also
measured in 4 of the 51 primary sampling locations (range 0 4-0.7 pg/md).

Formaldehyde and other aldehydes

The mean formaldehyde concentration in this building (Table §i-3), 9.2 pg/m3
(<0.01 ppm), was very low. The mean acetaldehyde concentration, 16.1 #g/m®
(<0.01 ppm), was similarly low, and the mean acetone concentration was 32.5 yg/m®
(0.01 ppm). Other aldehyde concentrations ranged from 0.1 to 2.1 ug/m?.

Volatile Organic Compounds

Tetrachloroethylene (31 yg/m?®, 5 parts per billion [ppb]), 1,1, 1-trichioroethane
(23 pyg/m?3, 4 ppb), toluene (15.9 ug/m°, 4 ppb), and the xylene isomers (o-xylene, 3.2
#g/m® [<1 ppb], and p-xylene, 7.2 ug/m* [2 ppb]) were the predominant VOC
species measured (Table 11-3). The highest values were measured on the ground
floor. Most of the targeted chlorinated compounds were found in all of the indoor
samples. The mean indoor benzene concentration (6.8 pg/m>, 2 ppb) was minimally
greater than the measured outdoor concentration (6.0 #g/m®). With the exception of
benzene, indoor sources appear to be the principal contributors the VOCs.

Total VOCs, measured using gas chromatography and flame ionization
detection (GC-FID), averaged 1.1 ppm carbon (Table D.16). The mean of the sum of
the 27 VOCs, measured using GC and mass spectrometry (GC-MS) was 95.8 pyg/m°.
Outdoor concentrations for the 27 VOCs added up to 16.7 pg/m°.

There was no 4-PC (4-phenylcyclohexene)} measured above the analytical limit
of quantitation.

Ii-4
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Carbon Monoxide

Whole-building average CO concentrations, measured by NIST in the building
air return system, averaged between one and two ppm.

Biological Aerosols

Overall mean counts of airborme fungi inside the Madison Building, 35 colony
forming units per cubic meter (CFU/m?), were lower than mean counts in the outdoor
samples, 102 CFU/m®. The most commonly seen organisms indoors were Penicillium,
Aspergillus, Sporobolomyces, and Cladosporium. Only indoer Penicillium
concentrations exceeded ambient concentrations. Fungal spore oounts were low and
consisted of common airborme spores.

Generally, human source bacterial counts (HSB) were low (44 CFU/m’®
indoors, 80 CFU/m?* outdoors) with Staphylocogggs sp. being seen most frequently

both indoors and outdoors. Micropolyspora sp. and Proteus sp. counts were higher
at some locations indoors than outdoors.

Thermophylic actinomycetes colonies (Micropolyspora sp.) averaged 7
CFU/m?® outdoors and 13 CFU/m? indoors.

Concentrations of microorganisms found in water-spray humidification system
water samples were orders of magnitude greater than those found in the steam

humidification system water samples. No thermophylic organisms were identified in
any of the water samples.

-5
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Temperatur
Mean
Standard Error

Minimum
Median
Maximum

and Respirable Particles

Relative Humidi
Mean
Standard Error

Minimum
Median
Maximum

CO, (ppm)
Mean

Standard Error
Minimum
Median
Maximum

RSP: Real-tim
Mean
Standard Error

Minimum
Median
Maximum

Minimum
Median
Maximum
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Aldehydes (total)

321 NM '

Formaldehyde 9.2 NM
Acetaldehyde 16.1 NM
Acetone 325 NM
VOCs (total of 27 targets) 95.8 16.7
Toluene 15.9 8.0
p-Xylene 7.2 3.2
o-Xylene 3.2 1.2
Benzene 6.8 6.0
Methylene chioride 4.4 1.3
Tetrachloroethylene 31.0 3.9
1,1,1-Trichloroethane 23.0 1.7
Trichloroethylene 1.0 ND ?

' Not measured
2 Not detected

-8
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Table 2-1

Table 2-2

Table 2-3

Table 24

Table 3-1

Table 3-2

Table 3-3

Table 3-4

Table 3-5

Table 3-6

Table 3-7

Table 3-7a

Table 3-8

Table 3-9

Table 3-10

Variables Used in Data Analysis
|. Dependent (Outcome) Variables

Variables Used in Data Analysis
Il. Independent (Predictor) Variables (A. Environmental Parameters)

Variables Used in Data Analysis
II. Independent (Predictor) Variables (B. Workstation Variables)

Variables Used in Data Analysis
Il. Independent (Predictor) Variables (C. Personal/Medical Variables)

Number of Eligibie and Actual Participants in Foliow-Up Survey
(February 27-March 3, 1989), by Workstation Location

Distribution of Dependent Variables
by Gender and Workstation Location (A. Health Symptoms)

Distribution of Dependent Variables
by Gender and Workstation Location (B. Comfort Concerns)

Distribution of Dependent Variables
by Gender and Workstation Location (C. Odors)

Distribution of Dependent Variables
by Gender and Workstation Location (D. Assessment of Environment)

Distribution of Dependent Variables
by Gender (E. Mood State Scores)

Distribution of Independent Variables
by Gender and Workstation Location (A. Envircnmental Variables)

Distributions of Environmental Variables
(Non-Logarithmically Transformed)

Distribution of Independent Variables
by Gender and Workstation Location (B. Workstation Variables)

Distribution of Independent Variables
by Gender and Workstation Location (C. Personal/Medical Variables)

Summary of Regression Results
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an increasingly important issue. Workers in numerous modern, apparently well-
designed office buildings have voiced concern about health problems that appear to
be related to working in the buildings, whether from unacceptable indoor air quality,
job characteristics, or other factors. Health concemns of workers in office buildings fall
into several categories, including symptoms associated with indoor air quality, comfort
concemns, and ergonomic symptoms. Indoor air quality symptoms refer to a complex
mix of occupant reported symptoms associated with acute discomfort (e.g., headache,
fatigue, stuffy nose, sinus congestion, eye irritation, sore throat) that improve while
away from work. Comfort issues include concerns about air movement, temperature,
humidity, odors, and physical comfort considerations (e.g., lighting, noise). Back
pain/stifiness or pain/numbness in shoulders or hands are examples of symptoms
associated with ergonomic stresses (repetitive motion or awkward postures).

Building-related illnesses, another important potential health problem among
office workers, are diseases that are caused by specific building-related etiologic
factors. For example, hypersensitivity pneumonitis can be caused by bioaerosols
produced by microbial contamination of ventilation systems, water-damaged rugs,
furniture, or ceilings. This respiratory iliness is characterized by infiltrates seen on
chest x-rays and non-specific symptoms (fever, muscles aches, cough, and shortness
of breath). Other building related ilinesses include toxic effects of overexposure to
chemical agents such as carbon monoxide (initial symptoms of headache and nausea)
and dermatitis caused by fibrous glass which wears from ventilation duct linings.
These symptoms can, of course, often occur for reasons unrelated to working in the
building. Essential to the proper diagnosis of individuals with building related illnesses
are physician evaluation and the measurement of environmental contaminants.

In recent years, employees in the Madison Building of the Library of Congress
(LOC) in Washington, D.C. have expressed their concerns about indoor air quality and
discomfort related to their work environment. In response to these concems, the
Library of Congress requested that the National Institute for Occupational Safety and
Health (NIOSH) and the Environmental Protection Agency (EPA) undertake a
systematic study of the nature and geographic distribution of the employees’ heatlth
symptoms and comfort concems, and to attempt to determine if associations exist
between employee responses and specific workplace conditions. This study has been
done in cooperation with investigators from the John B. Pierce Foundation at Yale
University. At the time of this evaluation, the National Institute of Science and
Technology (NIST, formerly NBS) was in the process of conducting a long-term study
of ventilation and air quality at the Madison Building, under contract to the Department
of Energy. Westat, Inc., a health statistics consulting firm, was brought into the study
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The overall goal of this study was to characterize the extent of building-related
health, comfort, and environmental problems at the Library of Congress Madison
Building and to suggest remedies, where advisable.

The four specific objectives of the study were:

1. Survey the nature, magnitude, and spatial distribution of acute health
symptoms and comfort concems; '

2. Characterize selected physical, chemical and biological aspects of the
building in selected locations during the survey period;

3. Generate hypotheses from any associations observed between acute
health and comfort effects and environmental factors while taking into
account factors that would confound or modify such associations;

4, Identify areas not in compliance with standards or guidelines and make
recommendations.

This is the third in a series of three reports documenting the study, and
addresses Objective 3. It presents the results of a statistical investigation of the
interrelationships among employees’ responses regarding health and comfort
concerns, the environmental monitoring data, and other potential work-related and
non-work-related risk factors. Two prior reports, Volumes | and |, addressed
Objectives 1 and 2, respectively. Objective 4 was addressed by bringing to the
attention of the LOC Safety Office the one site with an elevated level of fungi for further
attention. (Upon re-sampling at this site, a level of fungi was measured that was well
within the range found throughout the rest of the bulding. It is likely that the original
measurement was a spurious finding, not representative of the usual conditions in the
area.)

This research effort was integrated with a parallel study at the U.S.
Environmental Protection Agency headquarters where employees were also reporting
physical symptoms and discomforts that they attributed to the buildings in which they
worked. Both the Library of Congress and EPA surveys made use of similar study
designs and survey instruments, although separate reports are being prepared for
each agency. While certain details are specific to the particular buildings involved, the
survey was designed to be applicable to a comprehensive study of any building
suspected of environmental problems.
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these are provided in Volume |. In addition, a description of the dependent and
independent variables used in the analysis is provided in this section.

2.1 Overall Study Design

An extensive self-administered questionnaire was distributed to all federal
employees at the LOC Madison Building in February 1989. The questionnaire asked
about the occurrence of a variety of health symptoms within the past year and the
past week, and their relationship to time at work. The questionnaire also ascertained
information about demographic and personal factors, as well as descriptions of an
individual’s work environment. The first report (Volume 1) summarized the design,
conduct, and descriptive statistics of this initial cross-sectional study. A copy of the
questionnaire is provided in Appendix A.

Based on the results of this questionnaire, approximately 100 sites within the
Madison Building were chosen for environmental monitoring, which was performed
during the week of February 27 - March 3, 1989. The monitoring results were
presented in Volume Il. In conjunction with the monitoring, a second survey was
administered to workers in proximity (within 25 feet) to each monitoring station. This
supplemental questionnaire asked about health symptoms and comfort levels
experienced on the day of environmental testing. The intent of this questionnaire was
to provide a point-prevalence of work-related health symptoms in areas where
environmental monitoring was being done.

2.2 Selection of Environmental Monitoring Sites

A health symptom index was computed for each employee from responses to
the first questionnaire (Appendix A), and a standardized mean score was computed
for each room in the building. Similarly, a comfort index was computed for each
employee and a standardized mean comfort score was computed for each room.
Rooms were independently ranked according to the standardized health and comfort
indices. Rooms selected for inclusion in this phase of the study were those with the
highest and those with the lowest health scores. (Health and comfort scores were
highly correlated, but only health scores were considered.) (Details of this selection
procedure are provided in Volume [ of this report.) Results of these rankings were not
revealed to the monitoring team in order to avoid any possible observation bias.
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included in the analyses in this volume.

2.3 Environmental Monitoring Research Design

The basic design was to monitor approximately one hundred sites within the
building and alt employees who worked in the immediate area of each sampling site.
The rationale for this was that environmental conditions might differ throughout the
building. This variation in the environmental conditions might be related to differences
in the level of complaints of employees. At all sites, information was collected about
the four parameters routinely used to describe the office environment: temperature,
relative humidity, respirable particulates, and carbon dioxide: At some of the sites,
other measurements were also taken, including volatile organic compounds,
bioaerosols, and aldehydes. Details of this sampling protocol are provided below.

Comfort and environmental parameters were monitored at the selected sites
during routine employee working hours (7:00 am to 5:00 pm) during the week of
February 27 - March 3, 1989. Four categories of monitoring locations were identified:
primary, secondary, fixed, and special. On a typical day, samples were collected at
the fixed indoor, fixed outdoor, up to 10 primary indoor, and up to 20 secondary
indoor monitoring locations. Samples were collected on all five days at the fixed indoor
and outdoor monitoring locations. A total of about 50 primary and 50 secondary

sampling sites were identified. Sampling results from all of these locations were
presented in Volume L.

2.3.1 Primary Sites

Extensive monitoring was done at each primary site to characterize the
magnitude and spatial differences of the comfort and environmental parameters, and
included the following:

® real-time temperature (T), relative humidity (RH), carbon dioxide (CO,), and
respirable suspended particulate (RSP) measurements were made four times
daily (early morning, late moming, early afternoon, late afternoon);

e viable (fungi, thermophylic actinomycetes, and other bacteria) and non-viable
(fungal spores) microbiological samples;
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e integrated 9-hour aldehyde and pesticide samples at 11 selected sites.

2.3.2 Secondary Sites

Real-time T, RH, CO,, and RSP measurements were collected four times (early
morning, late moming, early afternoon, late afternoon) at each secondary site.

2.3.3 Fixed Indoor and Outdoor Sites

At the single fixed indoor and outdoor sites, samples were collected daily during
the survey week in order to determine the relationship between the outdoor air and the
indoor air. Protocols and types of samples were identical to those described above
for the primary sites. Only the results collected on the first day of sampling are
included in the analyses presented in this volume.

2.3.4 Special Sites

Viable and non-viable microbiological parameters were monitored in various
components of the Madison Building heating, ventilation, and air conditioning (HVAC)
system. As mentioned above, when possible, environmental monitoring was
performed in selected areas to support management, union, and concemed individual
worker requests. Because these sites were not chosen in conformance to the overali
sampling strategy (see Section 2.2), data collected at these sites are not included in
the analyses presented in this report.

2.4 Supplemental Questionnaire

A short follow-up questionnaire (Appendix B) was designed to be administered
to individuals near the environmental monitoring stations on the day of testing. The
purpose of the questionnaire was to assess health and comfort status during the same
period the environmental parameters were measured. Information was ascertained
about descriptive aspects of the workstation, workstation conditions (including
perception of thermal comfort and odors), health concems, and mood.

One or two interviewers were assigned to each environmental monitoring cart.

5
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Information used in this study regarding study respondents is derived from two
primary sources. Information about workstation characteristics and other potential risk
factors has been obtained from the comprehensive questionnaire administered to all
employees. This questionnaire is referred to in this report as Q1. . Information
regarding work-related activities on the day of environmental monitoring are obtained
from the supplemental questionnaire (referred to as Q2). Health symptoms, comfort
concerns, and mood states on the day of testing are also obtained from Q2.

2.5 Dependent (Outcome) Variables

This section describes the various types of outcome measures used in the
statistical models and indicates how they were developed from the specific
questionnaire items. The outcome measures include health symptoms, thermal
comfort, perception of odors, air quality ratings, and mood states. (Comfort and odor
variables are also used as predictor (independent) variables.) A list of the dependent
variables used in the data analysis is in Table 2-1.

2.5.1 Self-Reported Health Symptoms

Information was ascertained on the occurrence of each of 33 symptoms on the
day of enwvironmental monitoring from the Supplemental Questionnaire (Q2: Part Iil).
These symptoms are the same as those in Q1, although in Q1, the time frame is
different (last week and last year). A “positive work-related symptom" was considered
to be one which was reported to have occurred on the day of testing, and which
began after arriving at work. (Symptoms defined as beginning in the moming at work
and symptoms defined as beginning either in the moming or in the afternoon at work
were highly corretated. Therefore, only symptoms beginning at work either in the
moming or in the aftemoon were considered further.)

One option for analysis of these symptoms would have been to analyze each of
the symptoms separately. However, for many of the individual symptoms, the
prevalence was relatively low, which hinders the development of meaningful models.

In addition, this approach would have greatly increased the probability of finding false
positive results. Symptoms were therefore clustered into biologically meaningful
groups, as follows. (The letters in parentheses refer to the specific symptoms in Q2,
Part lll). A person was considered to have a positive response to a cluster if he or she

6
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H4) flu-like symptoms (f.g,h,i,u,v)
HS5) ergonomic symptomns (dd,ee,ff,gg)
H6) headache, nausea (a,b)
H7) nasal and cough symptoms (c,d,e,f)
HB) chest-related symptoms (g,h,i)
H9) eye-related symptoms (k,|,m,n)
H10) throat-related symptoms (o,p,q)
H11) fatigue, tiredness (r,s)
H12) ergonomic symptoms and aching muscies (v, dd,ee,ff,gg)
H13) nervous system symptoms (x,y,aa,bb)
H14) dizziness/lightheadedness (y)
H15) dry skin (cc)
H16) nasal symptoms {c,d,e)
H17) eye immitation symptoms (k,I,n)
H18) eye strain symptoms (m,n)

Clusters H3, H4, and H5 are consistent with those reported in Volume |,
generated with responses to Q1. Principal components analysis (PCA) was performed
on the Q1 symptom data for the corresponding indoor air quality study at the EPA
Headquarters Buildings. From the results of this analysis, clusters H6 through H16.
Specifically, the PCA, using a Varimax rotation, was performed on the 5-point scales
(from Part I, question.7), through which respondents reported the occurrence of
symptoms during the past year. (The symptom "problem with contact lenses" was not
included, since it only applied to lens wearers.) The principal component analysis was
also performed on the data from the LOC Madison Building; similar results were
obtained. Clusters H16, H17, and H18 have been included in the LOC analysis in an
effort to improve the specificity of the more general nasal (H7) and eye (H9) symptom
clusters.

2.5.2 Perceived Thermal Comfort

Employees were asked about their perception of thermal comfort (air
movement, temperature, humidity) on the day of testing (Q2: Part II). Based on
principal components analysis of the EPA study data and chamber studies of
occupant-reported assessments of thermal comfort under a range of thermal comfort
conditions found in buildings,’ the comfort variables were collapsed into the following
four clusters.
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2.5.3 Seilf-Reported Odors

Information on odors perceived by employees at their workstations on the day
of testing was obtained through responses to Questionnaire 2, Part I, Question 8.
Principal component analysis of the EPA study data and knowledge of ventilation
conditions yielded the following odor variables:

O1) chemicals, pesticides, carpet cleaning, paint (,m,n,0)
02) body odor, cosmetics, other food smells (a,b e)

03) photocopying, printing processes (j,k)

04) fishy smells, musty/damp smells (d.f)

05) tobacco smoke (c)

06) diesel exhaust (i)

2.5.4 Perceived Overall Air Quality

Respondents were asked to rate their perception of the overall air quality in the
building on the day of testing (Q2, Part I, Question 9) as excellent, good, fair, or poor.
Two variables were created from responses to this question:

A1) 1 = poor or fair; 0 = excellent or good
A2) 1 = poor; 0 = excellent, good, or fair

2.5.5 Self-Reported Mood States

ltems from the Profile of Mood States? that are used to form factors related to
tension, fatigue, and vigor were contained in Questionnaire 2, Part IV. These factors
are calculated as follows:

M1) tension (sum of items f,h,j,k,m,p,r] - item i)
M2) fatigue (sum of items a,b,l,0,q,s,x}
M3} vigor (sum of items c,d,g,n,t,u,v,w)

In contrast with the other outcome variables that have been defined in Sections

2.5.1 through 2.5.4, the three mood states variables are continuous, rather than
binary, in nature. The tension score has a possible range of 3 to 39 (higher score =

8



mnra tancinnY' tha fatimia erala has a fran ranna frem 7 tn ?R thinhar ernre = mnara

The primary goal of this report is to assess the relationship between the health
and comfort outcomes described above and environmental parameters measured. To
assess this relationship in a valid manner, it is necessary to control for other factors
that may also be associated with these outcomes. These other risk factors are
referred to as confounders or effect modifiers. The independent variables, including
both environmental measurements and potential confounders, used in these analyses,
are presented in Tables 2-2, 2-3,.and 24.

2.6.1 Environmental Measurements
2.6.1.1 Temporal Data

The temporal data (measured four times throughout the day) consisted of
measurements of temperature (dry bulb), relative humidity, carbon dioxide, and
respirable particulates. The following 5 variables were created and used in the
regression models:

T1) dry bulb temperature °F)

T2) relative humidity (%)

T3) natural logarithm of carbon dioxide level (ppm)

T4) natural logarithm of respirable particulate ievel (ug/m?®)
T5) temperature range: maximum - minimum

The mean of the four values observed {or its natural logarithm) was used as a
summary variable for each of the first four temporal variables (T1 through T4).
(Logarithmically-transformed values were used to normalize the distributions of these
variables.) Analogous sets of variables were computed using the mean of the two
morning values and the maximum value for each parameter. These were highly
correlated with the daily average and were therefore not considered in further
analyses. (Correlations of mean of moming values with daily mean for the four
variables ranged from 0.89 to 0.97. Similarly, correlations of maximum value with the
daily mean ranged from 0.89 to 0.94.)

2.6.1.2 Volatile Organic Compound (VOC) Data

At a subset of the monitoring sites (e.g., 51 primary sites), concentrations of

9



chemicais. At each Of the pnmary sites, a single ntegrateq air measurement was
made (over a nine-hour time frame). Many of the concentrations for the individually
measured VOCs fell below the detection limits for all or most of the sample sites.
Nine VOCS had a sufficient number of measurable values to warrant further
consideration: 1,1,1-trichloroethane, benzene, trichloroethylene, toluene,
tetrachloroethylene, ethylbenzene, o- and p-xylene (combined), methylene chloride,
and n-octane (all measured in ug/m®). in addition, total VOCs (in ppmc) and
respirable particulate (RSP) concentrations (ug/m®) were measured at the same sites.
(These RSP measurements differ from the temporal RSP measurements in two ways:
1) measured over the course of 8-hours, versus four instantaneous measurements;
and 2) the particle size captured is different. For the VOCs, "not detected” values
were set equal to 0.5 times the limit of detection (LOD), “trace" values wet set at the
midpoint between the limit of quantification (LOQ) and the: LOD [O. 5*(LOQ+ LOD)],
and "not calculated" values were treated as missing.

Principal components analysis of the nine VOCs performed with the parallel
EPA indoor air quality study data yielded two major factors: (1) total of concentrations
of 1,1,14richloroethane and tetrachioroethylene, and (2) total of remaining seven
VOCs. Because of the unique features of methylene chloride relative to the other six
compounds in the group and because this variate was only weakly associated with
the group, methylene chloride was treated as a separate variable. The VOC-related
variables used in statistical modeling consisted of the following variables:

V1) In [total of concentrations (ug/m?) for 1,1,1-trichloroethane and
tetrachioroethylene]

V2) In [total of concentrations {ug/m?) for benzene, toluene,
trichloroethylene, ethylbenzene, o- and p-xylene, n-octane]

V3) In [methylene chloride concentration (ug/m®))

V4) In [total VOCs (ppmc)]

V5) In [integrated RSP concentration (ug/m?®)]

2.6.1.3 Biological Data

Microbiological data were obtained at each of the primary sites. The data
consisted of counts of colony forming units (CFUs) for various fungi, human source
bacteria, and thermophiles. Fungi may be associated with allergic reactions (sneezing,
runny nose) or respiratory symptoms. Bacteria of certain types (e.g., Legionella) have
been associated with building-related iliness. Thermophilic bacteria, which thrive in
warm, moist areas, may be associated with certain respiratory symptoms, including

10



Aspergillus Alcaligenes

Cladosporium Klebsiella
Mucor Micrococcus
Penicillium Micropolyspora
Phoma Proteus
Rhizopus Serratia
Sporobolmyces  Staphylococcus
Verticillum Streptococcus
Yeast Un-identified
Un-identified

Because the number of any specific species of fungi or bacteria was very small,
they were not included in further regression analyses. The three variables derived
from the bioaerosol data were:

B1) log,, [total fungi (CFU/m)]
B2) log,, [total bacteria (CFU/m?)]
B3) log,, [total thermophilic bacteria (CFU/m?)]

There were no organisms found at a substantial number of sites and, therefore,
a large number of persons had values of zero for counts of fungi (N=133; 20% of
study population), bacteria (N=77; 11%), and thermophilic bacteria (N=341; 51%).
Since the logarithm of zero is undefined, and would therefore be considered as
missing values in analyses using the transformed data, the values of zeros were
reassigned the value of "1" prior to logarithmic transformation. These values are
considered as zero in the transformed data, since the fog of 1 is zero.

2.6.1.4 Aldehydes and Pesticides

These measurements were made at only 11 sites within the Madison Building.
Because of the relatively small number of individuals represented by these 11 sites (87
of the 674), complete multivariable analyses were not performed for these data.
However, descriptive data are presented in Section 3.2.2 of formaldehyde,
acetaldehyde, acetone, and carbonyis.

11



- e A e mee e

primary sampling locations, with a range of only 0.4 to 0.7 ug/m?®. All other nicotine
samples were below the limit of quantification. Therefore, no further analysis was
performed with these data.

2.6.2 Other Potential Risk Factors (Workplace, Personal, Medical
Confounders/Effect Modifiers)

The models for relating the reported health systems and comfort concems to
the exposure measurements can be influenced by a variety of confounding factors --
that is, workplace, personal, or medical characteristics that are associated with both
the health and comfort outcomes and the environmental measurements, and can
cause spurious or false associations between them. Among these factors are type of
workspace, years spent at one’s workstation, employee age, gender, smoking status,
pay grade, and history of medical conditions such as asthma. A complete list of the
variables considered in the regression models is found in Tables 2-3 and 2-4.

These risk factors are chosen based on results of prior study and biological
plausibility. For example, it may be hypothesized that older individuals may have a
higher frequency of certain health symptoms, or that lower pay grade employees may
experience more heaith problems due to several factors (e.q., poorer medical care).>®
Persons wearing glasses or contact lenses may be more subject to eye irritation,
headaches, and fatigue. With regard to type of workspace (e.g., open area vs.
enclosed office), it might be that those with less privacy may more frequently incur
stress-related symptoms such as headaches,*® or that the presence of partitions may
serve to modify the airfiow to an individual's workspace.

Also considered as potential risk factors for reporting health symptoms are
seven scales dealing with work-related and non-work-related stresses. These scales,
derived from responses to Questionnaire 1 (Part IV), are described in Appendix C.
The scales assess overall job satisfaction, role conflict, job control, workload, utilization
of abilities, role clarity, and external stress. These psychosocial factors, which are

partly personal and partly job-related, have been linked to a variety of health
symptoms.’-®

2.7 Statistical Analyses

The statistical analyses presented in this report are of two major types:

12
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environmental data Linear regressuon technlques were employed for outcomes
that are relatively continuous in nature (mood states); logistic regression
techniques were used in the evaluation of the dichotomous symptom outcomes.

The second item is the main focus of this report, since it addresses the primary
objective of the study: to determine the association between the environmental factors
measured at the LOC Madison Building and the self-reported health symptoms,
perceived air quality, comfort concemns, mood states, and odors noticed.

13



-~ Mo il e

During Phase | of the study, 3176 questionnaires (Q1) were delivered to federal
employees at the Madison Building. Of these, 2845 were completed and returned, for
a response rate of 90%. The supplemental questionnaire (Q2) was made available to
the 811 persons who were at their desks on the day of the survey. Of these, 785
(97%) were completed and returned. Of these 785, 111 persons did not complete Q1
and were therefore eliminated from further analysis since data regarding workplace,
demographic and other confounding risk factors were not available about them. The
final data set consists of 674 individuals who completed both questionnaires. Further
description of the participation rates in Phase |l is provided in Table 3-1.

3.2 Descriptive Analyses of Dependent and Independent Variables
3.2.1 Dependent Variables

Heslth Symptoms

Table 3-2 summarizes the prevalences of positive responses to each of the
symptom clusters. The percentages of positive responses are shown separately for
the high complaint and low complaint areas (as defined using Q1), and for males and
females. For all symptom clusters, the percentage of female employees reporting
work-related health symptoms is greater than the percentage of male employees
reporting the same symptom cluster. Because gender may be associated with other
potential risk factors for the occurrence of symptoms, further analysis was not
performed separately for each gender, but used gender as one of the variables in
multivariable analyses. A consistently higher percentage of health symptoms was
reported by workers in the areas designated as "high complaint® than in the “low
complaint® areas. This is not surprising, given that the areas were thus designated
based on symptom reporting on the first questionnaire.

The prevalence of each of the symptoms used to generate the symptom
complexes is presented in Appendix D. The prevalences of symptoms reported to
have occurred on the day of monitoring (and which began after arriving at work)
ranged from 0.6% (fever) to 32% (sleepiness). Also presented in this table are the
prevalences of the same symptoms as reported on the first questionnaire (Q1) among
the 674 persons who completed both questionnaires. A "positive” symptom for Q1
was defined in two ways: 1) a symptom that occurred "often” or "always" in past year
and got better away from work ("Q1: O/A"), and 2) one that occurred "sometimes,"
"often,” or “always" in past year and got better away from work ("Q1: S/O/A"). The
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or "always” in the past year. (The difference between the prevalence of Q2 symptoms
and the prevalence of Q1: O/A symptoms was statistically significant in 13 of 31
symptoms (p<0.05 by McNemar’s test) and the prevalence of Q2 symptoms was
lower than Q1: S/O/A symptoms in 30 of 31 symptoms (p<0.03 by McNemar's test)).

Comfort Concerns

The percentages of respondents with positive responses for the thermal comfort
clusters are presented in Table 3-3. These percentages are presented by gender and
for high and low symptom complaint areas {(as defined by responses to Q1). The
most prevalent concerns were those describing conditions as too hot and stuffy (60%,
overall). There was a higher reporting of C1 (too hot, stuffy) and C2 (too dry) among
those in the high symptom complaint area than in the low symptom complaint areas.
There was no significant difference in the prevalence of positive reports for C3 (too
humid) and C4 (too cold) between the high and low symptom complaint areas.
Overall, there was a higher reporting of comfort concerns among females; however,
this difference was statistically significant only for reports of being too cold (x*:
p=0.001) and was seen primarily among respondents in the low symptom areas.

Perception of Odors

The percentages of respondents reporting positive odors are shown in Table 3-
4. Only O2 (body odor, cosmetics, food smelis) had an appreciable number of
positive responses (37%, overall); therefore, only the O2 cluster is included in the
multivariable analyses. There were no significant differences in reported prevalences
of odors between males and females. Furthermore, although for each odor cluster
there was a higher prevalence among employees in high symptom complaint areas,
none of these differences was statistically significant.

Air Quality Acceptability

The air quality was rated fair or poor by 60% of respondents (Table 3-5) and
was rated poor by 12%. Significantly more females rated the air quality as fair or poor
than did males (67% vs. 52%; x*, p=0.0002). In addition, significantly more persons in
the high symptom complaint areas reported the air quality to be fair or poor (85% vs
55%; x°, p=0.04) or poor (15% vs 9%; x°, p=0.01) than those in low symptom
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Table 3-6 summarizes the mood factor scores. Males reported a statistically
significant higher mean vigor score than females, though the magnitude of the
difference was not great (20.0 vs 19.0; t-test, p=0.05). Persons in the high symptom
complaint areas reported higher mean tension scores (9.0 vs. 7.7; t-test, p<0.001),
higher fatigue scores (13.2 vs. 11.3; t-test, p<0.001), and lower vigor scores (18.7
vs. 20.4; t-test, p=0.002) than those in low complaint areas.

3.2.2 independent Variables
3.2.2.1 Environmental Measurements

Table 3-7 presents summaries of the distributions of the environmental
variables, by gender and symptom complaint level. Several of these variables,
including CO,, respirable particulates, VOCs, and bioaerosols, are expressed as
logarithmic transformations. To aid in interpretation of the levels observed among the
study population, the distributions of the non-transformed variables are provided in
Table 3-7a.

There are several statistically significant differences between the high and low
symptom complaint areas (by student’s t-test). The mean temperature was higher in
the high than the low symptom areas (p<0.0001); however, the difference was less
than one half a degree Fahrenheit (73.5 vs 73.1). The mean relative humidity
measured at the high symptom areas was lower than at the low symptom areas
(p=0.03); again, however, the magnitude of the difference was small (49.5% vs
50.3%). There was a higher level of respirable particulates as measured temporally in
the high symptom areas [1.64 vs 1.54 (natural logs); p=0.005)]; however, the
difference in respirable particulates taken in an integrated sample was not significant
[2.80 vs. 2.71 (natural logs})].

There were slightly higher levels of three of the four parameters used in
assessing volatile organic compounds in the high symptom areas (t-test, p<0.05 for
V2 (natural log of combination of 7 VOCs) and V3 (natural log of methylene chloride).
However, the total VOC level was slightly higher in the low symptom areas [-0.01 vs
0.07 {natural logs); p=0.07)].

The logarithm of level of total fungi was higher in the high symptom levels;
however, there was no difference in fungi level when the results of one location which
measured above 1500 colony forming units was excluded. This location was clearly
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pneumonitis, were not detected in the Madison Buildihg.

The aldehyde levels were measured for only 11 locations, representing 87
individuals. Because this included only one location in the low symptom areas, tests
of statistical significance are not appropriate. However, there are no remarkable
differences between the high and low symptom areas. The levels of formaldehyde,
acetone, and carbonyl were slightly lower in the high symptom areas than in the low
symptom area. Only for acetone was the level higher in the high symptom areas. ltis
noted, however, that for all of these substances, the levels were low and the
differences small.

32.2.2 Potential Confounders/Risk Factors =

Tables 3-8 and 3-9 shows the distribution, by gender and symptom complaint
level, of the variables considered as potential risk factors and confounders. There
were several statistically significant differences among these variables between high
and low symptom complaint areas, as well as between males and females (by x° test).
There were significant associations between working in office spaces with mid-height
partitions (vs. all other office types) and being in a high symptom area (p=0.004), and
working in open areas (vs. all others) and being in a low symptom area (p=0.006).
Although there was approximately the same percentage of workstations with mid-
height partitions among males and females, there were fewer females with enclosed
offices (14% vs. 21%) and more with open areas or stacks (25% vs. 18%; p=0.05).

There were more males than females reporting that they went outside on the
day of monitoring (57% vs. 49%; p=0.03). However, more females than males
reported that they were near a source of VOCs (copier or laser printer) (39% vs. 25%;

p<0.0001), used a printer (56% vs. 45%; p=0.005), or used a copier (29% vs 22%,;
p=0.06).

Among those in the high symptom areas, there were more individuals reporting
the use of glues and chemicals (13% vs. 7%; p=0.008) and fewer who could see a
window from their workstation (14% vs. 29%; p <0.0001).

Compared with the low symptom areas, there were fewer persons in the high
symptom areas who reported to be in the high pay category (11% vs. 22%; p<0.0001)
and more in the lowest pay category (44% vs. 35%). Similarly, there were more
females reporting to be in the lowest pay category (48% vs 31%) and more men in the
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highest pay category (21% vs. 12%; p=0.005). Additionally, there were more males
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higher mean number of external stresses than men (2.0 vs. 1.7; t-test, p=0.006).

Interpretation of the individual factors listed in Tables 3-8 and 3-9 as potential
risk factors for the occurrence of symptoms should be done with caution. Some of
these factors are correlated with one another, and therefore individual associations
with symptoms may be spurious. To account for this problem, further regression
analyses were performed that control for the effect of these factors simultaneously.

3.3 Multivariable Regression Analyses
3.3.1 Analytic Approach

To determine if the various environmental measures are associated with the
outcome (dependent) variables requires the development of statistical models. These
models allow the measurement of the association between outcome variables
(symptoms, comfort, mood) and workplace exposures {environmental measurements),
while controlling for a variety of other potentially confounding risk factors {(gender, age,
medical conditions, etc.). Two types of models were used:

1) Linear multiple regression models were used to relate continuous outcome
variables to the independent variables. These models were used in assessing
the risk factors associated with the self-reported mood states, which consist of
a score for each individual from a range of possible scores. The linear
regression parameter of interest is the "beta" coefficient, which represents the
estimated change that occurs in the outcome measure due to a change of one
unit in the independent (exposure) variable. For those independent variables
that have only a O or 1 value (e.g., gender), the associated beta estimate

represents the change in the outcome variable between the 0 and the 1
categories.

The question arises as to whether the beta coefficient is "statistically significant,”
i.e. is it different from zero? Statistical significance of the beta coefficients can
be represented in two manners: 1) p value; i.e. the percent chance that the
association occurred by chance. A p value of less than 0.05 is often
considered "statistically significant.” 2) Confidence Interval, which is derived
using the standard error of the beta. A 95% confidence interval, e.g., covers,
with 95% confidence, the true coefficient. If the confidence interval does not
include 1, the beta is considered "statistically significant.”
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estimated change in the log odds due to a change of one unit in the
independent (exposure) variable. The parameter is expressed in this report as
the odds ratio (OR), which is the exponential of the beta. For example, in the
analysis of the occurrence of a symptom and exposure to Substance X, the
odds ratio represents, for those with the symptom, the odds of being exposed
to Substance X divided by the odds of not being exposed to Substance X. In
the case of a continuous variable, the odds ratio reported here represents the
odds, for those with symptoms, of being exposed to Substance X at a level of 1
(logarithm of Substance X) divided by the odds of having no exposure to
Substance X. An odds ratio (OR) of "1° means that there is no association
between exposure and outcome. An OR greater than -"1" represents a positive
association between exposure and outcome, and an OR less than 1 represents
a negative association. Care should be taken when interpreting the OR when
the exposure measure is expressed as logarithms of the substance. This
represents the change in odds ratio per /ogarithmic unit of the substance, and
the magnitude of the association will therefore appear at first glance to be much
higher than it really is. Tests of statistical significance are analogous to those
described above for linear regression parameters.

Choice of Dependent Variables

The initial candidate set of outcome variables, as described previously,
consisted of 18 health symptom measures, four comfort concern measures, three
mood state measures, seven odor measures, and two air quality ratings. Based upon
the preliminary descriptive analysis presented in Section 3-2, several of these were
dropped. One of the comfort variables and most of the odor variables were dropped
because of the low prevalence of positive responses observed. The set of dependent
variables used in these analyses is found in Table 2-1.

Modeling Strateqy

As described in previous sections of this report, information was gathered about
a large number of health and comfort outcomes, exposure levels, workplace
characteristics, and other potential confounding factors. A strategy was developed to
analyze this information in a meaningful way, with the goal of understanding the
relationships between health and comfort outcomes and environmental exposures,
while controlling for other potential risk factors. The first step was to identify all
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potential workplace. personal. and medical risk factors and to choose a set of these

sSway It. (FOr exampile, even it was consiaered quite plausipieé tnat persons win
asthma would experience more health symptoms than those without asthma, if only
two individuals had reported asthma, it could not have been evaluated in this
population.) The resulting list of 20-25 variables was considered in a series of logistic
regression models to determine a subset of that list that appeared to be consistently
significantly associated with a variety of symptoms. From these analyses, a small
subset of variables was chosen to be included in all further modeils that included the
environmental exposure variables.

The environmental variables were grouped into 6 categories, relating to different
types of environmental exposures. Associations between these exposure variables
and health and comfort outcomes were then deterrmned A more detailed description
of this analytic process is provided below.

Health Symptom Outcomes

The health symptom clusters were considered in two groups - those consistl’ng
of symptoms often observed in investigations of indoor office environments
(respiratory symptoms, fatigue, headaches, etc.) (referred to here as building-related
symptoms) and those related to ergonomic concemns (pain in hands, back, eye strain,
etc.). Based upon preliminary univariate analyses and consideration of biologic
plausibility, a subset of independent variables (workplace, personal, and medical risk
factors) was chosen for each of the two types of symptoms. These variables (listed
below) were entered into a logistic model for each symptom complex in a stepwise
fashion. (A variable was allowed to enter the model if its beta coefficient was
significant at the p <0.10 level.)

Building-Related Symptoms Ergonomic Symptoms

work space hours at VDT
source of VOCs lighting

used computer glare

wood furniture chair comfort

hours at workstation table comfort
chemicals/glues work space

used printer hours at workstation
used copier years at workstation

years at workstation



asthima external sress

6 job stresses contact lenses
external stress : contacts/glasses
contact lenses financial situation
contacts/glasses education level
financial situation

education level

A summary of these regression models is contained in Appendix E. This table
presents, for each symptom variable, the list of workplace, personal, or medical
variables that entered the regression model. Based on the results of these logistic
regression analyses, a smaller group of independent variables was selected, based on
consistency and magnitude of effect. These final sets of workplace, personal, and
medical confounders were forced into subsequent models testing for the effects of the
environmental parameters. The final variable subsets were as follows:

Building-Related Symptoms Ergonomic Symptoms

gender gender

age chair comfort
role conflict lighting

external stress glare

contact lenses role conflict
used copier financial situation
chemicals/glue

It should be noted that, although gender is included in these analyses, there is
evidence from these preliminary analyses that its effect may be inconsequential, once
the effects of confounding variables are accounted for. While it is true that for each
symptom cluster there is a higher reporting of symptoms among females than males
when looking at gender alone, when the other workplace, personal, and medical
(W/P/M) factors were included in the models, the effect of gender became
inconsequential in most of the models. It was decided to include gender in all models,
since it may act as a proxy or surrogate for the combined effect of other risk factors,
such as pay category, education level, and stresses, most notably, external stress,
workload, and role clarity. When W/P/M variables, including gender, were forced into
the regression models, gender contributed no statistically significant predictive power
above and beyond the W/P/M variables (by a Wald x* approach} in 12 of the 18
models. However, if gender was aliowed to enter, as were the other W/P/M variables,
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interactions was tested, using a likelihood ratio test. None of the interaction terms was
significant for any of the models.

A series of logistic regression models was then constructed to assess the
added significance of the environmental parameters. These were added in 6 separate

"chunks," as listed in Table 2-2. The six groups of environmental parameters were as
follows:

1. Temperature/Humidity:
Measured parameters: temp, RH, max-min temp
Perceived parameters: too hot, too dry, too cold

2. Carbon dioxide: natural log of CO, concentration

3. Respirable particulates: natural log of RSP concentrations: temporal
and integrated measures

4. Perceived Odor: body odor, cosmetics, food (Y/N)

S.

VOCs: 4 VOC parameters: natural logs of 2 VOC groupings, natural log
of methylene chloride concentration, and natural log of total VOCs

6: Bioaerosols: log(total fungus count), log(total bacteria count), log (total
thermophilic bacteria count)

For each of the 6 sets of environmental parameters, all variables in the set
("chunk”) were forced into the regression model and the contribution of the entire set
was assessed for statistical significance.

In order to determine the effect of using the “standard" set of variables listed
above, rather than using the set that best fit the model for each specific symptom
cluster (listed in Appendix E), regressions using the temperature and humidity
variables were run with both the standard set and the individual set identified for each
symptom cluster. There were no notable differences in the resulting models. The
coefficients of the temperature and humidity variables were essentially the same,
resulting in the same interpretations. Therefore, for ease of comparison of the models,
only the results using the standard set of independent variables are presented.

3.3.2 Logistic Regression Results: Health Symptoms

The complete listings of the logistic regression results for each symptom cluster
are contained in Appendix F. A summary of these findings is presented in Table 3-10.
Almost all of the symptom complexes were significantly associated with the
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the association between comfort and symptoms, ranged from 2 to 4. That is,
controliing for confounding factors, persons who reported the occurrence of
symptoms had 2 to 4 times the odds of reporting being uncomfortable as those
without symptoms. It is of note that, although the magnitude of the odds ratios was
slightly lower, symptoms associated with ergonomic stresses were also associated
with perception of thermal comfort.

Only non-specific indoor air quality symptoms (headache, fatigue) were
associated with the carbon dioxide level (OR = 8.0; 95% Cl =1.4, 16.8). However,
this translates to a mean CO, level for those with this symptom complex of 503 ppm
and 493 ppm for those without the symptom complex. Although this difference may
be "statistically significant,” it is quite small, and in fact, less than the degree of
accuracy of the measuring apparatus, which measures CO, levels in increments of 25
ppm. ‘

No statistically significant associations were detected for the occurrence of
symptoms and measured respirable particulates, using either the temporal or the
integrated measurement. Nor were any statistically significant associations seen for
symptoms and measured levels of volatile organic compounds (VOCs).

In assessing the association between symptom occurrence and the perception
of odors (body odor, cosmetics, food smells), the odds ratios ranged from
approximately 1.5 to 2.3. That is, persons with symptoms had 1.5 to 2.3 times the
odds of reporting odors than those who did not report symptoms. Again, this
occurred for ergonomic symptoms as well.

The only statistically significant association between symptoms and bioaerosol
levels (logarithm,, of fungi, bacteria, and thermophilic bacteria counts) was that
between level of fungi and reporting of dizziness. All other symptom complexes were
not associated with bioaerosol levels.

3.3.3 Logistic Regression Results: Comfort Concerns

Analyses were performed to identify risk factors for reporting the perception of
being themally uncomfortable (being too hot, too cold, or air too dry). Persons who
reported being too hot experienced air temperatures that were higher than persons
not reporting being too hot (Odds Ratio=1.23; 95% Cl=1.00, 1.46). That is, for each
degree increased, the odds of reporting being too hot increase by 23 percent. The
actual magnitude of this difference is small, i.e. persons reporting it being too hot
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experienced a mean temperature of 73.5°F, while all others experienced a mean
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being too cold increase by 22 percent. Again, the magnitude of the difference is
relatively small; the environment of persons reporting it was too cold had a mean
temperature of 73.0°F, and all others had a mean temperature of 73.5°F.

The perception that the air is too dry was negatively associated with relative
humidity (OR=0.93, 95% Ci=0.89, 0.97); i.e. persons reporting that the air was too dry
on the day of testing did experience a lower relative humidity than other respondents,
though the actual magnitude of this difference was small (48.7% vs. 50.2%).

The parameters reflecting thermal discomfort were not related to the level of
carbon dioxide. Most of the thermal comfort parameters were also not unrelated to
levels of respirable particulates, though persons reporting that it was too cold had a

lower level of respirable particulates, measured temporally (OR=0.33, 95% Ci=0.15,
0.74).

Reporting that the environment was too hot or too dry was associated with the
perception of odors. (Too hot: OR=1.7, 95% Cl:1.1, 2.4; Too dry: OR=1.5, 95% CI:
1.00, 2.2).

There were no positive associations between being thermally uncomfortable and
the level of volatile organic compounds (VOCs), though the perception of being too
dry was negatively associated with the level of one of the VOC combinations (V2)
(OR=0.2, 95% CI: 0.1, 0.6). Though this was statistically significant, there is no
apparent reason why this should have occurred. 1t is most likely a spurious finding,
occurring as an artifact of the multiple comparisons being made in this analysis.

No consistent association was seen between bioaerosol levels and perception
of comfort, with the only statistically significant (p=0.04} association between reporting
it to be too hot and stuffy with an increase in total bacteria count.

3.3.4 Logistic Regression Results: Odors

There were no associations between the perception of odors and parameters of
measured or perceived temperature or humidity, with odds ratios ranging between
0.95 and 1.5. None of these odds ratios was statistically significant.

There were also no significant associations between perception of odors and
levels of carbon dioxide, respirable particulates, volatile organic compounds, or
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Persons who reported that the overall air quality was fair or poor (vs. good or
excellent) had an increased odds of reporting that their work environment was too hot
(OR=7.9; 95% Ci=4.9, 13.0), too cold (OR=2.6; 95% Cl=1.6, 4.5), and too dry
(OR=2.7; 95% Cl=1.5, 4.6). There was no relationship, however, between overall
perception of air quality and actual measured temperature and relative humidity, when
the parameters pertaining to perception of thermal comfort were included in the model.
Similar findings were noted in the analysis of persons reporting the perception that the
overall air quality was poor (vs. fair, good, or excellent), though the odds ratios were
smaller.

There was a statistically significant association between reporting that the air
quality was fair or poor and the CO, level (OR=8.6; 95% Ci=1.5, 48.2). Again, though
this is statistically significant, the difference translates to a level of 503 ppm for those
reporting the air quality to be fair or poor, while those reporting it to be good or
excellent had a mean CO, level of 493 ppm. Similar results were found comparing
those who reported the air quality to be poor and those who reported it to be fair,
good, or excellent, though, because of the relatively small number of persons
reporting the air quality to be poor, the association was not statistically significant
(OR=17.4; 95% CI1=0.8, 397.8). In this case, as well, the difference translates to an
actual difference of 513 ppm for those who reported the air quality to be poor and 498
ppm for all others. These differences, though statistically significant, are less than the

accuracy of the measurement apparatus, and therefore are should be interpreted with
caution.

There were no significant associations between the perception of air quality and
the levels of respirable particulates and bioaerosols. There was a statistically
significant association between reporting that the air quality was fair or poor and level
of methylene chioride (V3). However, no other significant relationships were found
between perception of air quality and VOC levels.

As with health symptoms and perception of thermal comfort, the perception of
the overall air quality was associated with the perception of odors (OR=1.7; 95%
Ci=1.2, 2.4). That is, those who reported that the air quality was fair or poor had 1.7
times the odds of reporting perceiving body odors, cosmetic odors, or food smells.
3.3.6 Linear Regression Results: Mood State Scales

Tension scores were positively related to the measured temperature
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There were no consistent relationships between mood scales and volatile
organic compounds, although the scale related to vigor was significantly associated
with higher levels of one group of VOCs (benzene, toluene, trichloroethylene,
ethylbenzene, o- and p-xylene, n-octane) (beta = 3.28, p=0.02) and lower levels of
methylene chloride (beta = -1.25, p=0.04).



The study design used in this evaluation of the Library of Congress Madison
Building has a number of strengths and weaknesses in assessing the risk factors of
health effects experienced by the employees. It is a study of a relatively large
population in a single building. The study design afforded the opportunity to observe
workers’ health and comfort experience on the same day as a host of environmental
conditions were measured. The first phase of the study consisted of a questionnaire
administered to the entire building population; during the second phase of the study,
environmental measurements were made at approximately 100 locations within the
building and a second questionnaire was administered to employees in proximity to
the sampling locations. A high response rate was obtained in both phases of the
study (Phase I: 90%; Phase II: 97% of available workers), minimizing the potential for a
selection bias. This type of bias may be present with a low participation rate, often
because the persons with more heaith problems tend to volunteer for participation in
the study, whereas people without problems may not.

This is a cross-sectional study, i.e., the health outcomes and exposures were
measured at a single point in time.  Although there was litle potential for selection
bias occurring among the current workforce because of the high response rates in
both phases of the study, inherent in this type of study design is the potential for a
"survivor” bias; i.e. people who left the workforce because of work-related illness are
not in the study population. Although there were several accounts of persons who
may have experienced health effects serious enough for them to leave the workforce,
the number of these persons was small, and was not considered to be a major
problem in this study.

With the exception of the results of the first questionnaire, which were obtained
from the entire population of the building, inferences should not be made to the
building as a whole or to other buildings, particularty with regard to the prevalence of
symptom and comfort concerns and overall environmental monitoring results, because
of the purposeful (non-random) process by which the monitoring sites were selected.
That is, information from the first questionnaire was used to identify those areas with
higher than average health and thermal comfort complaints and lower than average
health and comfort complaints. However, it is noted that the 674 individuals who were
selected for Phase Il of the study and who completed both questionnaires were similar
to the 2171 individuals who completed only the first questionnaire with regard to age
(42.1 vs. 42.6; t-test: p=0.23), gender (46.0% male vs. 47.2%; x*: p=0.58) and years
at their workstation (4.8 vs. 4.9; t-test: p=0.68).

In addition, monitoring was not carried out in the breathing zone of individuals;
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rather, for economy, stationary area sites were used. The supplemental
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misclassified with respect to their exposure levels, or air drafts or other conditions may
have existed that might have lead to differences in environmental conditions
experienced by workers within the same monitoring location.

Another limitation of the study design is the fact that measurements were taken
at only one point in time, providing a "snapshot” of the environmental conditions and
health concerns experienced at the given point that the monitoring took place.
Concern was voiced to study investigators by a number of employees during the week
of environmental monitoring that conditions were much better than usual and that they
felt that some deliberate improvements were made by building engineers because of
the study. There is some evidence that speaks against this possibility. The year-long
evaluation of the ventilation system of the Madison Building performed by NIST
showed no remarkable differences during the week of the survey.® 'In addition,
temperature and humidity logs routinely maintained by building maintenance personnel
showed some small differences during the survey week compared with the week prior
to the survey (many locations were slightly cooler with slightly lower relative humidity).
However, there was no evidence to support the concern that the HVAC system had
been manipulated during the survey week. Brief summaries of the NIST and
temperature log data are provided in Appendix G.

4.2 Principal Findings and How They Relate to Other Studies

The primary objective of this study was to assess the relationship between self-
reported responses (health symptoms, comfort concemns, odors noticed, perceived
indoor air quality, and mood states) and objective environmental measurements
(temperature, humidity, carbon dioxide, respirable suspended particulates, several
volatile organic compounds, and bioaerosols). No consistent relationships between
symptoms and environmental measurements were noted. The few associations that
were observed to be statistically significant were sporadic and inconsistent for
symptoms of a similar nature.

Several experimental studies have demonstrated an association between
symptoms and volatile organic compounds (VOCs)."™"" In addition, Morey and
Jenkins'? reported total VOC concentrations in the range of 1 ug/m® to over 2000
ug/m?* with a mean of 660 ug/m® from 109 indoor samples of 15 office buildings with
occupant complaints. However, the rates of occupant complaints among these
workers were not reported. Hodgson, et al.'® reported that total VOC levels were
related to "complaint® rates. The mean levels found were 0.14 ppm to 3.59 ppm in
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persons with symptoms and those without symptoms.’'” The total VOC
concentration in the Madison Building was low compared to many other studies. In
fact, it is possibie that the negative findings with regard to an association between
symptoms and VOC levels at the Madison Building may be due to the generally low
levels of VOCs and the small variation noted across areas in the building.

Perceived comfort levels were significantly associated with objective thermal
measurements. That is, persons who complained of being too hot did experience a
slightty higher mean temperature than other respondents, and persons reporting it to
be too cold experienced a slightly lower mean temperature than other respondents. In
addition, the mean relative humidity (RH) of those reporting it to be too dry was
slightly, but significantly, lower than the mean RH for other respondents. It should be
noted, however, that the measured ranges of temperature and relative humidity were
small and within accepted standards for indoor office environments.

Another objective of this study was to assess the relationship between health
symptom reports and comfort concerns. Almost all of the symptom complexes
studies were significantly associated with the variables related to perception of comfort
(too hot, too cold, and too dry). The odds ratios, adjusted for potential confounding
factors, estimating the relationship between symptoms and comfort concerns ranged
from 2 to 4., that is, persons who reported the occurrence of symptoms had 2 to 4
times the odds of reporting being uncomfortabie as those without symptoms.

A number of other studies of the indoor office environment have observed
associations between comfort parameters, such as air freshness, temperature, and
humidity, and symptom prevalence. Some of these studies support the findings at the
Madison Building; i.e., occupants’ perception of air freshness or humidity related to
symptom reporting, but no relationship was found to actual measurements.’®'® Other
recent studies observed associations between symptoms and objective
measurements. In general, negative associations were seen between mucous
membrane symptoms and humidity and positive associations between symptoms and
temperature.?>>* However, the temperature range observed in most of these studies
was larger than that observed at the Madison Building, and the relative humidity was
considerably lower than at the Madison Building. Most studies demonstrating an
association between symptoms and temperature and relative humidity®'-2%24-2¢
evaluated buildings with areas experiencing much lower relative humidity than were
seen at the Madison Buiiding. Relative humidities in these studies ranged down to 10-

15%; whereas the mean RH at the Madison Building was 49.5%, with a range of 36.7%
to 61.5%.
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particulate levels measured at the Madison Buiiding for the two measurement
techniques were 5 and 18 ug/m?, with peak measurements of 20.5 and 37 ug/m?®,
respectively.

These levels were low in comparison to studies which documented an
association with symptoms. in a study reported by Hodgson, et al,'® particulate levels
ranged from non-detectable to 90 ug/m®, with a mean of 36 ug/m®. Armstrong®
reported RSP levels ranging from "negligible” to 1.07 mg/m?®, with a mean of 0.13
mg/m?. The high RSP levels in that building were most likely due to the adjacent
highway, smoking, and construction within the building.

In summary, this evaluation of the Madison Building demonstrated no consistent
relationships between health symptoms and measured environmental contaminants,
including volatile organic compounds, respirable particulates, and bioaerosols.
Although there have been a number of studies in the literature which do document a
positive association between symptoms and these substances, the levels of
contaminants measured in those studies were, by and large, much higher and more
variable than those observed at the Madison Building. In addition, this evaluation
documented a positive association between health symptoms and perceived comfort.
This supports the findings of several other studies. No association, however, was
seen in this study, between symptoms and measured parameters of thermal comfort
(temperature and relative humidity). Again, the range of temperature was relatively
small and within normally acceptable limits, and the range of relative humidity readings
measured at the Madison Building was substantially better than that of positive studies.

4.3 Association of Health/Comfort Concemns and Workplace, Personal, and
Medical Risk Factors

Gender

As seen in many other studies of the office environment, it was noted in this
study that females tend to report more symptoms than males. The reason for this is
unclear. There are three possibilities: 1) that, for physiologic reasons, women do
indeed have more symptoms than men, 2) that, for cultural reasons, women tend to
report more symptoms than men, and 3) that women have more risk factors for the
development of symptoms than do men. Some evidence in this study points to the
last reason. For example, there are more women in the low pay category than men,
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stress. These risk factors appear to account for much of the overall difference in
symptom reporting seen between men and women. Although gender, when
considered by itself, was significantly associated with reports of almost all symptoms,
when a variety of workplace, personal, and medical {(W/P/M) variables were controlled
for, gender did not add any significance to the model for most of the symptoms.

Workstation Risk Factors

A number of workstation factors were found to be associated with a variety of
health complaints (at p<0.10). The most predominant of these was use of a
photocopier on the day of the study, which was significantly associated with eight of
the 14 symptom complexes (not including ergonomic symptorns), with odds ratios
ranging from approximately 1.5 to 2.5. These included a variety of types of symptoms,
including non-specific symptoms (headache, fatigue, mucous membrane imritation), as
well as fiu-like and respiratory symptoms, and tension and nervousness. Some
photocopiers are a significant source of volatile organic compounds, which have been
shown experimentally to be associated with such symptoms.® However, it is also
possible that factors such as intense light exposure, noise, and postures assumed
while photocopying may influence the development of symptoms.

Also associated with a variety of symptoms was the reported use of chemicals
or glues, such as white-out or other strong smelling chemicals. Six symptom
complexes were significantly associated with the use of such chemicals, with odds
ratios ranging from 1.9 to 3.2. Other workplace factors associated with several
symptoms included pay category (with high pay grades reporting fewer symptoms)
and hours at the workstation on the day of the study (with higher symptorn rates with
increasing hours at work).

A variety of work and non-work stresses are considered to be potential risk
factors for reporting health symptoms. Seven such types of stress were assessed in
this study, most of which were significantly associated with at least one symptom
complex. The most common of these was role conflict, which was a significant
predictor of 9 of the fourteen building-related symptoms and 2 of the four ergonomic
symptom complexes. These results suggest that role conflict is a potent job stress for
Library of Congress employees. Specifically, role conflict refers to the presence of two
or more conflicting demands from superiors, peers, and/or subordinates. The
conflicting demands may come from the same person or from more than one person.
The conflict may involve time, i.e., the employee is unable to perform two tasks at the
same time, or they may involve competing legitimate requests, one of which might
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negate the other (Superior A requests one thing while Superior B requests the

group.™

Non-work-related (external) stress was also found to be significantly associated
with several symptoms (primarily relating to headache, fatigue, mucous membrane
irritation, and dizziness). The external stress measure assessed a variety of domestic
and other non-work-related demands experienced by modern workers. These include
such things as having major responsibility for childcare, housecleaning, care of an
elderly person, and outside activities, including courses for credit, volunteer work,
second job, etc. Such demands may by themselves affect symptoms or add to or
interact with existing job stresses to exacerbate health problems. The establishment of
more flexible work schedules, part-time and job sharing opportunities, and parental
leave programs have been shown to help ameliorate health and organizational
consequences associated with these non-work demands. Further evaluation of the
potential for role conflict and other job stresses should be performed to assess the
potential utility of some of these interventions.

4.4 Risk Factors for Ergonomic Symptoms

Although the principal focus of this investigation was health concerns possibly
related to indoor air quality, in order to address other problems often encountered in
the modemn office environment, a number of questions were asked regarding
ergonomic stressors, such as chair comfort, work station design, and quality of
lighting. Two types of health complaints possibly related to ergonomic stressors were
assessed: muscle and joint pains (pain or stiffness in upper or lower back, pain or
numbness in shoulder, neck, hands, or wrists), and eye strain symptoms (dry, sore,
strained eyes, blurry vision, buming eyes). The analysis of these symptom complexes
(H5, H12, H9 and H18) identified several risk factors. In addition to a few personal
(education, financial situation) and job stress (role conflict, role clarity) factors, a
number of risk factors were identified pertaining to the work station itseff. For
example, the odds of reporting symptoms relating to muscle and joint pain among
persons who reported that their chairs were uncomfortable were approximately three
times the odds of reporting no such symptoms. Of the 2845 individuals who
completed Questionnaire 1, 1013 (37%) reported their chair was uncomfortable.
Significantly associated with the comfort of one’s chair was whether the chair was
easily adjustable. Over half (58%) of the respondents reported that their chair was
either not easily adjustable or not adjustable at all. Of those who reported their chairs
to be comfortable, 71% said the chair was adjustable. On the other hand, of those
with uncomfortable chairs, only 44% were adjustable.
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5. CONCLUSIONS AND RECOMMENDATIONS

The primary objective of this study was to assess the relationship between self-
reported responses (health symptoms, comfort concerns, odors noticed, perceived
indoor air quality, and mood states) and objective environmental measurements
(temperature, humidity, carbon dioxide, respirable suspended particulates, several
volatile organic compounds, and bioaerosols). With these objectives in mind, the
major findings are: '

1. The primary associations, both in consistency and magnitude, were observed
between health symptoms and both the perception of thermal comfort and the
perception of odors.

2. Few associations were demonstrated between symptom occurrence and objective
environmental measurements. Those that were seen were both sporadic and
small in magnitude.

3. No environmental contaminants were identified at levels above any relevant
criteria or standards, with the exception of one location at which an elevated level
of fungi was detected. (No elevation in fungi level was detected upon re-sampling
at this site.} Variability of these parameters was low (e.g., the standard deviation
for temperature was 1.3°F, and for relative humidity 4.7%).

4. This study assessed conditions for one week and provides measures at only a
single point in time. The values cannot be extrapolated to other points in time.

5. A variety of work station risk factors were identified for symptoms associated with
ergonomic stresses (hand, wrist, shoulder, neck, and back pain, as well as eye
strain). These included uncomfortable chairs, hours working at video display
terminals, and inadequate lighting {level of brightness and glare).

5.2 Recommendations

Although no measured environmental conditions were identified as risk factors
in the development or reporting of health symptoms, some areas of concern were
noted by the industrial hygienists during their evaluation of the building environment.

The following recommendations are provided in an effort to address these areas of
concemn.

Building Maintenance and Ventilation
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incorporated in the system’s current software. In this way, control system
problems, such as searching, could be monitored.

Filters of the maximum efficiency possible should be used in the air
handlers. Efficiency should be rated according to the ASHRAE dust spot
test and should be determined by an independent laboratory. Use of
newer design filters that are self-supporting should be investigated. Such
filters would be of a pleated or wire frame type. In any case, the filters
should be prevented from getting wet during cleaning of the HVAC heat
exchange coils.

The feasibility of repairing or replacing the current roll mechanrsms on the
roll filters should be investigated.

All building thermostats should be cleaned and checked for calibration,
condition, and location. Cleaning, maintenance, and calibration should be
performed according to the instructions of the manufacturer. Iif a
thermostat is obstructed so that free movement of air cannot take place
around it, it should be relocated. In addition, thermostats located away
from areas served by its designated VAV (variable air volume) box should
be relocated to within the area served by the VAV box. Each thermostat
should be checked to assure that the environment sensed at its location is
reflective of the entire area served by the VAV box. Pressure lines to
thermostats and from thermostats to actuators should be checked for any
obstruction.

All exhaust systems in the building should be checked to assure that they
are operating according to design. Problems of lack of exhaust flow from
areas such as lounges and bathrooms should be cormrected.

Drawings of the buildings mechanical systems should be updated and kept
up-to-date. During this process, all ducts should be inspected for
problems, such as leaks and attachment to luminaires.

Because of the widespread changes in the building from design, a
mechanical design firm should perform an audit of the building’s
mechanical systems. This audit should investigate design air volumes for
all spaces, the air balance of the current system, diffuser placement for
adequate air distribution to all locations, VAV box design parameters,
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problems with control of contaminant generation areas such as the print
shop, and the reason for the building being under negative pressure. A
remediation plan should also be developed and implemented to resolve the
thermal comfort problems in the building, the negative pressure problem of
the building, and air balance problems between the buildings. The
remediation plan should include a new theory of design for the mechanical
systems and controls.

8. Optimally, exhaust stacks on the roof should be extended. However, if this
is not possible because of building codes, the current fans should be
replaced with fans designed to exhaust contaminants far enough above the

building to prevent them from being rec::rculated Problems with standing
water on the roof should be corrected. = !

9. Because smoke from burning coal was smelled in one outdoor air chase
during the survey, the potential for and magnitude of outdoor air
contaminants entering the building through the air handlers should be

investigated. QOutdoor air contaminants of interest are SO,, NOX, and
ozone.

Job Stress

10. A consistent relationship was observed between symptom reporting and
the job stress related to role conflict. Only limited research evidence exists
which suggests means for reducing role conflict in organizations. However,
several organizational-level stress management approaches seem
promising. Goal Setting™ is one such approach, in which management
helps workers establish goals that are challenging, but not overly difficult,
that are meaningful, and can be used to provide employees with feedback
on their performance. If an employee knows what is expected on the job
and the time period in which the goals are to be achieved, the goal-setting
experience can reduce uncertainty and help reduce role conflict. Similarly,
programs designed to increase employee participation in decision making
may help reduce uncertainty and thereby role conflict.®!

Ergonomics



omice seaung and Other workstauon equipment. 1nere are several
references which may provide guidance in determining the adequacy of
existing equipment and purchasing new equipment, if necessary.3**
Ergonomically-designed equipment is only effective if those using it know
how to adjust it to their advantage. Appropriate training should therefore
be provided, addressing ergonomic principles and health concems related
to office work and VDT use. A joint labor-management committee is often
the best mechanism for addressing ergonomic problems. The mechanism
for reporting symptoms and referral for medical evaluation shoukd be
reviewed to ensure that early reporting is encouraged. Early identification
of symptoms and intervention can prevent more serious cases of
musculoskeletal and other cumulative trauma disorders that have been
associated with VDT work in other studies.
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Table 2-1

Variables Used in Data Analysis

1. Dependent (Outcome} Variables

| Health symptom Clusters

Indoor Air Quality /Respiratory:

H1) non-specific |AQ symptoms
H2) mucous membrane irritation
H3) H1 + H2
H4) flu-like symptoms
H6) headache and nausea
H7) nasal symptoms and cough
H8) chest symptoms

H10) throat symptoms

H11) tired/fatigue ,

H13) nervous system symptoms

H14) dizziness

H15) dry skin

H16) nasal symptoms

H17) eye irritation

Ergonomic /Strain:
H5) ergonomic symptoms
H12) ergonomic sx & muscle aches
H9) eye symptoms
H18) eye strain symptoms

N
"X,Y,aa,bb

Q2.1l. ars

c,d,k,n,q
a,c,dk,n,q,r,s
f.g.h,i,uv
a,b
cd.ef
g,h,i
-0,p.q

)
cc

cd.e
k,ln

Q2. lll. dd,ee,ff,gg

v,dd,ee,ff,gg
k,l,m,n
m,n

| Perceived Thermal Comfort

C1) too litte air, too hot/stuffy

Q2. . 1(2),2(1),5(2)

A2) 0=excellent,good,fair; 1=poor

C2) too dry 3(2)
C4) too much air, too cold 1(1),2(2)
| Seit-Reported Odors
02) body odor, cosmetics, foods Q2. 1. 8abe
Perceived Overall Air Quality
A1) O=excellent/good; 1=fair/poor Q2.1. 9

Self-Reported Mood States

M1) tension
M2) fatigue
M3) vigor

Q2.IV. f,h,ij,k,m,p,r

a,b,l,0,9,s,x
c,d,g,ntuvw

Q2 = supplemental questionnaire



Table 2-2

Variables Used in Data Analysis

A. ENRVIHOUNMENIAL FPAHAMEITEHS

1. Temperature/Humidity:

T1) mean temperature

T2) mean relative humidity

T6) maximum - minimum temperature
C1) too hot, stuffy, too little air

C2) too dry

CA4) too coid, too much air

2. Carbon dioxide:

T3) In {carbon dioxide)

3. Respirable Suspended Particulates (RSP):

T4) In (RSP): mean of 4 temporal measurements
VS5) In (RSP): integrated sample

4. Perceived Odor:

02) body odor, cosmetics, food smells

5. Volatile Organic Compounds:

V1) In (1,1,1-trichloroethane + tetrachloroethylene)

V2) In (benzene + toluene + TCE + ethylbenzene +
o- and p-xylene + n-octane)

V3) In (methylene chloride)

V4) In (total VOCs)

b 6. Bioaerosols:

B1) log,, (total fungi)
B2) log,, (total bacteria)
B3) log,, (total thermophilic bacteria)




Table 2-3

Variables Used in Data Analysis

If. Indenandent (Predirtorl Variahles

Type of workspace Q1: 1. 1a.
{enclosed, mid-height partitions,
other)

Years at workstation 1 Q1. 4a.

Near source of VOCs Q1. L. 7j,k.
(copier, laser printer)

Wood furniture Q1. . 7b,d,g.
Perception of lighting _ Q1.1 4,
(too little, just right, too much)
Presence of glare Q1. Ikt 5a.

(never/sometimes vs. often/always)
Ability to see window Q1. Il 6.
Comfort of chair Q1. 1. 7a.
Comfort of work table : Q1. 1. 8.

On day of monitoring:

hours at workstation Q2.1.3
went outside Q2. 1.4
used a copier (Y/N) Q2. 1. 5.
hours at VDT Q2.1.6
smoker or near a smoker Q2. l. 7a.
used or near humidifier Q2. 1. 7b.
* 1 used chemicals/glues Q2. I. 7c.
used or near computer Q2. 1. 7d.
used or near printer Q2.1 7e

Q1 = comprehensive questionnaire
Q2 = supplemental questionnaire



Table 2-4

Variables Used in Data Analysis

Q1: Ik 21.

Pay category [(GS 1-8; GS 9-12; Qt. V. 4a.
GS 13-18 (or equiv.)]
A) O=low+high; 1=middle
B) 0=low+ middle; 1=high

Lifestyle/financial situation
(lives alone; lives with others + sole support;
lives with others + shares financial support)

Education level
1 = grades 9-12
2 = 2 yrs college
3 = college/some graduate work
4 = graduate school/professional

Cigarette smoking Qi. 1. 6.
A) 0=non+heavy smokers; 1=light (none=0; light=1-10;
C) 0=non+light smokers; 1=heavy heavy= > 10/day)}

Wears contact lenses at work Q1. 1. 1b.

Wears contacts or glasses at work Qit. il 2.

Asthma Q1. I. 16.
Stress-Related Factors:

Job satisfaction Q1. V. 1 ad.
Role conflict Q1. IV, 4 a<.
Job control Q1. V. 5 a-c.
Quantitative Workload Q1. IV. 6 ad.
Utilization of abilities Q1. V.6 e-g.
Role clarity Q1. V.6 h-k.
External stresses Q1. V. 7 at I
! Q1 = comprehensive questionnaire

Q2 = supplemental questionnaire



Table 3-1

Number of Eligible and Actual Participants in Follow-Up Survey
(February 27-March 3, 1989), by Workstation Location'

437 (96%)° 348 (98%) 785 (97%)

375 (86%)* 299 (86%) 674 (86%)

Workstation Location: *High Symptom Areas® and 'Low Symptom Areas” based on
, responses to symptoms, Questionnaire 1. :

Percent of those who work in the area

Percent of those who were available on day of monitoring
Percent of those who completed Q2



- Table 3-2

Distribution of Dependent Variables
by Gender and Workstation Location’

535 38.8 46.8
490 36.0 419
56.6 420 51.1
60.8 458 54.0
54.5 36.0 445
65.1 57.2 62.4
71.7 57.9 65.4
745 50.3 58.4
67.6 66.7 72.0
27.7 184 - 235
24.1 149 19.4
30.2 225 27.2
319 22.1 27.4
26.2 16.8 21.0
35.8 28.3 33.0
51.3 38.8 45.6
46.9 32.9 39.7
54.2 45.7 51.4
11.8 7.0 9.6
6.9 5.0 5.8
15.1 9.4 126
27.5 20.7 24.4
24.1 14.9 19.4
297 27.5 29.9
40.6 30.4 36.0
37.2 29.2 32.9
429 31.9 39.0
25.2 20.4 221
24.8 18.0 19.4
255 23.2 25.3
375 299 674
149 161 310
226 138 364

' Workstation Location: *High Symptom Areas" and "Low Symptom Areas" based
on responses to symptoms, Questionnaire 1.



Table 3-2 (continued)

Distribution of Dependent Variables
by Gender and Workstation Location’

8.7 5.7 7.3
6.9 5.0 5.8
9.9 6.5 9.3

14.0 6.7 10.7
9.7 5.0 71
17.0 8.7 13.7

49.6 36.1 434
448 298 37.1
528 435 495

459 351 39.6
39.3 26.1 319
50.5 39.1 46.2

375 299
149 161
226 138

674
310

' Workstation Location: "High Symptom Areas" and "Low Symptom Areas® based

on responses to symptoms, Questionnaire 1.




Table 3-3

Distribution of Dependent Variables
by Gender and Workstation Location’

65.2 54.8 60.5
67.2 51.4 58.4
63.7 59.1 61.9

36.6 25,0 313
35.8 205 27.6
a7.1 30.5 34.4

15.3 12.1 139
15.7 9.6 12.4
15.1 15.3 14.8

32.1 296 31.0
24.8 236 243
37.4 37.0 36.7

375 299 674
149 161 310
226 138 364

' Workstation Location: "High Symptom Areas" and "Low Symptom Areas” based
on responses to symptoms, Questionnaire 1.



Table 3-4

Distribution of Dependent Variables

hv Randar and Warketatinn 1 nratinn?

Areas
12.3 9.4 11.0
123 8.1 10.0
12.4 10.9 12.1
38.9 33.8 36.6
38.6 28.6 335
39.2 39.9 40.4
10.1 8.4 9.2
8.3 8.7 8.4
11.3 8.0 9.9
10.9 10 11.0
10.3 10.6 103
11.3 11.6 11.8
7.6 8.0 7.8
6.2 8.1 7.4
8.5 8.0 9.1
0.3 1.0 0.6
0.0 0.6 0.3
0.5 1.4 0.8
375 299 674
149 161 310
226 138 364

' Workstation Location: "High Symptom Areas" and "Low Symptom Areas" based

on responses to symptoms, Questionnaire 1.



Table 3-5

Distribution of Dependent Variables
by Gender and Workstation Location’

375 299 674
149 161. 310
226 - 138 - 364

! Workstation Location: “High Symptom Areas" and “Low Symptom Areas" based
on responses to symptoms, Questionnaire 1.



Table 3-6

Distribution of Dependent Variables

by Gender

3 34 8.4 /0 4.6
3 31 8.5 7.0 4.8
3 34 8.4 7.0 44

7 32 12.4 11.0 5.8
7 32 12.2 10.0 58
7 31 126 11.0 5.7

8 40 19.4 20.0 6.6
8 40 20.0 21.0 6.7
8 39 19.0 200 6.6

E. MOOD STATE SCORES [Mean (Standard Deviation)]

Distribution by Gender and Workstation Location’

9.0 (4.9) 7.7 (4.0) 8.4 (4.6)
9.3 {5.3) 7.9 (4.2) 8.5 (4.8)
- 8.8 {4.5) 7.6 (3.9) 8.4 (4.6)

13.2 (6.1) 11.3 (5.1) 12.4 (5.8)
13.0 (6.3) 11.5 (5.3) 12.2 (5.8)
13.3 (6.0) 11.2 (4.9) 12,6 (5.7)

187 (6.6) 20.4 (6.6) 19.4 (8.6)
19.2 (6.7) 20.6 (6.7) 20.0 (6.7)
18.4 (6.5) 20.1 (6.6) 19.0 (6.6)

! Workstation Location: "High Symptom Areas* and *Low Symptom Areas" based
on responses to symptoms, Questionnaire 1.



Table 3-7

Distribution of Independent Variables
by Gender and Workstation Location’

Tlaan Ciandard Naviatinnil

:j Areas - Areas
73.5 (1.3) 73.1 (1.2) 733 (1.3)
73.4 731 73.2
73.7 73.1 73.4
495 (5.1) 50.3 (4.1) 498 (4.7)
49.3 49.8 49.5
49.7 50.9 50.1
622 (0.1) 6.21 (0.1) 6.21 (0.1)
6.23 6.20 6.21
6.21 6.21 6.22
1.64 (0.5) 154 (0.4) 1.60 (0.5)
1.60 1.53 1.56
1.67 1.55 1.62
1.84 (1.0) 1.76 (1.1) 1.80 (1.0)
1.86 1.74 1.80
1.82 1.78 1.80
3.44 (0.5) 3.40 (0.5) 3.42 (0.5)
3.51 3.39 3.46
3.38 3.40 3.38
3.58 (0.4) 3.50 (0.2) 3.55 (0.3)
3.61 3.51 3.57
3.55 3.49 354
1.40 (0.6) 1.27 {0.5) 1.35 (0.6)
1.30 1.31 1.30
1.47 1.22 1.38
-0.01 (0.5) 0.07 (0.3) 0.009 (0.4)
0.07 0.06 0.
0.03 0.08 0.03
347-370 274-299 621669
141-252 115-146 256-398
343 278-299 634-655
76 11 87

' Workstation Location: "High Symptom Areas” and "Low Symptom Areas” based
on& responses to symptoms, Questionnaire 1.



Table 3-7 (continued)

Distribution of Independent Variables
by Gender and Workstation Location’
[Mean (Standard Deviation)]

2.80 (0.5)
2.83
278

2.71 (0.6)
258
2.85

2.74 (0.6)
2.71
2.76

0.95 (0.74) 0.84 (0.60) 0.90 (0.68)
0.97 0.78 0.87
0.94 0.91 0.92

1.24 (0.74) 1.37 (0.62) 1.29 {0.69)
1.30 1.41 1.35
1.19 1.33 1.24

0.46 (0.56)  0.44 (0.68) 0.46 (0.61)
0.50 0.42 0.45
0.44 0.47 0.46

8.5 (1.4) 10.1 {0.0) 8.7 (1.4)
8.3 10.1 8.4
8.8 10.1 9.0

15.2 (2.9) 19.1 (0.0) 15.7 (3.1)
15.1 19.1 15.5
15.2 19.1 15.8

33.0 (11.9) 28.8 (0.0} 32.4 (11.2)
30.9 28.8 30.7
35.1 28.8 34.1

64.0 (10.5) 69.0 (0.0) 64.6 (9.9)
61.9 69.0 62.6
66.2 69.0 66.7

347-370

141-252
343
76

274-299

115-146

278-299
LA

' Workstation Location: "High Symptom Areas" and "Low Symptom Areas" based

on responses to symptoms, Questionnaire 1.



Table 3-7a

594

502 512 331

5.5 5.0 1.3 20.5

17.8 16.0 3.2 37.3

52.9 43.3 26.0 | 210.0

37.2 32.6 18.2 | 120.3
4.8 3.2 . 1.8 25.7
1.1 1.0 0.4 3.5
55 10 0 1637
49 28 0 370
12 0 0 223

'VOC1 = TCA + tetraCE
2y0C2 =
n-octane

3 VOC3 = methylene chloride
* VOC4 = total VOCs

benzene + toluene + TCE + ethylbenzene + 0- & p-xylene +



Table 3-8

Distribution of Independent Variables
by Gender and Workstation Location'

T T, L R el

55.1 61.3 |
52.5 60.4 |
58.2 61.5 |
26.2 21.3
22.5 18.2
30.6 24.6
34.1 32.3
29.2 25.2
139.9 39.3
575 56.2
 60.2 57.4
54.3 56.0
27.5 27.5
28.5 24.8
26.3 29.9
19.9 22.9
17.1 22.2
23.3 23.5
21.4 22.1
21.5 20.9
21.3 22.6
28.7 20.6
27.6 22.3
29.9 19.1
37.4 38.5
35.5 35.1
39.5 41.1
30.4 32.3
32.9 32.4
27.5 32.2
53.4 52.8
58.4 57.3
47.4 48.6

' Workstation Location: "High Symptom Areas™ and "Low Symptom Areas” based
on responses to symptoms, Questionnaire 1.



Table 3-8 {continued)

Distribution of Independent Variables
by Gender and Workstation Location’

gt oA g

27.7
26.2
28.8

65.2
61.5
69.6

68.5
65.5
71.6

49.2
41.0
58.7

Distribution of Continuous Variables {(Mean)

50.7
45.2
55.9

4.9

5.2

4.6

4.6

4.7

4.6
1.4 1.3 1.3
1.4 1.3 1.4
1.4 1.3 1.3

' Workstation Location: "High Symptom Areas™ and "Low Symptom Areas"” based
on responses to symptoms, Questionnaire 1.



Table 3-9

Distribution of Independent Variables
bv Gender and Workstation Location®

39.7 53.8 46.0
45.0 43.0 44.1
51.9 45.3 48.8
40.4 40.2 39.8
10.8 22.2 15.9
14.1 26.4 20.6
g6 | . 17.2 12.3
12.4 11.6 12.1
13.1 11.9 12.5
11.9 11.3 11.7
58.3 62.0 60.0
54.5 64.8 59.9
61.0 58.6 60.1
16.6 17.5 17.0
16.7 16.9 16.8
16.5 18.2 17.2
26.4 25.3 25.9
25.0 24.4 24.7
27.4 26.3 26.9
33.1 39.4 36.0
45.1 45.6 45.4
25.0 32.1 27.8
7.9 6.1 7.1
5.5 6.9 6.1
9.6 5.2 7.5
7.2 6.8 7.4
12.4 5.0 8.4
4.8 8.9 6.1
16.7 13.4 15.2
12.6 10.8 11.8
19.6 16.4 18.5

! Workstation Location: "High Symptom Areas” and "Low Symptom Areas” based
on responses to symptoms, Questionnaire 1.



Tabie 3-9 {continued)

Distribution of Independent Variables
by Gender and Workstation Location®

43.3
41.0
2.6
. 2.5
2.6 2.6
1.5 1.5
1.5 1.6
1.5 1.5
2.8 2.7
2.9 2.8
2.8 2.7
3.3 3.4
3.3 3.3
3.9 3.4
3.2 3.1
3.2 3.1
3.2 3.2
4.0 4.0
4.0 4.0
3.9 4.0
1.8 1.9
1.7 1.7
1.9 2.0

' Workstation Location: "High Symptom Areas” and "Low Symptom Areas”™ based
on responses to symptoms, Questionnaire 1.



Table 3-10

Summary of Regression Results’

(See Appendix E for complete resuits)

' Adjusting for potential confounders
+ /- 0.01<p<0.05; + + /- p=<0.01 {Sign denotes direction of effect)

++ | ++ | ++ + I
++ | ++ | ++
+4+ | ++ ] ++
++f + +
+ ++ ] ++} +
++ | ++
++
++ | ++
+ ++
+
+ -
++ | +
++ | ++ I
+ ++ | + ++
+ +
+
+ ++ | ++ | ++
++
+ +4 200 | 00 | XXX
- 200C |1 X080 | XXX
- ++ 200 | XXX | XXX
++ | ++ | ++ ++
++ ++
++
+
I




Table 3-10 (continued)

Summary of Regression Results’

——

_ H2) mucous membrane:

++

++

++

+4+

++

++ |

++

++

++

' Adjusting for potential confounders
+/-: 0.01<p<0.05; ++/-: p=0.01 (Sign denotes direction of effect)



wUNgress (wuestonnare 1)

. Indoor Air Quality and Work Environment Follow-up Survey: Madison Building,
Library of Congress (Questionnaire 2)

. Description of Job and External Stress Scales

D. Prevalence of Positive Symptoms Defined by Questionnaires 1 and 2

(Among Persons Completing Both Questionnaires)

. Summary of Stepwise Regression Analyses: Evaluatlon of
Workplace/Personal/Medical Variables _

- Summary of Regression Analyses of Environmental Parameters: Odds Ratios
Controlling for Workplace/Personal/Medical Factors



APPENDIX A

INDUUR AIK WUALIIY AND
WORK ENVIRONMENT SURVEY

MADISON BUILDING, LIBRARY OF CONGRESS

We are investigating the alr quality and work environment in the Madison
Building. We need intormation about your work environment and how it affects
you. This information is not available anywhere eise. Therefore, we must rely
on your answers to this survey, along with monitoring of environmental
conditions in the Madison Building, to cleatly anatyze the situation. We need

your participation, regardiess of how satisfied you are with the air quality or your
work environment,

DO NOT PUT YOUR NAME ON YOUR QUESTIONNAIRE OR THE RETURN
ENVELOPE PROVIDED. PLEASE PUT YOUR COMPLETED QUESTIONNAIRE IN
THE RETURN ENVELOPE. SEAL IT AND TAKE IT TO ONE OF THE RETURN
BOXES NEAR THE ELEVATORS AND BUILDING EXITS.



adz1


1 b A% e 1 1kl ¥ lamd %’ B U

COMPLETING QUESTIONNAIRE

Many questions in the questionnaire concern either last week or last year. By
"LAST YEAR" we mean the 12-month period ending today. H you have worked
in the Madison Building for iess than one year, answer the "LAST YEAR"
questions only for the part of the year that you worked in the Madison Building.

Please report your ACTUAL EXPERIENCES LAST WEEK even if last week was
unusual for you. By "LAST WEEK" we mean any or all days worked from last
Monday through Friday.

CONFIDENTIALITY

To protect your privacy, the identification for your questionnaire is the bar-code
label on the cover. The bar-code cannot be read by Library of Congress
computers or staff. Additionally, the survey forms will be gathered by staft from
Westat, Inc., an independent survey research firm, and processed away from
the Madison Building. Your name and other information necessary for the
survey and analysis that might identify you, such as your room and telephone
number, will not be disclosed to individuals, unions, or management of the
Uibrary of Congress. Reports of the survey will not give your name, nor will data
be presented in such a way that you, or anyone eise, could be identified.

STUDY SPONSORS AND ORGANIZATION

The study has been developed and is being conducted by the National Institute for Occupational
Safety and Health {NIOSH), the Environmental Protection Agency (EPA), the John B. Pierce
Foundation Laboratory at Yale University, and Westat, inc. R is being supported by funds from
NIOSH, EPA, the Library of Congress, and the Department of Energy.
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This section asks you 1o describe your workstation.
Your answers to these questions will help us to
construct a picture of your work surroundings.

By WORKSTATION we mean your desk, office, cubicle,
or place that is your primary work area. This descrip-
tion is obvious for many peopie, but more difficuit for
those whose jobs require them 10 move about the
building. f you do move about the bullding, your
workstation is the specific location where you spend
more time than any other singie location. [f your
workstation has been relocated, use the jocation
where you are now.

1. There are many different types of workstations.
Please check the categories that best describe
the space in which your current workstation is
located.

a. Typeof space (Check one)
1.
2

Enciosed office with door
Cubicie with floor to cefing book-
cases or partitions and no door

Cubicle surmounded by mid-height
bookcases or partitions

Open office area
Stacks

Loading dock, laboratory, copy
center, or print shops

. Work all around the building
8. [ Other (specily)

3.

O oo o 0ao

b. Type of space sharing (Check one)
1. [ single occupant
2. [ Shared with one other person

3. [ shared with two or more other
persons

4. [ Other (describe)

2. How many years of service do you have with

the Library of Congreas? (Enter number of
months if lass than one year.)

months

e _Yyears

How many years have you been working
in the Madison Building? (Enter number
qfnm:'flessthanoneyear.)

months

-

b. During a typical week, how many hours do
you spend in this building?

hours per week

How many years have you worked at your
current workstation? (Enter number of months
it less than one year.)

months

years

b. During an average workday, how many hours
do you spend at your workstation?

hours per day

5. How many days did you work in the Madison
Building last week?

days last week



AM PM Aems s (/7 yOU WOrKeg warn an irem al all, but less
a. Amveatwork _ O 0 than 1 hour, enter 1 hour per day.)
b. Lasave work : O 4 Hours
c. Varies (describe) per day
a. Computer or word processor
with screen/keyboard .......
b. Photocopymachine ........
¢ Photographic developing |
7. Which of the following items are presently located and processing ............. —
within 15 feet of your workstation? (Check 'no”" or d. Printing processing (press
‘yes*® for each item.) bincling materials, etc.) .. .. ..
No Yes e. -Other chemicals such as
1 2 glues, adhesives, cleansers,
a Metaldesk ............... O O bestiides ete. L
b. Woad or composition desk O O
¢. Metal bookshelves or
bookcases ............... O O
d. Wood or composition
bookshelves or bookcases O 4d NOTE: ::o;:nwwtedhmlhdisonam
. than a year, answer the following
e. Fiecabinet(s)............. o 0 Questions for the part of the year that you
f.  Other metal fumiture ....... O 0Od worked in the Madison Buiiding.
g. Other wood or composition
fumiture ... ............ g Od 10. Were any of the following items regularly used
atl your workstation during the LAST YEAR:
h.  Fabric-covered partitions g 0O (Check 0" or 'yes" for each item.)
L Portable humidifier .. ....... O g
. No Y
j. Laserprnter.............. O O ) ?
Photocopy machine . . ...... O O4d a Portablefan............... O O
L Uveplants ............... 0 O b. Portable air fiter, or cleaner,
of negative-ion generator . . | A
c. Porableheater ............ O O4d
d. Desklamp ................ O 0O
8. s there carpeting on most or all of the floor at
your workstation?
1. [J No
2. [ Yes
2




changes taken place within 15 feet of your current teaks from the celling, floors, walls, or pipes
workstation? (Check "no" or “yes" for each item.) near your workstation?

1. O Ne
ZDYes

P A p TP

i %

ood g
OO0 goOde§

5
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This section asks questions about the status of

your heaith and weil-being. Your answers to these
questions will help us construct a profile of the health
status of the employees in the Madison Bullding.
Please answer all the questions even if you don't
associate these health conditions with your work.

1. a. Do you wear contact lenses?
. [ Never — [Gowoz ]
2. [] sometimes
3. [ Often
4 D Always

b. Do you wear contact lenses at work?
1. [] Never
2. [ sometimes — [Go0Q.2 |
s O onen — [Gowoz |
+ O vy — [Gowaz |

c. [If never worm at work, why?

2. Duwring work, how often do you wear eyeglasses
(NOT inciuding comacts) for ciose-up work?

1. [ Never
2. [[] Sometimes
3. O ofen
4, L__]Nways

3. Which of the following best describes your

5.

history of smoking tobacco products such as
cigarettes, cigars or pipes?

1. Navermﬂuad—»
2 [ Fomersmoker— | Go0 Q.7 |

3. {J Cument smoker

Do you smoke tobacco products at your
workstation? ‘

. [J Never

@ N

i

Do you smoke tobacco products elsewhere at

‘work?

000
a1

In & typical 24 hour day, how many CIGARETTES
do you usually smoke?

1 None
1105
6to 10
11020
211030

31 or more

ODo0000

o ;oA N



Please answer the three questions you have experienced this | LAST WEEK you ,ch;nge when ’
to the right about each szm?tom symptom while working | experienced this | not at work?
:i':ed below, mm;:‘::;e in the Madison Building. symptom while

Madison Buliding. working in the

(For each symptom, answer the first Madigon Building.

question. if the response is "never,” Some- Gets Stays Gets
Qo down 10 the hext sympiom.} Never Rarely times Ofwen Aways | (Fill in No. of days) | Worse Same  Beter

wheezing or whistiing in chest ..

shortnessofbreath ...........




{continued)

tension or nervousness ........

pain or stiffness in upper back ..

pain or stifiness in lower back ..

m“l.r;wnul‘m:'l Ih"j;*
symptom while working
in the Madison Building.

Ll "4 II-I' U."
LAST WEEK you
experienced this

{F& in No. of days)

a!’lllplu‘lll uﬁuﬂlly
change when
not at work?

Gets
Better




to your symptoms described in Question 7.
i you reported that you never experienced
any of these symptoms, go to Question 12

8. How often during the LAST YEAR have any of

your symptoms reduced your ability to work in
the Madison Buliding?

1.
2.
3. [ Sometimes
4.
S.

during the LAST YEAR?

1. [J Never —| Go10Q.70
2 [ Rarety

3. [ Sometimes

4. [ onen

10. in which season(s) are you bothered more by the
symptoms you reported in Question 7? (Check alf
that apply.)

1. [ winter

2. [J Spring

3. [] Summer

4. [] Fat

5. [ No relation to seasons

e mmwm W e g —— — — - — e = - - JEp—

12.

13a.

14.

15.

repc':rted in Question 7 with vc;ur ‘work In the

Madison Building?
1O

2. [J Yes

b. Have these symptoms:

1. [ improved over the last year
2 [ become worse over the last year
3. [ stayedthe same

During the' LAST YEAR, have you had an Hiness
in which you had repeated episodes of THREE
OR MORE of the following symptoms at the same
time: wheezing, cough, shoriness of breath,
fever, chills, aching joinmts/muscles?

1. [ No

2 [ Yes

During the LAST YEAR, have you had any chest
Minesses, such as bronchitis or pneumonia,
that have kept you off work, indoors at home,
or In bed?

1. [ No

2 [] Yes

Has a physician ever told you that you have, or
had, eczema?

1. [ No

2. [ Yes

During the LAST YEAR, have you had any
episodes of wheezing (whistling in the chest)
WITHOUT fever, or chills, or sore throat?

1. [ No

2. [] Yes



18.

i. O No
2 [ ves

b. In what year was it first disgnosed?
19

c. Have you had an asthma sitack during the
LAST YEAR?

1. [J Neo

2 [ Yes

cmmhuuhsmwkhghme
Blildingwihywhulhheloreyou
began to work in the Madison Building . .

8. ...doYyou have infections (e.g., coids, flu,
bronchitis, etc.) . . .
1. [0 more frequenty?.
2. [ lessfrequenty?
3. [0 withthe same frequency?

b. ...do yourinfections (e.g., colds, fiu,
bronchitis, etc.) tend to .. ..

1. {71 lastionger?
2. [ tasta shorter amount of time?
3. [ tastabout the same amount of time?

Do you believe you are or may be ailergic to
any of the following? (Check "no" or "yes™ for
oach item.)

No Yes

1 2
a pollenorplants ........... O 0O
b. animals .................. O ]
c. dust..................... O O
d molds ................... O 0O
e. Other(specity) ............ O .

T ey e

FIESPIRA'I'ORY IRRITATION at you' ‘'workstation
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1. ' Neo

2.|:]Yes

1. [ Male
2. [] Female

21. How okl are you?

—_— yoars
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This section asks you 10 report specific responses to the physical environment at your present workstation. You
or a co-worker may have altered youwr work environment with a portable fan, heater, humidifier, etc. If so, please
tell us how your work environment would have been without this equipment.

1. At present workstati
HOVV:‘;FI'EN o . . . during the LAST YEAR . . . during the LAST WEEK
(Please check one box for
last yoar and one box for Some- Some-
last week.) Never Rarely times Often Always | Never Rarely times Often Always

d. the 1 3 4 5 1 2 3 4 5
w0 O O O Olo 0 o o o
S el O 0 ala d a g b
{. did you want
to adjust the 1 2 3 4 5 1 2 3 4 5
temperature? . ...... O ] ] g O B ] ] ] |

I wasthe airtoo 1 2 3 a4 5 1 2 3 4 s
swity? ............ | O O 0O 0O 0O O a 0O O O

1 2 3 4 5 1 2 3 4 5

k. was it too noisy? .... Il O O OJ O O | | i ]
1 2 3 4 5 1 2 3 4 5

I wasittooquiet? .... | [0 [ O O O O O O O O
m. was the work 1 2 3 4 5 1 2 3 4 5
sreatoodusty? ..... | [] [J O O 0O O 0O 0O O O

10



you noticed any of these types of UDORS &t your
present workstation? (Check one bax for each item.)

h in which seasons would you most like to adjust
the physicat conditions around your workstation?
{Check all that apply)
[N None Winter Sprng Summer Fall
1 2 3 4 5
awrmovement ... [] O O O 0O
1 2 3 4 5
I Temperatwre.... (] [0 O O O
3 2 3 4 5
Humidity ....... O O O 0O O
1 2 a 4 5
K. . Odors ......... W O O O O

11



] Aite toodim
[ Justright

] Amte too bright
] Much too bright

moa @R

S. a. Do you sxperience a reflection or "glare”
in your fleld of vision when at yowr

[J Never —— [GowG5s]
[ Sometimes
[ onen
0

3

1.
2
3.
4,

b. Where does the reflection or glare come
from? (Check all that apply)

[J Window, sunlight, outside refiection
7] Overhead fiuorescent lights

[ Video display screen and/or
reflections when looking at screen
[J besktamp
[3 other (specity)

6. Can you see out an outside window from your
workstation?

1. [OJ Neo
2. [] Yes

12

~
b. s your chair easlly adjustable?

1. [ Ne

20 Yes

'3.. [0 Not adjustable

8. How comfortable is the current set-up of your
desk or work table (that is, height and general
arrangement of the table, chair, and equipment
your work with)?

Reasonably comfortable

Somewhat uncomfortable

Very uncomiortable

Don’t have one specific desk or
work 1able

aopop oo
gooaa

9. a Duwring the LAST YEAR, how many times
per week did you go outdoors, weather
permitting, during work hours (for lunch,
break, or other reasons)?

__time(s) per week — | If zero, goto Q.10 |

b. How many of these times did you go
outdoors primarily to get some fresh air?

____ time(s) per week for fresh air



physical environment at your workstation,
that is, the air quality, temperature, light,
noise, odor, etc.

10. During the LAST WEEK, how satisfied were you

with the physical environment at your workstation?

1. [J Very satisfied

2 [[] Somewhat satisfied
3. [ Nottoo satisfied
4. [] Notat all satisfied

. During the LAST YEAR, how satisfied were you
with the overall physical environment at your
workstation?

Very satisfied

§
|

1.
2
3.
4,

environment in the vicinity of your workstation:

1. [] improved
2. [] become worse
3. [ stayed the same

13. During a typical work day, does the overall
physical environment in the vicinity of your
workstation:

1. [[] improve during the day
2. [ become worse during the day
3. [ ] staythe same

13



This section asks you to describe your job in terms 2
of specific quaiities. In order to gain a better under-
standing of your work environment, we would tike to
know how you feel about your job situation. As stated
before, your responses will be kept confidential.

1. We would like you to think about the TYPE OF
WORK YOU DO IN YOUR JOB. (Check one bax
for each statement)

b. Knowing what you know now, if you had
to decide sgain whether 1o take the job

you now have, what would you decide?
Would you . . .

1. [ Decide without hesitation to take the
same job
2 [ Have some second thoughts

3. [0 Decide definitety not to take the same
job

¢. [ you were free right now to go into any type
of job you wanted, what would your choice
be? Would you. ..
1. [:l Take the same job
2 [ Takeadifferent job
3. [0 Notwanttowork

d. I afriend of yours tokl you he/she was
interested in working in & job like yours,
what would you tell him/her? Would you . ..
1. O Strongly recommend it
2, D Have doubts about recommending i
3. [ Adviseagainstit

14

for advancement at the Library of Congress?
Very satisfied

Somewhat satisfied

Not too satisfied

Mot at alf satishied

T
agoaad



someone may ask you to do wark in 8 way whieh
is different from what you think is best, or you
may find that it is ditfcult to satisty everyone.
HOW OFTEN do you face problems in your work
like the ones listed below? (Check one box for
each siatement)

a.
rank and authority
over you ask you
to do things which

other work you
havetodo. ...........

WHIUETICE FUL IIUTE SMATE S8 waawrns Sy = =i gy = e
at work. By influence we mean the degree to
which you control what is done by others and
have freedom to determine what you do yourself.
(Check one bax for each question)

a. How much
‘Influence do
you have over
the amount of
workyoudo?......

b. How much
influence do
you have over
the avaiiability
of materials
you need to
do your work? .....

¢. How muchdo

in your work
group? .......-...

d. How much
influence do
you have over
the amangement
of fumiture and
other work equip-
ment at your

15
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How often does
your job require
you to work

How often does
your job leave

you with little
time to get

things done? ......

How often Is
there a great
deal to be

done?............

the things you
dobest?..........

you clear on
what your job
responsibilities

How often can

you predict
what others




_—————— - —- e ——

of questions deals with other significant aspects
of your life. (Check “no* or "yes" for each question)

No Yes
1 2
a. Do you have children
athome? ............... O Od
b. Do you have major
responsibility for
childcare duties? ........ 1 ]
c. Do you have major
responsibility for
housecieaning duties? .. | O
d. Do you have major
responsibiiity for the
care of an eiderly or
disablad parson ona
regular basis? ........... O O
e. Are you taking courses
for credit toward &
degree or & diploma? ..... O O

f. Do you have a regular

17
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This section conclides this survey. Your answers 4 a
to these questions, like your answers to the previous
questions, will be kept confidential. This information
is needed for siatistical purposes.

What is your pay plan and grade {(e.g.,
GS-5, GM-14, SES-2, WG-2, etc.)?

1. What day of the week did you compiete this b.

Which of the following best describes your
survey?

job duties and responsibiiities? (¥ more than
one applies, chack the ONE box for the job

1. [J Monday duties on which you spend the most time.)
2. [ Tuesday 1. I:I Managerial (such as administrator,
3. ] Wednesday © manager, etc.)
Thursday 2. [ Professional (such as engineer,
* E]} scientist, lawyer, etc.)
> i 3. [ Technical (such as technician,
programmer, etc.)
2. Which of the following best describes your cument 4. [] Administrative Support (such as
living and financial arrangements? clerical, computer operator, etc.)
: 5. [] Service (such as health services,
1. Live alone, sole provider of rent/mortgage, o
L utlities, food, and other living expenses food preparation, janitortal, etc.)
. . 6. [] Craftsman (such as mechanic,
2. [J] Uwealone, but receive assistance from repairer, eic.)
one or more others in paying rent/mortgage,
utitities, food, and other living expenses. 7. [OQ Operator or taborer
3. [ LUvewith one or more other persons, but [ Other (specity)

sole provider of rent/mortgage, utilities,
food, and other living expenses.

Live with one or more other persons who

help to pay rent/mortgage, utilities, food,

4 []

The following information is needed so that your
workstation can be located within the Madison

Building. This is necessary $o that we can relate
your responses to the air measurements that will

3. What is the highest grade you completed in be taken in a few weeks. As with the rest of the

school? questions in this survey, this information will be
kept confidential. Please tell us:
1. [ sthgrade orless
2. [ oth, 10th, or 11th grade 5 s Your :
3. [ High school graduate
a. [ 2 years of college or Associate Degree
5 Bachel technical degree
a or's of °d b. Your workstation telephone number (your
6. [ Some graduate work direct or private number, not your “section”
7. [0 Graduate or professional degree or “division” number.)

18



Building? If so, please use this space provided for that purpose.

Please put your completed questionnaire in the return envelope provided. Seal it and take it to one of the
return boxes located near the elevators and building exits.

PLEASE READ THE NEXT PAGE

18
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in a few weeks we plan to conduct air measurements in the Madison
Bullding. At that time people whose workstations are close to the air
measurement locations will be asked a few additional questions. You
may be recontacted at that time. '

Thank you very much for your time and patience in filling out this
questionnaire.


adz1
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APPERDIX B

INDOOR AIR QUALITY AND WORK ENVIRONMENT
FOLLOWUP SURVEY

THE MADISON BUILDING STUDY

Measursments of a variety of environments! conditions are being taken in your work area
throughouwut the day TODAY. To help determine how these measurements relate to your comfort
and hoslth, please compiets the atiached questionnaire. Your participation in this part of the
evaiuation of the Madison Building is, of course, voluntary.

Your compisted questiohnaire will be collected by and analyzed by NIOSH, Yale and Westat
and WILL NOT BE SEEN BY LIBRARY OF CONGRESS MANAGEMENT OR UNION
REPRESENTATIVES.

So that we may combine your responsess to this questionnaire with the questionnaire distributed
tivee weeks ago, we need you to print your name below. As soon as we have matched your
questionnaires, we will remove this cover shest and save this questionnaire without your name
on it. At that time, we will als0 remove your name from the final combined data file.

YOUR FULL NAME: ——— _
{ploase prirt} FRST MIDDLE LAST

Please compiete this questionnaire even if you did not complete the questionnaire distribuied
previously.

Allter you compiete this questionnaire, plesse piace it In the atiached envelope and seai it. A
study investigator will collect it from you.

THANK YOU FOR YOUR PARTICIPATION IN THIS SURVEY.




INDOOR AIR QUALITY AND
WORK ENVIRONMENT STUDY

Your answers to the following questions will allow
a better interpretation of the environmental
measwtrements taken TODAY in the srea around
your workstation.

1.

Did you compiste and returm the green-covered
Indoor Alr Quality and Work Environment

questionnaire distributed disring the week of
February 6, 19897

1. [ Ne

2 [] Yes

Have you been in the Madison Building at least
4 hours yet TODAY?

1. [ Neo

2 [ Yes

How many hotr's (o the nearest 1/2 hour} have

you spent at your woricstation TODAY? (Enter
0 ¥ you have not been at your workstation today.)

hours this moming (before 12:00 noon)

Since you arrived at work TODAY, have you
gone outside (for lunch, break, or other
reason)?

1. [J No

2. [ Yes

5. How many howurs (1o the nearest /2 hour)
have you spent TODAY working at a photo-
copy machine?

hours

8. How many hours (to the nesrest 1/2 hour)
have you spent TODAY working at a video
display terminal?

hours

——————

7. During the day TODAY, have you or anyone
else performed any of the following activities
at or near your workstationr’? (Check "no® or

“yas*" for each itemn.)
No Yes
1 2
a Smoked tobacco ...... g0 O
b.  Used a humidifier . . . ... O 4
c. Used a cleanser, giue,
white out, of other
strong-smeliing
chemical ............. O O
d. Used a computer or
word processor . ...... O O
e Usedaprnter......... (| O



and one bax for this afternoon.)

2. Has the TEMPERATURE been:

4, Has the NOISE LEVEL been:

6. Has your work area been
TOO DUSTY?

This MORNING This AFTERNOON
. [J wohot 1. [J toohot
2 [] toocoid 2 [ toocold
3. [ justright 3. ] lustright
1. [J tooloud 1. [] teoloud
2 [J tooquiet 2 [] tooquiet
3 [ justright 3 O justright
1. [J Neo 1. ] No

2 [J Yes 2. [] Yes

7. a. Would you like to adjust any of the above conditions?

v O No——[G535]

2 [ Yes

b. If yes, which condition(s) would you adjust?




Have you noticed any of these types of ODORS at 9. How would you judge the overall air quality in

your workstation TODAY? (Check one box for each the Madison Building TODAY?
item.)

1. [ Excefllent

2. [J Good

3. {] Far

4 [ Poor




Have you experienced any of the following
symptoms while at work in the Madison
Building TODAY? (For each sympiom,
answer "na" or "yes." If your response is
"no," go down to the nexd sympioin.}

fi. pain or numbness in shoulder/neck ..
gg- pain or numbness in hands or wrists .

IF YES, when did this symptom begin? |

BEFORE
ARRIVING
AT WORK

THIS

MORNING AFTERNOON

AT WORK

THIS

AT WORK

b il s
. . .

oo

2
2 []
2. [

miu]n}

2
2 [
2 [J

el
a(d
3.0




V.

The quality of indoor air and other
working conditions may influence the
way a person feals. For each of the
following, pleass indicates how you
have been foeling TODAY. (Check
one bax for each item.)

c. fively ... ..ciciiiinicrennnnnnns
d. sctive..........c.iiecicanncanas

1

L inigued ..cuvevrnrninnnns

p. amdous ....... 1. 2dJ aQd 4[] 5[:]

What time is it now?

PM

Thank you for your time and patience in filling out this questionnaire. Your answers to this questionnaire,
like the previous questionnaire, will be kept confidential.



ADDEMNMNIY ™

A series of questions was asked in Part IV of Questionnaire 1 to assess aspects

of job satisfaction, and sources of work-related and external stressors. The questions
used in this questionnaire have been validated in previous job stress studies and were
chosen because of their reliability in measuring work and non-work stressors.”*3¢
These questions were combined to form 7 scales as outlined below. Each scale was
constructed so that higher values mean “more" and lower values mean "less" of the
stated characteristic (e.g., a high score on "job satisfaction® indicates a high degree of
satisfaction; a high score for “workload" indicates a perception of heavy workload.

Job Satisfaction:
As perceived job stressors are often found to be hnghly related to reports of job
satisfaction, a measure of global satisfaction was included to provide a rough

index of overall job stress level. Items from Question 1 (Q1, Part IV) are
combined to form this index:

Job Satisfaction = ((5-Q1a)+ (4-Q1b)+ (4-Q1c)+(4-Q1d))/4
The potential range of scores is 1 to 3.25.

Role Confiict:

Role conflict, which occurs when behaviors required of a worker are viewed by
the worker as conflicting or incompatible, is a common stressor found in the

modemn work environment. ltems from Question 4 (Q1, Part IV) are combined
to form this index:

Role Conflict = (Q4a + Q4b + Q4c)/3
The potential range of scores is 1 to 4.
Job Control:
Job control has been associated with psychological and physical health
complaints. This scale assesses control over workload, resources needed to
do the job, policies and procedures at work, and workstation surroundings.
This scale is based on responses to Questions 5a-d:

Job Control = (Q5a + Q5b + Q5¢ + Q5d)/4.

The potential range of scores is 1 to 5.



VYN RPN B

1o a variety of health complaints. ems from Question & are combined to form
this scale:

Workload = (Q6a +Q6b + Q6c + Q6d)/4
The potential range of scores is from 1 to 5.
Utilization of Abilities:
This measure assesses the extent to which workers are required to use their
skills and knowledge in completing their work. Underutilization of abilities is a
highly prevalent stressor thought to produce a variety of health complaints.
Questions 6e-g (Q1, Part IV) are used to form this scale:

Utilization of abilities = (Q6e + Q6f + QB6g)/3.
The potential range of scores is from 1 to 5.
Role Clarity:
Role ambiguity may be caused by a lack of certainty regarding expected role
behaviors in the job environment. This scale, referred to as role clarity to
correspond to the positive direction of the scale, is derived from Questions 6h-k
(Q1, Part IV);

Role Clarity = (Q6h + Q6i + Q6] + Q6k)/4

The potential range of scores is from 1 to 5.

External Stress:

External stressors are important to assess because non-work demands can
increase the level and nature of work demands and vice versa. Work and non-
work demands may interact to increase symptom reporting. This scale is
derived from Questions 7a-f (Q1, Part V), so that the value is equal to the
number of external stressors reported:

External Stress = (Q7a + Q7b + Q7c + Q7d + Q7e + Q7f)-6

The potential range of scores is from 0 to 6.



Appendix D

Prevalence of Positive Symptoms Defined by Questionnaire 1 and Questionnaire 2
(Among Persons Completing Both Questionnaires)

1.5% 14.2% 5.3%
10.4% 24.0% 14.7%
26.7% 39.3% 28.9%
14.6% 36.9% 18.2%
6.2% 20.5% 13.0%
2.3% 6.4% 3.5%
2.1% 11.7% 4.6%
2.1% 88% 5.3%
24.0% 435%. - 28.4%
26.8% aa4% ' 24.1%
7.4% 18.1% 7.2%
12.9% 29.2% 15.4%
2.9% 13.9% 4.7% }
. 3.0% 9.6% 5.2%
12.0% 24.5% 22.0%
23.2% 35.2% 14.4%
26.9% 53.1% 32.2%
11.6% 23.1% 11.9%
1.1% 3.1% 0.6%
6.6% 16.0% 6.3%
2.2% 9.8%

4.4% 18.0% —I
7.0% 21.5%

11.5% 33.4%

7.8% 26.7%

9.0% 13.9%

10.7% 20.6%

8.8% 21.7%

8.3% 20.0%

42% 10.4%

' Q1: Sympiom occurred "often” or "always® in past year; got better away from work
2 Qt: Symptom occusred "sometimes,” “often” or "always"; got better away from work
* Q2: Symptom occurred on day of monitoring and began after coming to work



Appendix E

Preliminary Stepwise Regression Analysis
Evaluation of Workplaee/Personal/Medieal Variables

A. HEALTH SYMPTOMS (building-related symptoms)
—_—————— b

school (HS vs other)

external stress 1.25 (0.01)
used copier 1.95 (0.003)
role conflict 1.51 {0.01)
utilization 0.83 (0.03)
gender 0.68 (0.05)
hrs at workstation 1.12 (0.06)
gender 0.51 {(0.0007)
role conflict 1.82 (0.0009)
pay (H vs. L/M) 0.53 (0.02)
contacts at work 1.88 (0.03)
chemicals/glue 1.88 (0.08)

| external stress 1.16 (0.08)
role conflict 1.82 (0.002)
gender 0.54 (0.003)
utilization 0.79 (0.01)
hrs at workstation 1.15 (0.02)
age 0.98 (0.05)
used copier 1.52 (0.08)
role conflict 1.55 (0.01)
gender 0.60 (0.02)
pay (H vs. L/M) 0.46 (0.02)
used copier 1.63 (0.05)
used copier 1.99 (0.004)
gender 0.57 (0.01)
job satisfaction 1.65 (0.02)
chemicals/glue 2.18 (0.02)
pay (H vs. L/M) 0.32 {0.0002)
pay (M vs. H/L) 0.67 (0.06)
role conflict 1.51 (0.02)
gender 0.65 (0.03)
chemicals/glue 1.82 {0.07)
contacts at work 1.58 (0.09)
laser/copier nearby 0.67 {0.06)
used copier 1.46 (0.10)
gender 0.32 (0.001)
used copier 2.51 (0.004)
asthma 2.34 (0.05)
pay (M vs. H/L) 1.75 (0.08)

1.92 (0.08)




Appendix E (Continued)

Preliminary Stepwise Regression Analysis

Evaluation of Workplace/Personal/Medical Variables

school (prof vs other)

school (HS vs other) 1.63 (0.07)
gender 0.52 (0.004)
role conflict 1.54 (0.01)
hrs at workstation 1.15 (0.04)
age 1.03 (0.01)
space (part vs other) 1.84 (0.03)
chemicals/glue 1.88 (0.07)
yrs at workstation 0.93 (0.10)
external stress 1.26 (0.008)
role conflict 1.60 (0.005)
used copier 1.68 (0.02)
age 0.98 (0.03)
hrs at workstation 1.12 {0.08)
role conflict 1.66 (0.008)
space {open vs other) 2.08 (0.006)
job satisfaction 0.53 {(0.007)
used copier 1.80 (0.02)
used computer 1.58 (0.10)
wood furniture 2.92 {0.01)
external stress 1.55 (0.006)
asthma . 2.61 (0.04)
smoke (light vs other) 3.00 (0.04)
school {prof vs other) 0.26 (0.0006)
chemicals/giue 3.19 (0.003)
role clarity 0.65 (0.004)
asthma 2.46 (0.03)
gender 0.58 (0.08)
gender 0.59 (0.008)
chemicals/glue 2.16 (0.03)
pay (H vs. M/L) 0.48 (0.008)
role conflict 1.49 (0.02)
contacts at work 1.72 (0.05)
gender 0.54 (0.003)
contacts at work 1.88 {0.02)
workload 1.35 (0.007)
utiization 0.81 (0.02)

0.67 (0.06)




Appendix E (Continued)

Preliminary Stepwise Regression Analysis
Evaluation of Workplace/Personal/Medical Variables

chair uncomfortable 3.10 {0.0001)
lighting (too much) 1.97 (0.01)
hrs at VDT 1.17 (0.03)
school (coll vs other) 1.62 (0.07)
finance (others-help) 1.62 (0.06)
role conflict 1.43 (0.06)
chair uncoimfortable 3.00 (0.000t%)
lighting (too much) 1.97 (0.01)
finance (others-help) 1.73 (0.03)
role clarity 0.76 (0.03)
hrs at VDT 1.14 (0.06)
schoof (HS vs others) 1.63 (0.06)
glare 1.97 (0.006)
gender 0.62 {0.02)
job satisfaction 0.66 (0.05)
contacts at work 1.99 (0.01)
workload 1.32 (0.01)
lighting (too much) 1.63 (0.05)
chair uncomfortable 1.46 (0.07)
pay (H vs. M/1) 0.61 (0.09)
dlare 1.72 {0.04)
workioad 1.30 (0.04)
finance (others-help) 1.90 (0.007)
lighting {too much) 2.41 (0.002)
lighting (too little) 1.86 (0.02)
contacts at work 1.72 (0.06)
hrs at workstation 1.15 (0.04)
role conflict 1.45 (0.04)




Appendix E (Continued)

Preliminary Stepwise Regression Analysis
Evaluation of Workplace/Personal/Medical Variables

1.86 (0.001)
0.91 (0.01)

0.75 (0.02)

chemicals/glue 2.51 (0.009)
external stress 1.28 (0.01)

space (open vs athers) 2.97 (0.004)
space (part vs others) 1.80 (0.08)
contacts at work 2.01 (0.04)
2.39 (0.04)
0.40 (0.01)

gender 0.48 (0.001)
smoke (light vs other) 2.69 {(0.02)
chemicals/glue 2:18 (0.02)
finance (others-sole) 1.93 (0.05)
space (open vs others) 1.68 (0.06)

0.36 (0.005)

finance (others-help) 2.01 (0.001)
school (coll vs other) 0.56 (0.01)

used printer 1.90 {0.003)
utilization 0.83 (0.05)
role contlict 1.36 (0.08)
chemicals/glue 1.99 (0.05)
asthma 0.50 (0.07)
age 0.98 (0.08)

role conflict 1.88 (0.002)
pay (H vs. M/L) 0.61 (0.08)
gender 0.59 (0.01)
finance (others-sole) 0.53 (0.05)
1 smoke (light vs other) 3.06 (0.02)
{ smoke (heavy vs other) 2.20 (0.07)
1{ utdization 0.84 {(0.07)

{ yrs at workstation 0.93 (0.06)

pay (H vs. M/1) 0.08 (0.001)
asthma 0.13 (0.05)
space (part vs other) 0.28 (0.002)
space (open vs other) 0.32 {0.02)




Appendix E (Continued)

Preliminary Stepwise Regression Analysis
Evaluation of Workplace/Personal/Medical Variables

1.43 {0.0001)
-1.28 (0.002)
-1.56 (0.02)

1.92 (0.003)
-0.95 (0.003)
-0.06 (0.04)

1.21 (0.0006)
0.11 (0.0002)
2.12 (0.007)
0.86 (0.02)




Appendix F

Effect of Environmental Parameters on Health Symptoms:
Odds Ratios Controlling for Workplace/Personal/Medical Factors'

113 | 103 | 098 | 2048 | 210 | 218
114 [ 100 | 098 | 241 | 35 | 3.16
112 [ 102 | 104 | 264 | 394 | 3.44
100 | 108 | 112 | 286 | 1.67 | 188
113 | 105 | 092 | 225 | 208 | 180
114 [ 102 | 100 | 146 { 342 | 2.8
099 | 104 | 105 | 481 { 1865 | 118
147 | 100 | 116 | 158 | 303 | 1.99
110 | 097 | 110 | 178 | 147 | 190
120 | 102 | 108 | 195 | 157 | 072
128 | 108 | 090 | 173 | 232 | 148
100 [ 096 | 084 | 180 | 280 | 232
194 [ 101 | 101 | 125 | 363 | 2.10
119 | 101 | 104 | 200 | 165 | 191
111 | 102 | 100 | 173 | 179 | 105
147 | 102 | 100 | 152 | 172 | 1.1
121 | 102 | o097 | 272 | 165 | 214
115 | 100 | 101 | 214 | 132 | 143

' Symptoms related to LAQ/respiratory problems (above solid line) controlling for gender, age, role conflict, external stress,
contact lenses, copier use, chemicals/glue;
Symptoms related to ergonomic problems (below solid line) controlfling for gender, chair comfort, lighting, glare, role
conflict, financial situation
odds ratios significant at p <0.05 in bold face italics




Appendix F {Continued)

Effect of Environmental Parameters on Health Symptoms:
Odds Ratios Controlling for Workplace/Personal/Medical Factors’

8.00 1.49 0.92 1.52
2.10 0.92 0.92 1.39
471 1.05 0.81 1.67
6.11 1.17 0.95 1.52
2.05 1.40 0.85 125
3.45 1.02 0.91 1.79
31.50 1.45 1.40 1.68
2.43 0.49 0.90 122
418 1.02 1.10 1.51
1.86 1.18 0.74 2.14
313 1.82 0.46 1.73
0.39 0.35 0.92 2.32
2.56 1.01 0.85 1.67
272 1.71 1142 2.12
125 0.73 1.04 235
152 0.82 0.97 1.99
2.27 1.97 1.01 2.29
1.80 1.21 0.97 2.10

' Symptoms related ta IAQ/respiratory problems (above solid line) controlling for gender, age, role conflict, external stress,
contact lenses, copier use, chemicals/glue;
Symptoms related to ergonomic problems (below solid line) controlling for gender, chair comfort, lighting, glare, role
conflict, financial situation
odds ratios significant at p=0.05 in bold face italics



Appendix F (Continued)

Effect of Environmental Parameters on Health Symptoms:
Odds Ratios Controlling for Workplace/Personal/Medical Factors'

1.09 121 1.09 | 1.07 1.03 1.54 0.85
1.10 0.97 1.27 | 0.9 0.95 1.70 0.60
1.05 1.32 0.93 | 0.66 1.14 1.47 1.29

100 | 055 | 1264 [ 112 § 144 | 069 | 117
007 | 075 | 109 |08t § 120 | 125 | 115
158 | 026 | 098 | 155 [} 141 | 120 | 195
108 | 085 | 148 loes | o063 | 105 | 0s0
087 | 084 | 140 [076 || 075 | 224 | 048

0.93 2.27 097 | 1.72 1.48 1.86 0.72

128 | 385 | 0.78 | 109 § 363 | 071 | 162
139 | 108 | 148 | 070 || 081 | 0.71 | 151
108 | 090 | 109 | 089 1.5 | 129 | 107
103 | 050 | 135 | 1.2 154 | 1.31 | 0.76

0.91 1.82 0.75 | 0.98 1.26 1.34 i.01

0.96 1.92 0.70 | 0.99 1.56 0.99 1.35

0.92 0.70 106 | 1.25 1.16 1.38 0.99
0.73 1.37 1.12 | 1.08 1.23 0.93 1.26

! Symptoms related to [AQ/respiratory problems (above solid line) controlling for gender, age, role conflict, external stress,
contact ienses, copier use, chemicals/glue;

Symptoms related to ergonomic problems (below solid line) controlling for gender, chair comfort, lighting, glare, role
conflict, financial situation

odds ratios gignificant at p<0.05 in bold_face italics



Appendix F (Continued)

Eftect ot Environmental Parameters on Comfiort, Perception of Odors,
Perception of Air Quality:
Odds Ratios Controlling for Workplace/Personal/Medical Factors'

! controlling for gender, age, role conflict, extemnal stress, contact lenses, copler use, chemicals/glue;
odds ratios significant at p=<0.05 in bold face italics
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Appendix F (Continued)

Effect of Environmental Parameters on Comfort, Perception of Odors,
Perception of Air Quality:

- tma as . - - 1

- emm mm = -

! controlling for gender, age, role conflict, external stress, contact lenses, oopler use, chemicals/glue;
odds ratios significant at p<0.05 in bold face italics



Appendix F (Continued)

Effect of Environmental Parameters on Mood States:
Beta Coefficients (Slopes) Controiling for

C. Volatile Ovganic Compounds, Bioaerosols

' controlling for gender, age, role conflict, external stress, contact lenses, copier use, m/gm;
betas significant at p=<0.05 in bold face italics
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During the Survey Week and at Other Times

A limitation of the study design is the fact that measurements were taken at only
one point in time, providing a “snapshot" of the environmental conditions and health
concerns experienced at the given point that the monitoring took place. Concern was
voiced to study investigators by a number of employees during the week of
environmental monitoring that conditions were much better than usual and that they
felt that some deliberate improvements were made by building engineers because of
the study. There is some evidence that speaks against this possibility.

NIST Study

First, in the comprehensive study of the ventilation system at the Madison
Building performed by NIST,® no substantial differences were found between the week
of the survey (February 27-March 3, 1989) and other weeks during the year. The
weekly average air exchange rate during the test week was only slightly higher than
the average of the weeks preceding the test week (0.90 air changes per hour (ACH)
versus a mean of 0.86 ACH for the period January 30 through February 26) and no
different from the following weeks (0.90 ACH versus a mean of 0.89 ACH from March
6 through April 23, 1989). In addition, daily peak carbon dioxide concentrations were
reported for the working days of each week, and there was no significant difference in
the test week average and the average reported for other weeks.

Temperature and Humidity Logs

In addition, temperature and humidity logs are routinely maintained by building
maintenance personnel. A study of those logs was made comparing the readings
made between 6:00 am and 6:00 pm at 30 locations in work spaces of the Madison
Buildings for the week before the survey and the survey week. The hourly readings
for each station for the pre-survey week were paired with the hourly readings for the
survey week. Nine of the 30 stations (30%) had temperatures which did not differ
statistically (p>0.05). Four of the stations had temperature readings that were warmer
during the survey week, but the mean temperature was only 0.3° warmer than those
from the same hours of the pre-survey week. Temperature readings at the remaining
17 stations (57%) were cooler during the survey week by a mean difference of 1.0°.
Most of the stations (28/30) had lower humidity readings during the survey week by
an average of 2.1 percentage points.

Temperature readings were more uniform and showed less variation across
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Comparisons were also made of the day by day temperature and humidity
(e.g., Monday of pre-survey week was compared to Monday of survey week, etc.)
There was no statistical difference in the mean temperature readings from all locations
on Wednesday. The average temperatures from all locations was 0.5° lower during
the survey week on Monday, Tuesday, and Friday. The average temperature on
Thursday was 0.8 cooler during the survey week. The average temperature was 0.8°
cooler in the mornings and 0.6° cooler in the afternoons during the survey week. The
average humidity readings during momings was 1.6% lower and the average aftemoon
humidity reading was 1.7% lower during the survey week as.compared to the pre-
survey week.

Although many of the sets of comparisons yielded statistically different resuits,
the actual differences of temperature and humidity (for hours, days, momings,
afternoons, and weeks) were small in magnitude. It is unlikely that the heating,

ventilation, and air-conditioning (HVAC) system was manipulated differentially for the
survey week.





