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l. SUMMARY

During the week of March 20 to 23, 1989, the Nationa Institute for Occupationa Safety and
Hedth (NIOSH) performed an environmental and medica survey at One Government Center,
an office building located in Toledo, Ohio. This evauation was conducted in responseto a
request from the Ohio Department of Hedlth to evauate indoor air quaity and employee
symptoms. Industriad hygiene measurements for temperature, rdative humidity (RH), carbon
dioxide (CO,), and airborne particul ates were made on floors 15 through 22. Four hundred
thirty-eight self-administered questionnaires were distributed to employeesin these areas as
part of thisevaluation. A total of 301 completed questionnaires were returned for andysis.

In generd, the CO, concentrations on floors 15, 16, 17, 18, 21, and 22 were below 1000
parts per million (ppm), a guiddine which NIOSH investigators use to determine the adequacy
of the ventilation in an office work area. Two exceptions were floors 19 and 20, which had
CO, levels ranging up to 1150 and 1250 ppm, respectively. These elevated CO, leves,
measured in the late afternoon, possibly reflected the higher occupancy levels (20th floor) and
the more extensve use of office partitions (19th floor) which existed in these areas. The
ambient CO, concentration outside the office building averaged 300 ppm.

All work areas surveyed were within the American Society of Heeting, Refrigerating, and
Air-Conditioning Engineers, Inc. (ASHRAE) guiddines for both temperature and RH. The
ASHRAE "comfort chart", a comfort range considered to be both comfortable and healthful,
lies between 73 and 77°F and 20 to 60% RH.

Concentrations of respirable particulate matter were measured with a direct reading aerosol
monitor at various office locations and in one smoking lounge. Respirable particulate levelsin
asmoking lounge located on the 17th floor ranged up to 454 micrograms per cubic meter
(ug/M?3), aleve which exceeds the Environmenta Protection Agency's (EPA) Ambient Air
Quadlity Standard for respirable particulate matter (PM o standard, 150 ug/M? for 24 hours).
Outside of this smoking lounge, particulate concentrations at other office locations on the 17th
floor ranged from 13 to 109 ug/M3, Particulate concentrations on al the remaining floors
were consistently below 150 ug/M3.

Measurements for temperature, RH, CO, concentration, and respirable particulates were
linked to the questionnaire data for dl respondents who gave the location of their
workgations. None of these industriad hygiene measurements were satistically associated
with the two definitions selected for work-associated illness, aso termed "sick building
syndrome” in this report.



A datigicd andysis of the questionnaire results provided the basis for the main conclusons
from thisevauation. One definition of work-associated illness was associated with femde
gender, irritation from tobacco smoke, new carpets, working in densely populated aress of the
building, and being more depressed. By a second definition, work-associated illnesswas
associated with being femde, noting irritation from office solvents, noting body odor, and
being more depressed.

NIOSH investigators found that persons reporting symptoms consistent with higher levels of
seasond affective disorder (SAD) were more likely to complain of building-related symptoms.
Seasond affective disorder is arecurring mood disorder recognized by the American
Psychiatric Association and is characterized by depressive symptomsin fal and winter. The
condition generdly remitsin spring. It isthought to be caused by reduced light intengity and
the shortened photoperiod of winter.

NIOSH investigators have concluded that the indoor air quality parameters which
were measured (carbon dioxide, temperature, relaive humidity, and particul ates)
were within acceptable limitsin most of the areas which were surveyed. Elevated
CO, levels were measured on the 19th and 20th floors; however, neither these CO,
concentration nor the other industrid hygiene measurements made were Satisticaly
associated with the two definitions used in this report for "sick building syndrome.”
Sick building syndrome was associated with femae gender, irritation from tobacco
smoke, new carpets, working in densely populated areas of the building, depression,
noting irritation from office solvents, and noting body odor. Given the lack of
separate, dedicated ventilation systems for the designated smoking areasin this
building, exposure to tobacco smoke could aso be contributing to the leve of
complaints among employees. Recommendations were made to modify the existing
smoking palicy to iminate the possibility of reentrainment and recirculation of any
secondary cigarette smoke and continued surveillance to insure that temperature and
RH for dl offices are maintained within recommended comfort zones. In addition, to
maximize employee comfort, either the number of employeesin several work areas
should be reduced or the ventilation should be increased to provide the minimum
amount of fresh air per person.

Keywords: SIC 9199 (Generd Government), indoor air quality, carbon dioxide, ventilation,
temperature, reative humidity, particulates.
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INTRODUCTION

The National Ingtitute for Occupationa Safety and Hedlth (NIOSH) received arequest, dated
November 30, 1988, for technica assistance from the Ohio Department of Health (ODOH) in
investigating a history of numerous heath complaints among employees a One Government
Center, amodern 22-story municipa office building located in downtown Toledo, Ohio. The
reported health complaints included fatigue, nausea, headache, and other effects and were
thought to result from various indoor air qudity problems. Specifically, the ODOH requested
NIOSH assgtance in designing a health questionnaire and analyzing the data to determine the
nature and magnitude of the perceaived problems in the building.

Preiminary dite vists by NIOSH investigators to One Government Center were conducted on
January 30-31, and February 17, 1989, to meet with the appropriate city, state, and union
officids and to plan the protocol for the evauation. A follow-up survey was conducted on
March 20-23, 1989, to digtribute 438 questionnaires and conduct industria hygiene
measurements on floors 15 through 22. Two letters, dated April 13 and June 16, 1989,
respectively, were distributed which summarized the NIOSH activities on this project and the
results of environmenta sampling for temperature, relative humidity (RH), carbon dioxide
(CO,), and respirable particulates. A third letter, dated April 23, 1990, was distributed which
summarized the results from the questionnaire used in this eva uation.

BACKGROUND

A. ONE GOVERNMENT CENTER

This 22-gtory building, owned by the State of Ohio, was completed in 1983 and is
located in downtown Toledo, Ohio. With approximately 500,000 square feet of office
gpace (about 23,000 square feet per floor), the building houses offices for the city of
Toledo, the county, and the state of Ohio. There are floor to celling windows on all
exterior wals of the structure.

The mgjority of space on floors 15 to 22 is occupied by city offices. Strong interest was
expressed by the City of Toledo (both management and union) in helping to conduct this
survey. Since city employees comprised the largest portion of workers in the building,
their offices on the upper floors were the focus for this evduation. Sincedl the floorsin
this building have amilar uses (generd office space), and the separate heeting, ventilating,
and air conditioning (HVAC) systems are identicaly designed for each floor, it was
assumed that the conditions found in the areas surveyed should be representative for the
entire building.
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City agencies located on floors 15 through 22 include the offices of the mayor and city
manager of Toledo, aswell as various city departments. The largest departments and
divisons (by number of personnd) include the following: Ingpection and Rehabilitation,
Engineering and Congruction, Community Deve opment, Human Resources,
Accounting, Taxation, City Law, Utilities, Councilmen, Affirmative Action, County
Planning Commission, and Data Processing. The following are the occupancy levels per
floor (based on a February 19, 1988 census):

Floor Number Total Occupancy

15 61
16 76
17 65
18 45
19 54
20 81
21 30
22 41

It should be emphasized that these occupancy levels have generdly increased since this
1988 census. However, the proportiond relationships between floors have remained
essentialy the same. For example, a the time of this evauation the 20th floor was
considered the have the highest occupancy, the 21t and 22nd floors among the lowest

occupancy.
HEALTH COMPLAINTS

Previous complaints of headache, coughing, sore throats, and sinus problems were
intermittently reported at One Government Center. Severd indudtria hygiene surveys
were conducted in 1988 by the Industrid Commission of Ohio in response to these
hedlth complaints. Measurements for CO,, formadehyde, dust, hydrocarbons, and RH
were within acceptable ranges.

SICK BUILDING SYNDROME

Nonspecific symptom complaints related to working in office workplaces have increased
over the pagt 15 years. The concept of "sick-building syndrome” has emerged to
describe a high frequency of irritive symptoms of the eyes, nose, throat and skin,
headache and mentd fatigue among persons working in a particular building. These
symptoms are noted to be work-related in that they intensfy with the duration of the
workday but abate or resolve when the worker leavesthe building. At present, the
etiology for sick-building syndromeis not fully understood. Based on changesin building
congruction following the energy crisis of the early 1970's, an attractive hypothesisis that
reduced levels of fresh
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ar intake or increased levels of ar contaminants, accompanying inadequate building
ventilation, may account for this condition.

In many of the remaining sections of this report, the term "sick building syndrome’ has
been used. From ahistorica perspective, the phrase "sick building syndrome” (SBS) has
been commonly used, dthough it may be somewhat mideading. Frequently, Sudies
initiated in buildings with SBS-type complaints have not reveded clear deficienciesin
environmenta conditions. Thus, it may be ingppropriate to label abuilding as"sck.” In
this report, SBS does not automatically imply that there were deficiencies within the
building that were associated with the illnesses reported by employees.

Mandd has performed are-analysis of six European studies, each of which studied
worker symptoms in multiple office buildings which had not been identified as "complaint”
buildings! It has been assumed that studies done in buildings previoudy characterized by
numerous SBS complaints suffer from abias of over-reporting of symptoms. These
European studies have shown that SBS symptoms are both relatively prevaent and
variablein "non-complaint” buildings. Mandd's re-andysis of these studies suggests that
sedled buildings with air-conditioning are associated with higher prevalence of SBS than
unsealed buildings with no air-conditioning. Furthermore, it suggests that dthough air-
conditioned buildings with seam humidification have no higher SBS rates than air-
conditioned buildings without humidification, air-conditioned buildings with water-based
humidification may have higher prevaence of eye, nose, and throat symptoms than those
with seam humidification.

Skov studied Danish town halls and found that factors such as gender, job category,
work functions (handling carbonless paper, photocopying, work at video display
termindss), and psychosocid factors of work (dissatisfaction with superiors or colleagues
and quantity of work causing job dissatisfaction) were associated with SBS? However,
these factors did not account for variations in SBS between buildings. In a subsequent
andyss, Skov showed that variaionsin SBS included the following building factors: the
concentrations of macromolecular organic dust, carpeting, number of workplacesin an
office, newer building age, supplied ar ingtead of naturd ventilation systems, shelving
area, and quantity of fleecy materid.

Norback studied 11 complaint buildings in three countiesin Sweden.* This study found
that SBS was associated with severd personad factors as well astota indoor
hydrocarbon concentrations.
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Robertson found considerable differences in prevaence of SBS between two adjacent
buildings for which environmenta parameters were judged to be smilar but the
ventilation systems differed.®> One building had sealed windows and air-conditioning
while the other had natural ventilation with opening windows and radiator heating. Ina
separate article, Robertson reported that the air-conditioned building had both
sgnificantly more SBS and significantly less naturd lighting.®

SEASONAL AFFECTIVE DISORDER (SAD)

Seasond affective disorder (SAD) isarecurring mood disorder recognized by the
American Psychiatric Association in its Diagnogtic and Statistical Manud of Menta
Disorders (Third Edition-Revised). Seasond affective disorder is characterized by
depressive symptomsin fal and winter which remitsin spring, with some persons
exhibiting hypomanic or even manic symptomatology in spring or summer.’ It isthought
to be caused by reduced light intensity and the shortened photoperiod of winter.® Thisis
supported by noting that the winter symptoms are tregtable with bright light in numerous
clinica trids, that the prevalence of SAD increasesin northern latitudes, and that patients
with the disorder are less symptomatic if they spend the winter at a southern laitude.”

The prevadence of SAD is estimated to be between 4 and 7% from a popul ation-based
survey which included clinical correlation for a subset of cases detected by a survey
ingrument.® Other populaion surveys have agreed with this estimate. A milder form of
the disorder has been labelled subsyndroma-SAD, which is characterized by symptoms
which are considered problematic but do not lead a person to seek clinica carel® The
prevaence of subsyndromal-SAD is estimated at 17 percent.® It should be noted that
even cases of subsyndromal-SAD benefit from bright light exposure.1°

A rationae can be made to sudy a possible association between office lighting and
SAD. Thetypicd range of officeillumination, 200-600 lux, iswdl below illumination
levels (2000 to 3000 lux) which have been found to be effectivein treating SAD.*! This
suggests that persons working in modern office buildings who are susceptible to SAD
may be recaiving inadequate illumination, especialy in the winter season when they spent
the entire period of day light indoors.” It should be noted that outdoor illuminaion levels
reach 10,000 lux on sunny days.!! In addition, modern advancesin architecturd,
lighting, and air-conditioning technology have alowed buildings to be constructed
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such that much of the office space has no window exposure, meaning that many workers
receive little or no sunlight exposure. Previoudly, when buildings depended on windows
for both ventilation and lighting, amuch higher proportion of the office work force
received sunlight exposure during office hours. Furthermore, since the energy shortages
of the early 1970's, new buildings have increasingly used tinted glass to reduce
summertime hest |oad, a technique which aso reduces sunlight to occupants.

Anacther judtification for examining the role of office lighting and SAD isthat SAD (or
subsyndroma SAD) may have ardatively high prevaencein the generd population and
that office workers affected by this condition may have reduced productivity and
increased absentesism.’® State of menta well-being has been related to employee
absentesism.*? In addition, SAD symptomatology may be a contributing factor to the
growing problem of SBS.° And findly, if office lighting is related to SAD
symptomatology, possible interventions exigt, including increased quantity or quality of
illumination for susceptible persons, redesign of future office buildings to include more
sunlight exposure, and increased time spent outdoors for persons susceptible to SAD.

VENTILATION

There are two HVAC systems per floor, each supplying 21,500 cubic feet per minute
(cfm). Common supply (fresh air) and exhaust shafts span the height of the building to
supply the individua HVAC systems on each floor. A common plenum (formed by the
gpace between the suspended celling and the floor above) is the return arrangement for
each floor (with the exception of dedicated exhausts for bathrooms and some designated
smoking lounges). A penthouse, located on the 23rd floor, contains most of the
mechanica equipment for the building. Prefilters and higher efficiency replacesble
pleated filters are postioned at the main outside air intake in the penthouse. Filtersare
aso used on the HVAC systems located on every floor. Scheduled replacement of dll
filters are handled by the building's maintenance taff.

Aswith many large buildings, there is a perimeter heating and cooling sysem. The
heeting needs are provided by aboiler (usudly naturd gas, but can be switched to oil-
fired), which islocated on the ground floor. Pre-heaters are located at the outside air
intakes, and a heat recovery whedl is used with the exhaust air to increase the overdl
efficency of the heeting system.

For the interior (core) office spaces, where only cooling is required, avariable air volume
(VAV) system is used in conjunction with an energy management system to didtribute air
to eight cooling

89- 065



Page 8 -

Hazard Eval uation and Techni cal Assistance Report No.

zones per floor. Inthisdua duct system, the heating runs have a 10% minimum open
position (there is no minimum open position for the cooling runs).

Contralled by an energy management system, the ventilation rate in the building is
reduced starting around 9:30 p.m and returnsto full operation at gpproximately 6:00 am.
Reative humidity is monitored by computer through sensors located on each floor and is
maintained between 38 and 60%. Direct steam injectors (steam obtained from the
heeting system) are used to maintain humidification. No corroson inhibitors are used in
the sleam system for this building.

SMOKING POLICY AT ONE GOVERNMENT CENTER

The smoking policy varied throughout the building between city, county, and sate
offices. In generd, the city of Toledo offices permitted smoking only in designated
smoking areas. However, in severa ingtances these designated areas included individua
private offices and conference rooms in addition to "smoking lounges.” Many of the
designated smoking areas, including the lounges, were not serviced by a separate
dedicated exhaust system. Instead, air from these areas was mixed with the return air
from the remaining office gpaces on the floor via the common return air plenum (pace
above the suspended celling) for eventua recirculation.

On some floors the designated smoking areas were connected to a dedicated exhaust
system (typicaly, an adjacent restroom). According to the head of the maintenance
department, any remodeling or renovation work in the building, including ventilation
changes, was performed only after arequest was made by the director of the city
department where the work was to be done.

V.  METHODS

A.

ENVIRONMENTAL

A sampling and andlysis protocol was developed and implemented for One Government
Center which included measuring temperature, RH, CO, concentration, and respirable
particulates four times per day at each of 8 locations on each of the 8 floors studied.
These measurements were then linked to the questionnaire data for dl respondents who
gave the location of their work-gtations.  Lighting measurements were also made at
various locations on severd floors. The environmental monitoring and andyticd
procedures used in this survey included the following variables:
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Temperature and Rdative Humidity (RH)

Red-time temperature and relaive humidity measurements were conducted using a
Vigta Scientific, Mode 784, battery-operated psychrometer. Dry and wet bulb
temperature readings were monitored and the corresponding RH calculated.

Carbon Dioxide (CO,)

Redl-time CO, levels were determined using Gastech Model RI-411A, Portable
CO, Indicators. This portable, battery-operated instrument monitors CO, (range
0-4975 parts per million (ppm)) via non-dispersive infrared absorption with a
sengtivity (limit of detection) of 25 ppm. Instrument zeroing and cdibration was
performed daily prior to use with zero air and aknown CO, span gas (800 ppm).
The monitor was aso post-cdibrated after each day of use.

Respirable Particles (RSP)

Red-time RSP concentrations were measured using GCA Environmenta
Instruments Model RAM-1 monitors. This portable, battery-operated instrument
assesses changes in particle concentrations via an infrared detector, centered on a
wavdength of 940 nanometers. Air issampled (2 liters per minute) first through a
cyclone presdector which retricts the penetration of particles greater than 9
micrometersin diameter. The air sample then passes through the detection cell.
Operaing on the 0-2 milligrams per cubic meter (mg/M?) range with a 32-second
time congtant yields a limit of detection of 0.001 mg/M?3 (equivaent to 1 microgram
per cubic meter (ug/M?3)).

[llumination

[llumination measurements were performed on March 22, 1989, on two floors of
One Government Center. All measurements are expressed in lux (equa to one
lumen per square meter) and were made with amode 500 Litemate photometer
system manufactured by Photo Research, Inc. This system had been calibrated by
the manufacturer within sx months of these measurements.

Measurements were made at sites where workers actually sat or at locations where
it was apparent, to the investigator, workers carried out the bulk of their tasks.
Proximity to windows and the presence of an intervening wall or partition between
the worker(s) and the window were mgor influencesin the lighting intensity levels
a many locations. Based on these factors office lighting levels were categorized as
low

89- 065



Page 10 -

Hazard Eval uati on and Techni cal Assi stance Report No.

and high. The high category was defined by the location of arespondent's
workstation as being within 15 feet of awindow without intervening walls or

partitions.
MEDICAL
Study Design

A sdf-administered questionnaire was distributed to al employees on floors 15 through
22 on March 21, 1989. The questionnaire asked for information on demographic
characterigtics, health history, hedth symptoms, and comfort concerns. The topics
covered included the following: 1) location of work-gtation (to link questionnaire data
with industrid hygiene measurements); 2) description of work-gtation, including proximity
to potentid irritant sources (photocopiers, blueprint machines, etc.); 3) amount of time
spent a work-gtation; 4) health symptoms experienced while working in the building,
both in the previous week and last year; 5) hedth issues, including smoking, dlergies,
asthma, eczema, etc.; 6) mucous membrane and upper respiratory irritation from
tobacco smoke or other chemica exposures; 7) environmenta quality issues, including
temperature, humidity, air movement, noise, dugt, light, and odors during the previous
year; 8) job characterigtics, including job satisfaction and job stresses; and 9) education
and job classfication. This questionnaire was adapted from the one used in another
extensve NIOSH indoor air quality and work environment study.*®

The following two mood scales were added to the questionnaire: 1) the Center for
Epidemiologic Studies Depression Scae (CES-D); and 2) a seasond affective disorder
(SAD) symptomatology scale. The CES-D scae was developed for the Community
Menta Hedth Assessment Program sponsored by the Center for Epidemiologic Studies
(CES), Nationd Indtitute for Mental Health (NIMH).* The CES-D is an epidemiologic
ingrument for measuring the presence and severity of depressive symptomeatology in the
generd population. The SAD symptomatology scale, designed for this survey, dicits
symptoms consistent with a history of SAD symptomatology.

These two scales were added to answer severa questions:

1 Isthe CES-D score for current depression associated with "sick building
syndrome?"

1 Isthe SAD scde score associated with "sick building syndrome?”
1 Isthe SAD scde score associated with office lighting levels?

89-06¢&
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I Iscurrent depression (based on the CES-D scale) among workers with a
history of SAD symptoms associated with levels of office lighting?

VENTILATION SYSTEM

A qudlitative evauation was directed at observing the operation of the ventilation systems
supplying the One Government Center building. The following methods were used:

1. Drawingsof the ventilation syslem were reviewed to identify the air handling units
(AHU's) that supply air to the sample Sites being monitored. Each of these air
handlers was visited to perform avisua check and record operating parameter
data. The outside air dampers were checked for position and the pre- and main
filters were checked for loading, visible damage, or other problems. Areas such as
condensate pans were checked for the presence of stagnant water, inadequate or
blocked drainage, and other problems conducive to microbiological growth in the
ventilation sysem.

a.  Throughout the study period, operating parameter data were obtained from
the computer monitoring of dry-bulb temperature and RH through sensors
located throughout the building. This information was compared to the
environmental data collected on floors 15 to 22 by NIOSH investigators.

V. EVALUATION CRITERIA

A.

ENVIRONMENTAL

Standards for indoor air quality in office buildings do not exist. The Occupationa Safety
and Hedlth Adminigration (OSHA) and the American Conference of Governmentd
Indugtrid Hygienists (ACGIH) have published regulatory standards and recommended
limits for occupationa exposures. The American Society of Heeting, Refrigerating, and
Air-Conditioning Engineers (ASHRAE) has published recommended building design
criteria® With few exceptions, pollutant concentrations observed in the office work
environment fal well below these published standards or recommended exposure limits.
It is possible that work-related complaints may be attributable not to individud
environmenta species, but to the cumulative effect resulting from exposures to low
concentrations of multiple pollutants. The monitoring study protocol measured individud
species concentrations to provide the data base necessary to investigate and assess

rel ationships between worker complaints, health symptoms, and low-level exposuresto
the multiple contaminants measured.
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The basis for monitoring individua or classes of environmental parameters are presented
below:

Temperature and Rdative Humidity (RH)

The perception of comfort is related to one's metabolic heat production, the transfer
of heat to the environment, physiologica adjustments, and body temperatures.

Hest transfer from the body to the environment is influenced by factors such as
temperature, humidity, air movement, persond activities, and clothing. The
American Society of Heeting, Refrigerating, and Air Conditioning Engineers
(ASHRAE) Standard 55-1981 specifies conditions in which 80% or more of the
occupants would be expected to find the environment thermally comfortable.®

Carbon Dioxide (CO,)

Carbon dioxide (CO,) isanorma congtituent of exhaed breeth; measurement of
CO, concentrations can be used as a screening technique to evauate whether
adequate quantities of fresh air are being introduced into an occupied space.
ASHRAE's Ventilation Standard, ASHRAE 62-1989, Ventilation for Acceptable
Indoor Air Qudity, recommends outdoor air supply rates of 20 cubic feet per
minute per person (cfm/person) for office spaces, 15 cfm/person for reception
aress, classrooms, libraries, auditoriums, and corridors, and 60 cfm/person for
smoking lounges. This standard aso provides estimated maximum occupancy
figures for each area.™

Indoor CO, concentrations are normaly higher than the generdly congtant ambient
CO, concentration (range 300-350 ppm). When indoor CO, concentrations
exceed 1000 ppm in areas where the only known source is exhaded breeth,
inadequate ventilation is sugpected. Elevated CO, concentrations suggest that other
indoor contaminants may aso be increased. Maintaining the recommended
ASHRAE outdoor air supply rates should provide for acceptable indoor ar qudity,
barring any unusua emission source and assuming good quality outdoor air.

Respirable Suspended Particles (RSP) & Inhalable Particles (PM ;)

Respirable suspended particles (smaller then 2.5 micrometers) are associated with
combustion source emissions. The greatest contributor to indoor RSP is tobacco
amoke (TS). In buildings where smoking is not alowed, RSP levels are influenced
by outdoor particle concentrations, with minor contributions from
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other indoor sources. In buildings with ail, gas, or kerosene hegting systems,
increased RSP concentrations associated with the heating source may predominate.
PM ,, concentrations (particles smdler than 10 micrometersin diameter) combine
combustion, soil, dust, and mechanica source particle contributions. The larger
particles are associated with outdoor particle concentrations, mechanica processes,
and human activity. When indoor combustion sources are not present, indoor
particle concentrations generdly fal well below the Environmenta Protection
Agency's (EPA's) Ambient Air Quadity PM,, standard (150 ug/M? averaged over a
24 hour period; 75 ug/M® averaged over a1 year period).t’

VI. RESULTS

A.

ENVIRONMENTAL

The layout of atypica floor a One Government Center is shown in Figure 1 and can be
used to determine the air sampling locations. The results from the direct reading samples
collected for CO, throughout the work day are presented in Figures 2 and 3. In generd,
the CO, concentrations on floors 15, 16, 17, 18, 21, and 22 were below 1000 ppm, a
guideline which NIOSH investigators use to determine the adequacy of the ventilation in
an office work area. Two exceptions were floors 19 and 20, which had CO, leves
ranging up to 1150 and 1250 ppm, respectively. These devated CO, levels were
measured in the late afternoon and may have been influenced by the following conditions:
(2) the higher occupancy level on the 20th floor; (2) the extensve use of partitionsin
offices located on the 19th floor; and (3) deficiencies within the ventilation systems on
these floors. The ambient CO, concentration outside the office building averaged 300

ppm.

Figures 4 and 5 show the concentrations of respirable particulate matter that were
measured on floors 15 through 22 with a direct reading aerosol monitor. Although there
are no established criteriafor exposure to airborne total particulate in office buildings, as
aguiddine, the EPA's Ambient Air Quaity Standard for respirable particulate matter
(PM,, standard, 150 ug/M? for 24 hours) was used. Particulate concentrations on al
but the 17th floor were below 150 ug/M°. The highest respirable particulate
concentration (454 ug/M3) was measured in a designated smoking lounge on the 17th
floor. Particulate levelsin the remaining office spaces on the 17th floor, however, ranged
from 13 to 109 ug/M3.
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All work areas surveyed were within ASHRAE's guidelines for both temperature and
RH. The ASHRAE "comfort chart,” acomfort range consdered to be both comfortable
and hedthful, lies between 73 and 77°F and 20 to 60% RH. These results are shownin
Figures6and 7.

Lighting measurements made during this evauation in the high category office areas
(defined by the location of a respondent's workstation as being within 15 feet of a
window without interviewing walls or partitions) ranged from 450 to 1000 |ux.
Measurementsin the lower category areas ranged from 300 to 500 lux. Of 300 workers
who provided information on the location of their workgtation, 70% were in the higher
lighting category and the remaining 30% were in the lower lighting category.

QUESTIONNAIRE
Response Rate

A totd of 438 questionnaires were distributed to the employees of Toledo city
government who occupied floors 15-22. Of these, 301 were returned for a
response rate of 69%. Of the 301 returned, 4 failed to provide workstation
location, precluding them from the andlysisinvolving indudrid hygienedaia. A
breakdown of the response rate by age, gender, job category, etc. was not
possible since this information about non-respondents was not available.

Employee Survey Results

Respondents were asked to report how often (never, rarely, sometimes, often,
adways) they experienced each of 32 hedlth symptoms in the past year and whether
these symptoms typicaly changed when not at work (got better, no change, got
worse). Table 1 shows the frequency distribution of symptoms reported last year,
and Table 2 shows the proportion of employees reporting these symptoms with a
frequency of "often” or "dways' in the past year. Table 2 dso showsthe
proportion of employees for whom these symptoms were work-relaed, meaning
that they got better when not a work. The most commonly reported work-related
symptoms were stuffy nose (27%), headache (26%), sore eyes (25%), fatigue
(25%), dry eyes (24%), deepiness (22%), dry throat (18%), runny nose (15%),
and tension (15%).

Employees were asked to assess the effects of their symptoms on their work (Table
3). More than one-third of respondents (36%) reported at least sometimes that
symptoms reduced their ability
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to work during the past year. Approximately one-fifth of respondents (21%)
reported that at least "sometimes’ they stay home or leave work early because of
symptoms.

Employees were asked if they associated their health symptoms with conditionsin
the building and whether their symptoms had improved, worsened, or remained
unchanged over the past (Table 4). Of those responding, 70% associated their
symptoms with their work in the building; most (72%) reported thet their symptoms
remained unchanged; 24% reported that their symptoms became worse; and 4.4%
reported that they improved over the past year.

Employees were also asked about the frequency and durations of "infections’
(upper respiratory tract infections) since beginning to work at the Toledo
Government Building (Table 5). Of those responding, 44% reported having
infections more frequently and 48% reported infections that |ast longer.

Table 6 shows the frequency with which respondents associated symptoms with
seasons. Mogt (158) reported no relationship to seasons. Winter was the season
most often associated with symptoms, more than the other 3 seasons combined.

Since the symptoms of headache, deepiness, fatigue, stuffy nose, runny nose, dry
eyes, burning eyes, and dry throat are often associated with work in office buildings
and other settings, a combination of these symptoms was used to creste a case
definition for "sick building syndrome.”

As previoudy discussed, the phrase "sick building syndrome” (SBS), dthough a
commonly used term in many indoor ar qudity investigations, can be mideading. In
the context of this report, SBS does not imply that there were any deficiencies
identified within the building, such asin the ventilation system, that were associated
with the illnesses reported by employees.

An employee was consdered a case of sick building syndrome (SBS) if he or she
had one or more nonspecific symptoms (headache, deepiness, or fatigue)
temporally related to work, experienced "often” or "dways' in the past year, and
two or more irritative symptoms (runny nose, Suffy nose, dry eyes, burning eyes, or
dry throat) temporaly related to work, experienced "often” or "dways' in the past
year. Of 301 respondents, 62 (21%) met this case definition for SBS. The
prevalence of SBS was highly associated with female gender for SBS (Table 7A),
with women being six times more likely to meet the case definition than men. Of
290 respondents reporting gender, 43% were male and 57% were femde.
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Since by this case definition the association between female gender and SBS was
unusudly high, the following question arises: could women be responding to
symptom questions differently than men? More specificaly, would awoman be
more likely to say that a symptom bothered her "often” when aman would say that
the same symptom bothered him "sometimes" assuming that they each experience
comparable discomfort. In other words, do men answer symptom questions with
more oicism? Accordingly, a second but pardld case definition for SBSwas
congtructed and named SBS2 (the first definition will be referred to as SBSL).

An employee was consdered a case of SBS2 if he or she had two or more
nongpecific symptoms (headache, deepiness, or fatigue) temporally related to
work, experienced "sometimes," "often,” or "adways' in the past year, and four or
more irritative symptoms (runny nose, stuffy nose, dry eyes, burning eyes, or dry
throat) temporally related to work, experienced "sometimes” "often,” or "dways' in
the past year. This second case definition was met by 19% of respondents; and the
ratio of femae to mae cases was less extreme, with women being only 2.3 times
more likely to met this case definition than men (Table 7B).

Demogr aphic Characteristics of Respondents and SBS

Age categories for male and femae employees are given in Table 8. Table 9 shows
the prevaence of the two definitions (SBS1 and SBS2) by age category, adjusted
for gender. Thereisno apparent trend and no Statistical association between SBS
(by ether definition) and age adjusted for gender.

Education leve categories for male and femae employees are shown in Table 10.
Table 11 showsthat there is no clear trend and no statistical association between
SBS (by either definition -- SBS1 or SBS2) and education level adjusted for
gender. Table 12 shows the distribution of job categories for males and females.
Among women responding, 80% were in the lower rank category (clericd,
computer operator, administrative support, etc.) and only 20% were in higher rank
positions (managers or professonas). On the other hand, 60% of men responding
were managers or professonas. While women managers and professonds had a
lower prevaence of SBS than women in the lower job categories, there was no
sgnificant association between SBS1 and job category adjusted for gender (Table
13). There was, however, sgnificance at the 0.05 level to the association between
SBS2 and job category after controlling for gender (women with lower job rank
were more likely to be SBS2 cases).
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Sick Building Syndrome and Sources of Irritation

Respondents were asked about occurrence of eye, nose, throat, or respiratory
irritation from numerous potentia sources on a continuum of "never,” "rardy,”
"sometimes,” "often,” or "aways' (Table 14). Tobacco smoke was the most
frequently reported source, with 19% of respondents reporting irritation at lease
sometimes. The next most frequent irritant was office chemicd "fumes' (adhesives,
glues, typewriter correction fluid, rubber cement, etc.), with 9.9% of respondents
reporting irritation at least sometimes.

Table 15 shows the prevaence of SBS (by the first definition, SBS1) for men and
women by report of exposure (at least sometimes) to a number of potentia irritants.
Thaose reporting irritation from tobacco smoke had arisk ratio of 1.7 for SBSI,
meaning that they were 1.7 times more likely to be SBS1 cases than those who did
not report irritation from this source. Similarly, the risk ratio for office chemicas
was 2.5; for paint, 2.4; and for carpet and other cleaners, 1.8. These were the only
datigticaly sgnificant associations between SBS1 and potentid irritant sources but
positive associations might be expected since the case definitions involve irritant
symptoms.

Table 15 dso shows the prevaence of SBS (by the second definition, SBS2) for
men and women by report of exposure to potentid irritants. Those reporting
irritation from tobacco smoke had arisk ratio of 3.2 for SBS2, meaning that they
were 3.2 times more likely to be SBS2 cases than those who did not report
irritation from tobacco smoke a least sometimes. Similarly, the risk ratio for using
photocopy machineswas 2.5; for office chemicas, 2.9; for pesticide exposure, 2.8;
for new carpet, 4.2; for paint fumes, 2.1; and for carpet or other cleaners, 2.2.

Sick Building Syndrome and Work-station Environment

Respondents were asked about numerous characterigtics of their work
environment, including workstation furnishings and equipment, use of computers
and other machines, type of office space, type of office sharing, duration of
exposure to the building, and odors. We examined the relationship between these
characteristics and SBS.

Table 16 gives the proportion of respondents who report various types of furniture,
equipment, and changes within 15 feet of their workstations in the past year. Those
employees reporting a photocopy machine within 15 feet of their workstation were
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1.7 times more likely to be classified as SBS1 cases than those who did not (Table
17). Those who reported new carpeting within 15 feet of their workgtetion in the
preceding year were 2 times more likely to be cases of SBS1 and 2.3 times more
likely to be cases of SBS2 than those who did not (Table 18). Workers reporting
that the wals were painted within 15 feet of their work stationsin the past year
were 3.1 times more likely to be cases of SBS2, and those working near partitions
which were rearranged in the preceding year were 2 times more likely to be SB2
cases. It should be noted, however, from Table 16 that few workers reported
having had walls painted near their work stations.

The mean and median for anumber of variables characterizing respondent'stime
gpent in the building and time performing various activities are shown in Table 19.
Respondents had worked amean of 4.4 yearsin the building, but half had worked
therefor 5 years.

Table 20 examines the association between SBS and the use of various office
equipment and chemicas. None of these activities, including computer, photocopy
meachine, blueprint machine, or chemicd use were Satidicaly associated with
SBS1. Workers who used photocopy machines for more than one hour per day
were 2 times more likely to be cases of SBS2.

Table 21 examines the associations between SBS and a number of variables
characterizing work in the building. None of these variables, including hours per
week oent in the building, years working in the building, number of timesa
respondent goes outside, or density of workers, is Satistically associated with
SBS1. However, workersin more densely populated work areas were more likely
to be cases of SBS2.

Table 22 shows that the prevalence of both SBS1 and SBS2 were not statistically
associated with type of workstation space. The type of workstation space sharing
was a0 not gatisticaly associated with the prevaence of either SBS1 or SBS2
(Table 23).

The percentages of respondents reporting various odors at their workstations are
shown in Table 24. Table 25 shows the association between reporting an odor (at
least sometimes) and the prevalence of SBS. Body odor, tobacco smoke, and
musty smells were associated with SBS1, while these odors plus fishy smells, and
odors of cosmetics, new carpet, new curtains, photocopy machines, office
chemicals, pesticides, carpet cleaners, and paint were al associated with SBS2.
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Physical Comfort and Sick Building Syndrome

The questionnaire asked respondents to evauate the environmenta conditions of
their workstation, including air flow, temperature, humidity, Suffiness, noise, dust,
lighting, glare, and comfort of their chair and desk. We looked for associations
between these conditions and the prevalence of SBS.

Table 26 shows employee responses for ar flow, temperature, humidity, Stuffiness,
noise, and dust. Of those responding, 42% reported too little air flow (often or
aways), 47% reported that the air was "too dry," and 51% reported that the air
was "too duffy." Complaints about environmenta conditions which were
datigticaly associated with both SBS1 and SBS2 included the following: "too
cold,” "too dry," "too stuffy,” and "too dusty” (Table 27). "Too noisy" was
associated with the first case definition.

Table 28 shows employee rating of lighting at their work-gtations. Most (63%)
reported that lighting was "just right”, 29% reported lighting to be too dim, and
8.5% reported it to be too bright. Respondents reporting lighting to be too dim
were 1.7 times more likely to be SBS1 cases (Table 29). Other conditions (Table
29) which were datistically associated with both SBS1 and SBS2 included glare
(often or dways), specificdly glare from windows and glare from fluorescent lights,
uncomfortable chairs, and uncomfortable desk setups. Lighting which was "too
bright" and glare from video display screens were associated with the first case
definition.

Health History and Sick Building Syndrome

Table 30 ligs the proportion of respondents with various hedlth conditions. SBS1
was statisticaly associated with physician diagnosed eczema and sdlf-reported
dlergy to dust (Table 31), while SBS2 was marginaly associated with sdlf-reported
mold dlergy.

Industrial Hygiene M easurements and Sick Building Syndrome

Measurements for temperature, RH, CO, concentration, and respirable particul ates
were linked to the questionnaire data for al respondents who gave the location of
their workstations. None of these indugtrid hygiene measurements were satistica
associated with either SBS1 or SBS2 (Tables 32A and 32B).
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Job Satisfaction, Job Stressand Sick Building Syndrome

Since diress can cause hedth symptoms that resemble those attributed to an office's
physica environment, employees were asked a series of questions to assess thelr
experience of work-related siressors, externa stressors, and job satisfaction.
These questions were combined to creste scores for each work-related stressor
scae, the externd stressor scale, and the job satisfaction scale. The scores for
each of these scales were then categorized into low, medium, and high groups. The
level of these stressors for each respondent was analyzed for associations with SBS
by the two definitions -- SBS1 and SBS2 (Table 33). Low job satisfaction was
associated with an increased prevalence of SBS by both definitions. High
quantitative workload was associated with SBS by the second definition (SBS2),
but not by the first (SBSL), and role conflict was associated with the first case
definition.

The relationship between depression and level of work-related stressors, externa
stressors, and job satisfaction was aso examined (Table 34). Depresson was
defined as having a score above 15 on the Center for Epidemiologic
Studies-Depression Scale. This score has been used in previous popul ation-based
dudies to define high levels of depressive symptomatology.®® It should be
emphasized that this score does not condtitute aclinica diagnosis of depression.
High levels of current depression were significantly associated with low job
satisfaction, high role conflict, low utilization of ahilities, and high role ambiguity.

Sick Building Syndrome, Current Depression, Seasonal Affective Disorder,
and Office Lighting Levels

Scores for the Center of Epidemiologic Studies-Depresson (CES-D) Scae were
grouped into three levels (Table 35). Scores of zero to 15 have accounted for 80
percent of community populations in previous studies and scores above 15
characterize the presence of depressive symptomsin other studies which correlate
the CES-D scdle with the diagnosis of clinical depression.*® Among respondents
in this study, approximately 10 percent had CES-D Scores above 25, which would
indicate the most depressed group.

After adjusting for the effects of gender, respondents with CES-D, scores above
25 were 2.4 times more likely to be SBS cases by the firgt definition (SBS1) and
3.6 times more likely to be SBS cases by the second definition (SBS2) than
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respondents with CES-D scores of 15 or less (Table 36). Likewise, respondents
with CES-D scores above 15 were 2.1 times more likely to be SBSL cases and
2.8 times more likely to be SBS2 cases than those with CES-D scores of 15 or
less.

Scores for the Seasona Affective Disorder (SAD) Scale were constructed by
adding one point for each of 13 symptoms consistent with a history of SAD.?9
These symptoms were scored positive when experienced for at least 2 weeksin fall
or winter but not in summer and spring.  Scores for the SAD scale were grouped
into three categories (Table 37). Respondents with scores from 0 to 2 were
expected to be essentidly free of SAD symptoms, since the proportion with these
scores is comparable to that for population based studies of SAD.?? The category
with SAD scores of 6 to 13 represents approximately 10% of respondents who
would have the most severe level of SAD symptoms. Respondents with SAD
scores of 3to 5 would be in an intermediate category with amild level of SAD
symptoms.

After adjusting for any effects of gender, respondents with SAD scores of 6 or
more were 2.2 times more likely to be SBS1 cases and 2.4 times more likely to be
SBS2 cases than respondents with SAD scores of 2 or less (Table 38). Likewise,
respondents with SAD scores of 3 or more were 1.7 times more likely to be SBS1
cases and 2.1 times more likely to be SBS2 cases than those with scores of 2 or
less.

The prevaence of SBS was not associated with office lighting levels after adjusting
for gender (Table 39). Office lighting levels were categorized aslow and high. The
high category was defined by the location of a respondent's workstation as being
within 15 feet of awindow without intervening walls or partitions. Of 300
respondents, 70% were in this higher lighting category and the remaining 30% were
in the lower lighting category. Lighting measurements made during this evauetion in
the high category office areas ranged from 450 to 1000 lux, while measurementsin
the lower category areas ranged from 300 to 500 lux.

Table 40 shows the prevaence of depression by lighting level category and by
SAD score category. Depression is here defined by a CES-D score above 15.
For those respondents with low SAD scores, thereis no effect of lighting level on
the prevaence of depression. However, those with high SAD scores are 1.7 times
more likely to be depressed if they work in low lighting areas. Thisrisk of
depression perssted after adjusting for gender and education level, which was used
as ameasure for socioeconomic status (Table 41).



Page 22 - Hazard Eval uation and Technical Assistance Report No. 89-06E&

Logistic Regression Modelsfor Predictorsof Sick Building Syndrome

In the preceding discussion we have described how SBS was associated with a
number of factors characterizing workers or their jobs. Some factors are associated
with SBS because they are aso correlated with other factors which are dso
associated with SBS. For this reason statistical tests were performed which
adjusted each factor for al of the other factors which are aso associated with SBS.
Table 42 shows the factors which were associated with SBS after adjusting for dl
other associated factors. By the firgt definition (SBS1), SBSis associated with the
fallowing factors femae gender; irritation from chemicals such as adhesives, glues,
cleaners, typewriter correction fluid, rubber cement, etc.; noticing body odor; and a
high score for current depresson. By the second definition (SBS2), SBS was
associated with fema e gender; irritation from tobacco smoke; irritation from new
carpet fumes, work in adensdy populated area; and a high score for current
depression. Therisk ratio for each of these factorsindicates how highly it is
associated with SBS after adjusting for dl other statistically significant associations.
For example, persons who report irritation from tobacco smoke are 3.7 times more
likely to be cases of SBS by the second definition then are person who did not
report such irritation.

Analysis of Current Building-Related Symptoms

The case definition for SBS was derived from symptoms reported by respondents
over the previous year, while the indudtrid hygiene measurements were made the
week the questionnaire was administered. Likewise, the Center for Epidemiologic
Studies-Depression scale asked about mood tate for the previous week. For this
reason a case definition for current building-related symptoms was congtructed.
Each of fiveirritative symptoms (runny nose, stuffy nose, dryfitchy eyes, burning
eyes, and dry throat) was scored positive if present for three or more days "last
week" and if the symptom improved when away from work. Similarly, each of
three nonspecific symptoms (headache, deepiness, and fatigue) was scored podtive
if present for 3 or more days "last” week and the respondent improved when away
from work. Respondents were cases (for current building-related symptom
syndrome) if they were positive for one or more nongpecific work-related
symptoms, plus two or more irritative work-related symptoms. Of employees
responding, 18.3% met this case definition. The risk of being a case of "current
building-rdated symptom syndrome"’ was 4.4 times higher among women than
among men (Table 43).
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Table 44 shows the prevaence of current building-related symptom syndrome by
categories of industrid hygiene measurements. After adjusting for gender, none of
the indudtrid hygiene measurements were associated with SBS by ether definition -
- SBS1 or SBS2 (Table 44).

Tables 45 and 46 show that after adjusting for gender thereis an association
between case status for "current building-related symptom syndrome” and high
CES-D and SAD scores. Since some of the symptoms which characterize SBS,
such as headache and fatigue, are also common in depressed persons, NIOSH
investigators considered the possibility that high depression scale scores would be
associated with the nonspecific type of SBS symptoms (headache and fatigue), but
not with the irritetive type (Stuffy or runny nose, and dry or burning eyes). Table 47
shows that high levels of depression, aswel as high levels of SAD symptoms, were
associated with both irritative and nonspecific building related symptoms.

VII.  DISCUSSION

A.

ENVIRONMENTAL EVALUATION

On the days of this survey the CO, concentrations a One Government Center were
generdly below 1000 ppm, a guideline which NIOSH investigators use to determine the
adequacy of the ventilation in an office work area. While the CO, levels on floors 15,
16, 17, 18, 21, and 22 increased during the work day, the levels peaked at
approximately 1000 ppm. The lower occupancy levels on some of these floors, better
office planning and design, and differing performance levels of the individud ventilation
systems, may have dl been sgnificant factorsin maintaining these CO, leves.

Floors 19 and 20, which had CO, levels ranging up to 1150 and 1250 ppm,
respectively, were the exception to the trend seen on the other floors surveyed. These
elevated CO, levels were measured in the late afternoon, possibly reflecting the higher
occupancy leves (such as on the 20th floor) or more extensive use of office partitions
which could disrupt the ventilation patterns for an area (such as on the 19th floor).

Although the respirable particulate levels measured throughout the building were
generdly well within acceptable limits, there were notable exceptions such as the
designated smoking lounges (up to 454 ug/M? in a smoking lounge on the 17th floor). In
the regular office areas, the highest average respirable particul ate concentrations were
measured on the 20th floor and, as with CO,,

89-06¢&



Page 24 -

Hazard Eval uati on and Techni cal Assi stance Report No.

these particulate levels may have been influenced by the higher occupancy load on this
floor, aswell as by the inconsstent and ineffective smoking policy for city offices. Itis
a0 possble that the HVAC systems for each floor, while smilarly designed, may
operate more (or less) efficiently throughout the building. When compared to the EPA
PM, annua outdoor limit (75 ug/M?), the particul ate concentrations on the 20th floor
may warrant a closer examination as to the cause and possible corrective action.

VENTILATION EVALUATION

Based on data provided by the building maintenance staff, a maximum of approximately
1000 cfm of fresh air is supplied to each floor in the building. ASHRAE, in their most
current guidance for maintaining acceptable indoor ar quality, recommends 20 cfm of
fresh ar for each employee in an office work area. This caculates to amaximum
recommended occupancy of gpproximately 50 employees per floor a One Government
Center. As previoudy discussed, severd floors (most notably the 20th floor) exceeded
thisnumber. This Stuation may explain the gradud rise in CO, concentrations on these
two floors to levels above 1200 ppm, a condition which suggests inadequate ventilation.

QUESTIONNAIRE RESULTS

In this study we examined building-related symptoms which are commonly referred to as
Sick Building Syndrome (SBS).#* Thereisno standard way to define this syndrome and
since our firg definition yielded an unexpectedly high association between female gender
and work-associated illness (termed "SBS' in this report), we chose to also make a
second case definition.  If we assume that women tend to report comparable symptoms
more readily than men, we might expect that awomen would report a symptom's
frequency as "often,” while aman would report a comparable frequency for that
symptom as "sometimes.” This led us to base our second definition on work-related
symptoms reported at least "sometimes,” as opposed to the first definition, based on
work-related symptoms at least "often.” To compensate for the potentia increasein
fase pogitives, however, the second definition required the presence of moreirritative
symptoms. For women the risk of being a case by this second definition was 2.3, aratio
which is comparable to that in another study.® On the other hand the risk for women by
the first definition was 6.0. While we cannot be certain of our interpretation, we believe
that the second definition is a better representation of work-associated illness, snce it
seems to be gtricter. We reported associations between work-associated illness by both
of these definitions and a number of factors, including worker and job characterigtics and
exposuresin the building. Our
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VIII.

intent in using both of these definitions is to demondtrate that measuring hedlth outcomes
in office building investigationsis not an exact science and that the associations found will
vary with the way in which symptoms are measured.

Theregression andyss, the atistical method for looking at dl associations together, is
the basis for our main conclusons. By the second definition, work-associated illness was
associated with female gender, irritation from tobacco smoke, new carpets, working in
densdly populated areas of the building, and being more depressed. By thefirst
definition, it was associated with being female, noting irritation from office solvents, noting
body odor, and being more depressed.

CONCLUSIONS

Recent reports from the Surgeon Genera and the Nationd Research Council have concluded
that exposure to environmental tobacco smoke (ETS) may be associated with a wide range of
hedlth (e.g. lung cancer) and comfort (e.g. eye, nose, and throat irritation and odor) effects.?
2 In previous investigations of office building workers tobacco smoke has been identified as
a suspected indoor air pollutant. Given the lack of separate, dedicated ventilation systems for
the designated smoking areas in this building, exposure to tobacco smoke could be
contributing to the level of complaints. While direct measurements of fresh air exchange were
not made as part of this survey, the CO, levels suggest that the building is inadequately
ventilated, especialy for work areas that are more densdly populated (such as the 20th floor).
Elevated CO, levels were dso observed on floors where partitions were used to form
"cubicle" offices. These partitions may disrupt the ventilation petternsin these aress,
contributing to the gradud risein CO, during the workday.

Higtoricdly, recommendations for outside air exchange in office buildings were based on levels
which would minimize body odor detection by building occupants. The association between
naticing body odors and reporting symptoms might suggest thet the building is not sufficiently
ventilated with outside air. New carpets have aso been implicated in previous indoor air
investigations and suggest the need for higher levels of outdoor ar exchange, at leadt initidly
following ingtdlation, to control their odors.?

While higher levels of depression were associated with SBS, NIOSH investigators cannot
conclude that depression causes building-related symptoms. An dternative conclusion is that
building-related symptoms make workers more depressed. Neither of these conclusions can
be established from this study, since both depressive symptoms and building-related
symptoms were measured at the same time.
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NIOSH investigators found that persons with higher levels of SAD were more likely to
complain of building-reated symptoms, but the level of current depression as measured by the
Center for Epidemiologic Studies -Depression scale was a better predictor.

Lighting levels, as defined in this study, were not related to work-associated illness. However,
those persons who had higher seasond affective disorder (SAD) were aso more depressed
(by the scale for current depression) if they worked in dimmer parts of the building that were
farther from thewindows. This suggests that either the qudity or quantity of building lighting
may contribute to the mood State of those workers who experience SAD symptoms.

RECOMMENDATIONS

1.

Exposure to environmenta tobacco smoke is one of the most important indoor air quality
problems, contributing both particulates and gaseous contaminants. With thisin mind,
the exigting smoking policy should be modified. If smoking is permitted, it should be
restricted to designated smoking lounges. These smoking lounges should be provided
with adedicated air handling system (direct exhaudt to the outside) which diminates the
possihility of reentrainment and recirculaion of any secondary cigarette smoke. In
addition, the smoking lounge should be under negative pressure as compared to
surrounding occupied aress. The ventilation system supplying the smoklng lounge should
be capable of providing at least 60 cfm of outdoor air per person.®

For employee comfort, surveillance should continue to insure that temperature and RH
for dl offices are maintained within the ASHRAE recommended comfort zones. In
addition, the performance of the HVAC systemsin the building should be reviewed by
ventilation engineers to insure compliance with current ASHRAE guiddines.

The current gaffing levels on the 15th, 16th, and 20th floors are excessive considering
the capabilities of the exigting ventilation sysemsin these areas. Severd other floors are
near their occupancy capacity based on the limitations of the HVAC equipment. To
maximize employee comfort, either the number of employees in these work areas should
be reduced or the ventilation should be increased to provide the minimum amount of
fresh air per person (20 cfm/person) as recommended by ASHRAE.

Current office gpace planning should be reviewed to optimize employee comfort and

work space utilization. A trained environmenta designer/space planner to review current
and planned office layouts would help in ensuring thet traffic patterns are not
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congested and that appropriate work space is provided to maximize employee comfort
and productivity. Thisenvironmental designer could aso be consulted for suggestionsin
reducing workers discomfort due to glare from work surfaces, video display terminals,
and outside windows.
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Table 1

Freguency Distribution of Symptoms During Preceding Year

Toledo Municipal Building

HETA 89-065
Total
Symptoms Never Rarely Sometimes Often Always Reporting’

Headache 10% 21y 40% 27% 2% 299
Stuffy nose 13% 18% 32% 28% 10% 296
Sleepiness 14% 17% 43% 22% 4% 298
Sneezing 14% 28% 41% 14% 3% 301
Tension/nervousness i8% 22% 41% 14% 5% 296
Running nosge 19% 22% 36% 19% 4% 296
Cough 19% 38% 34% 8% 1s 299
Fatigue/tiredness 23% 14s 31s 24% 8% 300
Sore, etrained eyes 23% 14% 35% 22% 6% 294
Dry, itchy eyes 27% 17% 30% 19% 7% 299
Difficulty concentrating 28% 29% 36% 6% 1s 295
Dry throat 30% 18% 30% 18% 4% 297
Sore throat 2% 30% 33% 4% 1% 294
Dry skin 2% 1l4s 22% 22% 10% 297
Feeling depressed 5% 28% 29% 6% 2% 296
Lower back pain k}: 1 21% 22% 13% 6% 298
Burning eyes 38% 16% 30% 12% 4% 296
Aching muscles/joints 40% 20% 25% 11s 4% 295
bDifficulty remembering 42% 2B% 24% 5% 1s 294
Chills 42% 19% 26% 10% 3% 296
Shoulder/neck pain 46% l6% 20% 14y 4% 296
Dizziness/lightheadedness 46% 24% 23 6% 1% 295
Upper back pain 47% 17% 18% 12% 6% 295
Hoarseness 51% 25% 20% 4% 0% 293
Nausea 53% 26% 19% 2% 0% 294
Blurry vision 61% 15% 18% 5% 1% 293
Fever 65% 29% 5% 1s 0% 291
Hand/wrist pain 66% 13% 13% 5% 3% 296
Chest tightness 69% 16% 12% 2% 1% 294
Shortness of breath 70% 14% 13% 5% 0% 295
Wheezing 70% 19% 10% 1s 0% 296
Problems with contacts 81% 5% 6% 4% 4% 266

a Number of participants

answering question.
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Table 2

Percent of Respondents Reporting Work-Related Symptoms
in the Preceding Year
Toledo Municipal Building

HETA 89-065

Sometimes, Often, Often or Total
s oms or Always Always Reporting®

Fever 4% 1% 291
Wheezing 7% 1% 296
Difficulty remembering 9% 2% 294
Hand/wrist pain 9% 3% 295
Chest tightness 10% 1% 293
Problems with contacts 10% 7% 266
Shortness of breath 12% 3% 295
Aching muscles/joints 14% 5% 291
Hoarseness 15% 4% 293
Nausea 16% 1% 293
Upper back pain 17% 9% 293
Blurry vision 18% 4% 293
Lower back pain 18% 8% 293
Shoulder/neck pain 19% 9% 293
Sore throat 19% 2% 294
Dry skin 20% 12% 292
Feeling depressed 22% 5% 296
Dizzineass/lightheadedness 24% 5% 295
Cough 25% 7% 299
Difficulty concentrating 30% 6% 294
Chills 32% 13% 295
Running nose 32% 15% 295
Sneezing 38% 14% 300
Burning eyes a8y 14% 295
Dry throat 40% 18% 295
Tension/nervousness 42% 15% 295
Stuffy nose 46% 27% 294
Dry, itchy eyes 47% 24% 299
Fatigue/tiredness 47% 25% 296
Sore, strained eyes 51% 25% 294
Headache 55% 26% 298
Sleepiness 56% 22% 294

a Number of participants

answering gquestion.
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Table 3
Impact of Symptoms on Employees’ Ability to Work Last Year
Toledo Municipal Building

HETA 89-06S
Total Percent of Respondents
Respondin Never Rarel Somet g __Often ways

Symptoms Reduced 287 32.4% 31.7% 29.3% 5.9% 0.7%
Ability to work

Symptoms Resulted 288 55.6% 23.6% 19.1% 1.7% 0.0%
in Staying Home or

Leaving Work Early

Table 4

Percentage of Responding Employees Whe Asscciated
Symptoms With the Building Last Year
Toledo Municipal Building

HETA B89-065
Total
Percent Responding
Percent Associating Symptoms with Building 70.4% 284
Symptoms Improved over Preceding Year ) 4.4% 228
Symptoms Became Worse over Preceding Year 24.1% 228

Symptoms Remained the Same over the Year 71.5% 228
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Table 5

Percentage of Responding Employees Reporting Changes
in Frequency and Duration of Infections"' Since Beginning
Work at Toledo Government Building
Toledo Municipal Building
HETA 895-065

a Upper respiratory

Percent Who Report Having Infections:

More Freguently
Less Frequently
Same Frequency
Employees Responding

44%

5%
51%
293

Percentage Whoee Infections Reportedly:

Last Longer

Are Shorter

Are Unchanged
Enmployees Responding

tract infections.

48%

1w
Sls
291

Table 6

Season({s)’ When Respondents Were Hothered by Symptoms

Toledo Municipal Building
HETA 89-065
Season Fregquency
Winter 119
Spring 31
Summer 27
Fall 43
No seasonal relationship 158

The questionnaire allowed more than one

season to be indicated.
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Table 7A
Prevalence of Sick Building Syndrome (SBES1)* by Gender
Toledo Municipal Building

HETA 89-065
Prevalence Risk 95%
Gender** of SBS Ratio C.I . **%
Male 5.6% 1
Female 33.3% 6.0 2.8 - 12.6

*

SBS1 defined by reporting building-related symptoms "often" or "always."
** 290 respondents reported gender.
**x 95% confidence interval for risk ratijo.

Table 7B
Prevalence of Sick Building Syndrome (SBS52)* by Gender
Toledo Municipal Building

HETA 85-065
Prevalence Risk 95%
Gender** of SBS2 Ratio C.I.%**w
Male 11.2% 1
Female 25.6% 2.3 1.3 - 3.9

S§B52 defined by reporting building-related symptoms “sometimes,™ “often,*”
or "always.”

*% 290 respondents reported gender.

*** 95% confidence interval for risk ratio.
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Table 8
Age and Gender Distribution for Respondents
Toledo Municipal Building

HETA 895-065
Respondents
Male Female
Employees Responding 123 160
Percent 24 years or younger 0.8% 3.7%
Percent 25-35 years 19.5% 22.5%
Percent 35-44 years 39.0% 39.4%
Percent 45-54 years 17.1% 18.8%
Percent 55-64 vyears 22.8% 15.6%
Percent 65 years or older 0.8% 0%
Table 9

Prevalence of Sick Building Syndrome by Two Definitions
(SBS1* and SBS2°) by Age Adjusted for Gender
Toledo Municipal Building

HETA B9-065
Prevalence of SBS1 Prevalence of SBS2
Age® Men Women Men Women

<25 years 0.0% 16.7% 0.0% l16.7%
25 - 34 years 4.2% 36.1% 4.2% 22.2%
35 - 44 years 6.3% 38.1% 8.3% 31.8%
45 - 54 years 9.5% 26.7% 14.3% 24.1%
S5 - 64 years 3.6% 32.0% 17.9% 20.0%
<65 years 0.0% - 0.0% -

a 8BSl defined by reporting building-related symptoms "often” or "always”
(1 nonspecific plus 2 irritative}.
b SBS2 defined by reporting building-related symptoms “"sometimes,™ "often,"”
or "always" (2 nonspecific plus 4 irritative).
¢ P=0.87, chi? for general asscociation between SBS1 and age adjusted for
gender.
P=0.87, Chi? for general association between SBS2 and age adjusted for
gender.
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Table 10
Education Among Respondents
Toledo Municipal Building

HETA 89-065
Respondents
Male Female
Employees Responding 120 154
8th grade or less 0% a1
9th, 10th, or 1llth grade 0.8% Q.6%
High School Graduate 12.5% 50.0%
2 yrs college or associate degree 23.3% 30.5%
Bachelor's or technical degree 30.0% 9.7%
Some graduate work l14.2% 4.5%
Graduate or professional degree 19.2% 4.5%
Table 11

Prevalence of Sick Building Syndrome by Two Definitions
{5BS1®* and S$BS52") by Bducation Level Adjusted for Gender
Toledo Municipal Building
HETA 89-065

Prevalence of SBS1* Prevalence of SBS2°
Education Level Men Women Men Women
9th, 10th,or 1l1th Grade 0.0% 0.0% 0.0% -
High School C.0% 37.7% 6.7% 27.3%
2 Years College 3.6% 36.2% 10.7% 25.5%
Bachelor's Degree 8.3% 20.0% 8.3% 6.7%
Some Graduate Work 11.8% 14.3% 23.5% 28.6%
Graduate or Professional 0.0% 28.6% 8.7% 0.0%

Degree

SBS1 defined by reporting building-related symptoms "often" or "always”
(1 nonspecific plus 2 irritative symptomsa).

b SBS2 defined by reporting building-related symptoms "sometimes," "often,”
or "always" (2 nonspecific plus 4 irritative symptoms).

¢ P=0.84 for general associatjon between SBS1 and education level adjusted
for gender. P=0.28 for general association between SBS2 and education
level adjusted for gender.
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Table 12
Distribution of Job Categories
Toledo Municipal Building

HETA 89-065
Job Categorjes Male Female
Number of Respondents 116 152
Managerial and 59.5% 19.7%
Professional
Technicial, Support, 40.5% 80.3%

Clerical, Service

Table 13

Prevalence of Sick Building Syndrome by Two Definitions (SBS1" and SBS2b)

by Job Category and Gender
Toledo Municipal Building

HETA 89-065
Prevalence Risk Prevalence Risk
. of SBS1* Ratic® of sps2b Ratio®
Job Category Male Female  (95% C.I.)¢ Male® Female {9s% ¢.1.}¢
Managerial and 4.4% 26.7% 7.3%  16.7%
Professional
Technical,Support, 4.3% 35.3% 1.3 17.0% 26.5% 1.8
Clerical,Service (0.7-2.3)

(1.0-3-5)

a SBS1 is defined by reporting building-related eymptoms "often™ or “"always"
{1 nonspecific plus 2 irritative symptoms}).

b 5852 ls defined by reporting building-related symptoms "sometimes,™
"often, ™ or "always” (2 nonspecific plus 4 irritative symptoms).

Cc Summary statistic adjusted for gender.

d 95% Confidence Interval.

@ p=0.1 for association between job category and SBS2 among men.
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Table 14
Percentage of Responding Employees Who Report Eye, Nose, Throat or
Respiratory Irritation to Varjous Causes at Workstation During Preceding Year
Toledo Municipal Building

HETA 89-065
Number
Cause Never Rarely Sometimes Often Always Reporting

Tobacco Smoke 63.9% 17.3% 11.2% 4.4% 3.1% 294
office Chemicals Fumes® 68.5% 21.6% 7.2% 2.4% 0.3% 292
Paint Fumes 70.5% 22.0% 6.4% 0.3% 0.7% 295
Carpet Cleaner Fumes 78.2% 15.0% 6.1% 0.0% 0.7% 294
Photocopy Fumes 81.2% 13.0% 3.8% 1.7% 0.3% 293
New Carpeting Fumes 84.6% 10.6% 4.1% 0.3% 0.3% 292
New Curtains Fumes 87.3% 11.0% 1.4% 0.0% 0.3% 291
Pesticide Fumes 91.4% 6.2% 2.1% C.3% 0.0% 290

a The use of the word "fumes" in this report follows the wording used in the
employee questionnaire. The more appropriate term would be vapors.
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Table 15
Prevalence of Sick Building Syndrome by Two Definitions (SBS1*
and SBS2°) by Irritation from Various Fumes Adjusted for Gender
Toledo Municipal Building

HETA 89-065
Prevalence Risk Prevalance Riek
of SBS1 Ratio of SBS2 Ratio
Fume® Men Women {95% C.I.) Men Women {95% C.1.})

Tobacco Smoke

yes 4.5% 53.1% 1.7 22.7% 59.4% 3.2

no 5.8% 28.9% {1.1-2.7) 8.7% 17.3% (2.1-5.0)
Photocopy Machine

yes 25.2% 33.3% 1.2 50.0% 50.0% 2.5

ne 5.0% 34.0% {(0.5-2.5) 10.0% 24.0% (1.3-4.6)
Office Chemicals

yes 25.0% 66.7% 2.5 50.0% 52.4% 2.9

no 4.3% 29.0% (1.6-3.9) B.6% 21.9% (1.8-4.7)
Pesticide

yes 0.0% 40.0% 1.1 50.0% 60.0% 2.8

no S.7% 33.8% {0.3-3.5) 10.6% 24.7% {(1.2-6.5)
New Carpet

yes 16.7% 57.1% 1.9 66.7% 71.4% 4.2

ne 5.0% 32.7% {0.9-4.1) 8.4% 23.5% {2.3-7.5)
New Curtains

yes 0.0% 75.0% 2.2 0.0% 75.0% 2.7

no 5.6% 32.7% (0.8~-5.6) 11.3% 24.3% (1.0-7.4)
Paint

yes 0.0% 75.0% 2.4 40.0% 43.8% 2.1

no 5.8% 29.2% (1.4-4.0) 10.0% 23.8% (1.1-3.9)
Carpet or other

Cleaners

yes 20.0% $3.3% 1.8 40.0% 46.7% 2.2

no 5.0% 31.7% (1.0-3.2) 10.0% 23.6% (1.2-4.1)

a SBS]1 defined by reporting building-related symptoms "often" or
"always” (1 nonspecific plus 2 irritative).

b SBsS2 defined by reporting building-related symptoms *sometimes,"
*often, " or "always™ (2 nonspecific plus 4 irritative).

¢ Experiencing eye, nose, throat, or respiratory irritation "sometimes,*
“often," or “"always" from fumes in the past year.
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Table 16
Types of Furniture, Equipment, and Changes
Within 15 Feet of Respondent's Workstation
Toledo Municipal Building

HETA B9-065
Total
Responding Yes Responding

Carpet on Workstation Floor 100.0% 299
File cabinet 83.2% 297
Fabric-Covered Partitions 80.4% 296
Wood or Composition Desk 72.2% 288
Live Plants 70.9% 292
Other Metal Furniture 70.1% 294
Metal Bookshelves 68.8% 295
Metal Desk 68.7% 297
Other Wood or Composition Furniture 59.7% 288
Rearranged Walls 44.1% 290
Wood or Composition Bookshelves 39.8% 284
New Furniture 21.9% 288
New Equipment/Computer 21.3% 287
Laser Printer 18.5% 281
Photocopy Machine 15.8% 284
New/Continuing Water Leaks 15.6% 288
New Carpeting 9.3% 289
Blue Print Machine 1.4% 278
Walls Painted 1.4% 287
Portable Humidifier 0.7% 281

New Curtains 0.0% 287
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Table 17
Prevalence of Sick Building Syndrome by Two Definitions
{$BS1* and SBS2®) by Presence of Items Located Within 15 Feet of
Workstatjon (WS) Adjusted for Gender
Toledo Municipal Building

HETA 89-065
Prevalence Prevalence

Item within 15 of SBS1 Risk Ratio® of SBS2 Risk Ratiof
Feet of WS Male Female {95% C.I.) Male Female {95% C.I.})
Bookcases

yes 4.9% 32.3% 0.8 13.7% 24.2% 1.1

no 9.5% 36.7% (0.5-1.4) 0.0% 30.0% {0.6~2.1)
File Cabinet

yes 7.3% 33.6% 1.4 13.5% 25.2% 1.2

ne 0.0% 29.2% {0.7-2.7) 3.9% 29.2% {0.6-2.3)
Wood Furniture

yes 6.5% 34.1% 1.2 11.1% 24.8% 0.8

no 0.0% 30.6% {0.7-2.1) 7.7% 30.6% (0.5-1.5)
Fabric Partitions

yes 7.6% 31.9% 1.0 14.1%  24.1% 1.2

no 0.0% 41.7% (0.6-1.7) 3.2% 29.2% {0.6-2.4)
Photocopy Machine

yes 18.8% 45.5% 1.7 18.2% 30.3% 1.4

no 3.8% 30.4% {1.0~-2.6) 9.5% 23.4% (0.8-2.4)
Lagser Printer

yes 0.0% 3%9.0% 1.2 10.0% 24.4% 1.0

no 5.7% 31.9% (0.7-1.9) 10.4% 25.0% {0.5-1.8)
Blueprint Machine

yes 0.0% 50.0% 1.3 0.0% 50.0% 1.4

no 5.3% 33.1% {0.3-6.8) 10.68% 24.7% {(0.3-8.2)
Live Plants

yes 4.5% 31.6% 0.8 11.9% 22.7% 0.8

no 5.6% 42.9% {(0.5-1.2) 9.3% 35.7% (0.5-1.4)

a SBSl is defined by reporting building-related symptoms "often" or
"always™ (1 nonspecific plus 2 irritative aymptoms)

b SBS2 is defined by reporting building-related symptoms “sometimes,"
"often,” or "always" (2 nonspecific plus 4 irritative symptoms)

¢ Summary Statistic adjusted for gender.
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Table 18
Prevalence of Sick Building Syndrome by two Definitions (SBS1" and SBS2%)
and Changes at Respondent's Workstation (WS) Within the Past Year
Adjusted for Gender
Toledo Municipal Building

HETA 89-065
Change within 15 Prevalence Prevalence
Ft. of WS within of SBS1 Risk Ratiof of SBS2 Risk Ratioc®
__past year Men Women {95% C.1.}) Men Women (958 C.I.)

New Carpeting

Yes 12.5% 61.1% 2.0 25.0% 50.0% 2.3

no S.4% 30.1% {(1.2-3.4) 9.9% 22.5% (1.3-4.0)
New Computer

yes 7.7% 28.6% 0.9 15.4% 23.5% 1.0

no 5.5% 34.1% {(0.5-1.5) 10.0% 26.2% (0.6-1.8)
Walls Painted

yes 12.2% 34.1% 1.2 0.0% 75.0% 3.1

no 2.6% 32.5% (0.8-1.9) 11.2% 24.5% (1.2-8.0)
Walls Rearranged

yes - 25.0% 0.8 21.9% 30.9% 2.0

no 5.9% 33.3% (0.2-3.8) 5.1% 19.5% {(1.2-3.2)
Water Leaks

yes 11.1% 33.3% 1.1 16.7% 33.3% 1.5

no 4.9% 33.1% {0.6-1.9) 9.9% 23.5% {0.8-2.6)

a SBS1 is defined by reporting building~related symptoms "often” or “always"
{1 nonspecific plus 2 irritative symptoms)

b SBS2 is defined by reporting building-related symptoms "sometimes,"
"often,” or "always" (2 nonspecific plue 4 irritative symptoms)

¢ Summary statistic adjusted for sex.
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Table 19
Tenure and Characterization of Respondent's Office Activities
Toledo Municipal Building
HETA 89-065

_Mean Median
Years Working in Building 4.4 5.0
Years at Current Workstation 2.7 2.0
Hours/Week in Building 36.8 40.0
Hours/Day at Workstation 6.4 7.0
Hours/Day with Computer 2.7 1.0
Hours/Day with Photocopy Machine 1.1 1.0
Hours/Day with Office Chemicals 0.5 0.0
Hours/Day with Blueprint Machines 0.2 0.0

Table 20

Prevalence of Sick Building Syndrome By Two Definitions (SBS1*
and SBS2®) and Office Activities Adjusted for Gender

Prevalence Risk Prevalence Risk
of SBS1 Ratio® of SBS2 Ratio®
Office Agtivity Men Women {95% CI) Men Women {95% CI)
Computer or Word Processor Use
More than 3 hours per day 4.2% 38.7% 1.3 8.3% 28.0% 1.2
3 or fewer hours per day 3.5% 30.4% (0.8-1.9) 9.2% 21.5% (0.7-2.1)
Photocopy Machine Use
More than 1 hour per day 8.3% 47.1% 1.4 33.3% 35.3% 2.0
1 hour or less per day 5.7% 33.3% (0.8-2.5) 7.6% 23.5% (1.1-3.7)
Office Chemical Use
1 hour or more per day 6.9% 31.6% 0.9 13.8% 24.1% 1.0
Less than 1 hour per day 4.8% 36.5% (0.6-1.4) 9.6% 27.0% (0.6-1.6)
Blueprint Machine Use
1 hour or more per day 15.8% 27.3% 1.3 21.1% 36.4% 1.7
Less than 1 hour per day 3.3% 35.1% {0.6-2.7) 8.9% 25.4% (0.9-3.5)

a 8BSl is defined by reporting building-related symptoms "often"™ or "always"
(1 nonspecific plus 2 irritative symptoms)

b SBS2 is defined by reporting building-related symptoms “sometimes,™
*often,” or "always” (2 nonspecific plus 4 irritative symptoms)

c Summary statistic adjusted for sex.
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Table 21
Prevalence of Sick Building Syndrome by Two Definitions (SBS1*
and SBS2°) and Various Variables Adjusted for Gender
Toledo Municipal Building

HETA 89-065
Prevalence Prevalence
of SBS1 of SBS2
Variable Men Women P Value® _Men Women P Value®
Hours per wk in building
greater than 40 hours 4.2% 41.3% 0.109 9.8% 27.6% 0.899
40 hours 6.3% 31.0% B.3% 24.1%
less than 40 hours 3.9% 23.3% 12.5% 23.9%
Times you go ocutdoors?
0 to 2 times per week 0.0% 34.6% 0.796 5.0% 25.5% 0.673
3 or 4 timea per week 0.0% 33.3% 5.0% 28.9%
5 times or more 6.9% 32.1% 13.9% 23.1%
Years working in building
less than 3 years 0.0% 23.9% 0.114 4.0% 19.6% 0.729
3 - 5 years 4.6% 37.5% 13.6% 35.0%
more than 5 years 7.6% 35.1% 9.4% 22.4%
Number of people near workstation
less then 8 people 5.3% 26.8% 0.1%0 7.0% 24.4% 0.033
8 - 10 people 6.1% 31.0% g9.1% 12.3%
more then 10 people 6.7% 39.3% 13.3% 39.3%

a SBSl is defined by reporting building-related symptoms "often”™ or
"always” (1 nonspecific plus 2 irritative symptoms).
b SBS2 is defined by reporting building-related symptoms “sometimes,”
“often,” or “always" (2 nonspecific plus 4 irritative symptoms).
¢ Mantel-Haenszel summary statistic adjusting for sex.
d Number of times per week that a worker leaves the building to go outside
during the workday.
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Table 22
Prevalence of Sick Building Syndrome by Two Definitions (SBS1'
and SBS2°) and Type of Workstation Space Adjusted for Gender
Toledo Municipal Building

HETA 89-065

Prevalence Prevalence

of SBS1 of SBS2
Tvpe of Space Men Female P Value® Men Women P value®
Office with door 0% 22.2% 0.160 3.7% 11.1% 0.257
Ceiling high partitions (013 50.0% 0.0% 33.3%
Mid height partitions 7.9% 27.8% 14.5% 21.4%
Open coffice area 6.3% 43.1% 12.5% 31.4%

a 5BSl is defined by reporting building-related symptoms "often™ or
"always” (1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reporting building-related symptoms "sometimes,"”
"often,"” or "always" (2 nonspecific plus 4 irritative symptoms).

¢ General association summary statietic adjusted for sex.

Table 23
Prevalence of Sick Building Syndrome by Two Definitions (SBS1*
and SBS2°) and Type of Space Sharing Adjusted for Gender
Toledo Municipal Building

HETA 89-065
Prevalence Prevalence
of SBS)1* of SBS2P
Type of Sharing Me: W P Vvalue* e ale P Value®
Single occupant 4.9% 27.9% 0.462 11.0% 18.6% 0.192
Share with one 13.3% 34.6% 13.3% 20.0%
Share with two or more 3.7% 36.9% 11.1% 34.8%

a 6SBS1 is defined by reporting building-related symptoms "often™ or
"always” (1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reporting building-related symptoms "sometimes",
"often” or "always" (2 nonspecific plus 4 irritative symptoms).

¢ General association summary statistic adjusted for gender.
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Table 24

Percent Reporting Odore at Workstation During Past Year
Toledo Municipal Building

HETA 89-065
Total

Odor Report Somet often wavys
Cosmetice 293 27.3% 7.8% 3.1s
Other Food Smells 290 17.6% 4.5% 0.0%
Tobacco Smoke 292 15.4% 3.8% 2.1%
Office Chemicals 291 13.1% 1.0% 0.7%
Body odor 293 9.9% 3.1% 0.3%
Paint 291 7.9% 0.0% 0.7%
Carpet Cleaners 291 7.9% 0.0% 0.3%
Blueprint Machine 291 6.2% 2.7% 1.7%
Musty/Damp Basement 293 5.5% 1.4% 0.0%
Photocopy Machine 288 4.9% C.7% 0.7%
New Carpet Odor 292 4.8% 0.0% 0.7y
Diesel Engine Exhaust 292 2.1% 0.7% 0.0%
Pesticides 291 1.4% 0.0% 0.0%
Fishy Smells 291 1.0% 0.7% 0.0%
New Curtain Odor 291 0.7% 0.0% 0.0%
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Table 25

Prevalence of Sick Building Syndrome by Two Definitions (SBS1®

and §BS2°)} and Odors Noticed at Workstation in the

Past Year Adjusted for Sex
Toledo Municipal Building

HETA 89-065
Prevalence Risk Prevalence Risk
of SBsl Ratiof of SBS2 Ratiof

odor _Men W n 9 . e Wome {(95% C.I.)
Body Odor

yes 12.5% 55.2% 2.0 §0.0% 39.3% 2.3

no 5.2% 28.5% {1.2-3.1) 8.6% 21.5% (1.4-3.8)
Cosmetic Odor

yes (013 42,9% 1.5 21.2% 32.9% 2.0

no 7.7% 24.1% (1.0-2.3) 7.7% 18.1% (1.3-3.2)
Tobacco Smoke

yes 7.4% 48.5% 1.6 14.8% 43.8% 2.0

nc 5.2% 29.6% {(1.0-2.5}) 10.3% 20.0% (1.2-3.2)
Fishy Smells

yes 0% 25,.0% 0.7 Os 75.0% 2.8

no 5.7% 33.8% (0.1-3.6) 11.5% 23.5% (1.1-7.6)
Other Food Smells

yes 0% 43.5% 1.3 15.8% 35.6% 1.7

ne 6.7% 30.0% {0.8-2.1) 10.5% 20.9% (1.0-2.7)
Musty Smells

yes os 61.1% 2.0 o% 55.6% 2.5

no 5.7% 29.8% (1.2-3.4) 11.5% 20.7% (1.4-4.6)
New Carpet

yes 20.0% 27.3% 1.0 40.0% 60.0% 2.9

no 5.0% 34.0% (0.4-2.3) 10.0% 22.5% (1.5-5.5)
New Curtain

yes 0% 50.0% 1.4 0% 100.0% 3.4

ne 5.7% 33.3% (0.3-7.1) 11.5% 23.9% (1.0-11.0)
Diepel or Engine Exhaust

yes - 25.0% 0.7 - 25.0% 1.0

no 5.7% 34.0% {(0.2-2.3) 11.3% 24.8% (0.3-3.5)
Photocopy Machine

yes 28.6% 40.0% 1.6 42.9% 40.0% 2.3

Table 25 continued on next page.
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Table 25, Centinued
Prevalence of Sick Building Syndrome by Two Definitions (SBs1®
and SBS2") and Odors Noticed at Workstation in the
Past Year Adjusted for Sex
Toledo Municipal Building
HETA 89-065

Prevalence Risk Prevalence Risk
of SBS1 Ratiof of SBS2 Ratio*
odor Male Female _(95% C.I.} _Male Female {95% C.T.}-
Blueprint Machine
yes 14.3% 25.0% 1.0 21.4% 31.3% 1.5
no 4.6% 34.5% (0.5~2.0) 10.1%  24.1% (0.8-2.9)
Office Chemicals
yes 18.2% 43.8% 1.5 36.4% 37.5% 2.0
no 4.4%  33.3% (0.5-4.7) 8.9% 21.8% (1.2-3.4)
Pesticide
yes - 50.0% 1.5 - 75.0% 3.2
no 5.7% 33.3% (0.5-4.7) 11.3% 23.7% {(1.2-8.3)
Carpet Cleaners
yes 16.7% 47.7% 1.6 33.3% 47.1% 2.3
nec 5.1% 32.1% {0.9-2.8) 10.2% 22.3% (1.3-3.1)
Paint
yes 0% 47.4% 1.4 33.3% 47.4% 2.3
no 6.0% 32.4% (0.8-2.5) 10.3% 22.5% (1.3-4.0)

a 8SBSl is defined by reporting building-related symptoms "often" or
"always™ (1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reporting building-related symptoms "sometimes,”
"often," or “"always” (2 nonspecific plus 4 irritative symptoms).

€ Summary Statistic adjusted for sex.
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Table 26
Employee Responses Regarding Physical Environment at Their Workstation
Toledo Municipal Building

HETA 89-065
Employee Response Number
Never Rarely Sometimes Often Always Responding

Too much air 46.7% 27.4% 15.8% 7.0% 3.2% 285
Too little air 18.4% 15.3% 24.7% 19.8% 21.9% 288
Want to adjust air 16.5% 9.2% 27.8% 25,0% 21.5% 284
Too hot 21.6% 22.6% 32.4% 16.4% 7.0% 287
Too cold 14.6% 21.5% 38.9% 19.4% 5.6% 288
Want to adjust temp. 9.8% 8.8% 34.7% 24.2% 22.5% 285
Too humid 58.1% 24.3% 12.3% 3.5% 1.8% 284
Too dry 15.5% 14.1% 23.4% 20.3% 26.6% 290
Want to adjust humidity 27.4% 11.0% 22.8% 16.7% 22.1% 281
Too stuffy 11.8% 9.3% 27.7% 18.7% 32.5% 289
Tco noisy 32.9% 26.2% 21.3% 9.8% 9.8% 286
Too quiet 67.2% 23.0% 7.3% 1.0% 1.4% 287
Too dusty 45.5% 27.4% 13.5% 8.3% 5.2% 288
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prevalence of SBS by Two Definitions (S$BS1* and SBS2°) and

Table 27

complaints About Physical Environment at Workstation Adjusted for Gender

Toledo Municipal Building

HETA 89-065

complaint®

ToO

Too

Too

Too

Too

Too

Too

Too

o W

a0

much air movement
yes
no

little air movement
yes
no

hot
yes
no

cold
yes
no

humid
yes
no

dry
yes
no

stuffy
yes
no

noisy
yes
no

dusty
yes
no

Prevalence
of SBS1

20.0%
5.2%

11.1%
3.5%

13.6%
1.3%

16.7%
3.1%

37.5%
3.5%

Men Women

33.3%
32.6%

35.8%
28.4%

32.5%
33.6%

43.9%
27.3%

50.0%
31.3%

48.5%
8.3%

40.4%
20.7%

48.4%
29.8%

60.0%
26.4%

Risk
Ratio®

5% C.1.

0.9
{0.4-2.5)

1.3
(0.8-2.0)

1.0
(0.6-1.7)

1.6
(1.0-2.5)

1.8
(0.9-3.6)

5.2
(2.9-9.5)

2.6
(1.7-4.0)

M

Prevalence
of SBS2

Os 33.3%
12.3% 22.7%
19.4% 25.9%
8.1 23.0%
19.2% 22.5%
9.5% 26.7%
23.1% 38.6%
10.2% 18.2%
20.0% 40.0%
11.3% 24.3%
25.0% 3s5.1s
5.8% 10.0%
25.0% 32.3%
3.9% l13.8%
25.0% 22.6%
8.3% 26.6%
62.5% 43.3%
7.8% 20.8%

Risk
Ratio®

95% C.

1.2
(0.6-2.5)

1.4
{0.8-2.2)

1.1
(0.6.1.8)

SBS1 is defined by reporting building-related symptoms “"often* or
"always” (1 nonspecific plus 2 irritative symptoms).
§B52 is defined by reporting building-related symptoms “sometimes, "
"often,” or "always* (2 nonspecific plus 4 irritative symptoms).

Summary Statistic adjusted for Gender.
Complaint of condition "often" or "always" in past year at workstation.
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Table 28

Distribution of Responses Regarding Conditions at

Employees' Workstation
Toledo Municipal Building

HETA 89-065
Condition Male Female
Lighting Too Dim
ves 23.6% 32.5%
no 76.4% 67.5%
Lighting Too Bright
yese 7.3% 10.0%
no 92.7% 90.0%
Glare (cften or always)
yes 15.3% 20.7%
no 84.7% 79.3%
Glare From Windows
yas 8.9% 11.6%
no 91.1% 88.4%
Glare From Fluorescent
Lights
yes 6.5% 11.6%
no 93.5% 88.4%
Glare From Video Terminals
yes 4.0% 8.5%
no 96.0% 91.5%
Uncomfortable Chair
yes 26.4% 3s.6%
no 73.6% 61.4%
Uncomfortable Desk Setup
yes 15.3% 28.4%
no 84.7% 71.6%
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Table 29
Prevalence of Sick Building Syndrome by Two Definitiona (SBS1*
and $BS2°) and Conditions at Employees'
Workstation Adjusted for Gender
Toledco Municipal Building
HETA 89-065

Prevalence Risk Prevalence Risk
of SBS1 Ratio® of SBS2 Ratio®
condition Male Female {95% C.I.) Male Female (95% C.I1.)
Lighting too dim
yes 13.8% 42.3% 1.7 24.1% 23.1% 1.2
no 3.2% 28.7% {1.1-2.5) 7.5% 26.2% (0.8-7.0)
Lighting too bright
yes 11.1% 43.7% 1.4 11.1% 25.0% 1.0
no 5.3% 31.9% (0.8-2.7) 11.4% 25.2% {0.4-2.2)
Glare
{(often or always)
yee 10.5% £2.9% 1.9 26.3% 35.3% 1.8
no 4.8% 28.5% (1.2-2.9) 8.6% 23.3% {1.1-2.9)
Glare from Windows
yes 9.1% 63.2% 2.1 27.3% 36.8% 1.7
no 5.3% 29.7% (1.3-3.4) 9.7% 24.3% (1.0-3.2)
Glare from
Fluorescent Lights
yes 12.5% 63.2% 2.1 37.5% 42.1% 2.1
no 5.2% 29.7% {(1.3-3.5) 9.5% 23.6% (1.2-3.7)
Glare from Video
Display Screen
yes 20.0% 71.4% 2.5 40.0% 35.7% 1.8
no 5.0% 30.0% {1.5—4.2}) 10.1% 24.8% (0.9-3.5)
Uncomfortable Chair
yes 15.2% 41.3% 1.7 21.2% 36.5% 2.2
no 2.2% 28.0% (1.2-2.6) 7.6% i8.2% {1.4-3.4)
Uncomfortable
Desk Setup
yes 21.1% 41.3% 1.6 31.6% 34.8% 2.0
no 2.9% 30.2% {1.1-2.5) 7.6% 21.7% {1.2-3.1)

a SBS1l is defined by reporting building-related symptoms “often” or “"always”
(1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reporting building-related symptoms "sometimesg, "
"often,” or "always" (2 nonspecific plus 4 irritative symptoms).

c Summary statistic adjusted for sex.
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Table 30

Health History of Employees
Toledo Municipal Building

HETA 89-065

Percent Reporting

*Yes' to Conditicon
Conditjion Male Female
Physician diagnosed eczema 4.0% 6.7%
Physician diagnosed asthma 3.3% 6.1%
Self-reported pollen allergy 27.1% 22.3%
Self-reported animal allergy 9.0% B.5%
Self-reported dust allergy 29.0% 33.3%
Self-reported mold allergy 15.5% 21.8%
Current Smoker 24.8% 27.3%



adz1

adz1

adz1


Table 31
Prevalence of Sick Building Syndrome By Two Definitions (SBS1*
and SBS2") and Health Conditions Adjusted for Gender
Tocledo Municipal Building
HETA 89-065

Prevalence Risk Prevalence Risk
_ of SBS Ratio® of SBS2 Risk®

Health Condition Men Women (95% CI) Men Women (95% CI)
Physician diagnosed eczema

yes 40.0% 54.6% 2.2 20.0% 36.4% 1.5

no 4.2% 32.1% (1.2-3.9) 10.9% 25.0% (0.7-3.4)
Physician diagnosed asthma

yes 0% 50.0% 1.4 0% 22.2% 0.7

no 5.0% 32.5% {0.7-3.1) 10.9% 26.0% (0.2-2.5)
Self-reported pollen allergy

yes 6.1% 42.9% 1.3 15.2% 28B.6% 1.2

no 5.6% 31.2% (0.8-2.1) 10.1% 24.8% {0.7-2.1)
Self-reported animal allergy

yes 0% 46.1% 1.2 9.1% 15.4% 0.6

no 6.3% 27.4% (0.6-2.4) 11.7% 26.6% (0.2-1.8)
Self-reported dust allergy

yes 8.3% 49.1% 1.8 14.0% 34.0% 1.5

no 4.6% 27.4% (1.2-2.7) 10.2% 21.9% {0.5-2.4)
Self-reported mold allergy

yes 0% 50.0% 1.5 21.1% 35.3% 1.7

no 6.7% 28.7% (0.9-2.4) 9.6% 22.3% {(1.0-2.8)
Current Smoker

yes 9.7% 37.2% 1.2 9.7% 26.7% 1.0

no 4.3% 31.7% (0.8-2.0) 11.7% 25.2% (0.6-1.7)

a 8BSl is defined by reporting building-related symptoms "often" or "always”
(1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reperting building-related symptoms "sometimes,”
"often," or "always" (2 nonspecific plus 4 irritative symptoms).

c Summary statistic adjusted for sex.
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Table 32A
Distribution of Building Occupants by Industrial Hygiene
Measurements® and Gender
Toledo Municipal Building
HETA 89-065

Male Females

Average Temperature

> 71 and < 73 F 29.8% 25.2%

>73 and < 74 F 47.3% 44.8%

> 74 and £ 75.25 F 24.2% 30.0%
Average Respirable Particulate®

> 0.011 and < 0.018 24.2% 35.0%

> 0.018 and < 0.035 42.7% 32.5%

> 0.035 and < 0.277 33.1% 32.5%
Average Relative Humidity

> 26% and < 30% 34.7% 28.2%

> 30% and < 39% 33.9% 32.5%

> 39% and < 48% 33.1% 32.5%
Maximum CO, Concentration

2 650 and < 850 ppm 41.1% 29.5%

> B50 and < 1000 ppm 33.1 27.0%

> 1000 and < 1250 ppm 25.8% 43.5%

Industrial Hygiene Measurements were taken at 4 times in one day at
each of B locations on each of 8 floors.
b Respirable particulate measured in units of micrograms per cubic meter.
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Table 32B
Prevalence of Sick Building Syndrome by Two Definitions (SBS1* and
S§BS2°) and Industrial Hygiene Measurements® Adjusted for Gender
Toledo Municipal Building
HETA 89-065

Prevalence Prevalence
of SBS1 p? of SBS2 p?
Male Females Value Male Females Value

Average Temperature

> 71 and < 73 F 8.1% 24.4% D.45 10.8% 22.5% 0.82
> 73 and < 74 F 5.3% 38.4% 10.5% 27.4%
> 74 and £ 75.25 F 3.3% 30.6% 10.0% 22.4%

Average Respirable Particulate*
> 0.011 and < 0.018 3.3% 35.1% 0.19 16.7% 29.8% 0.22
> 0.018 and < 0.035 3.8% 24.5% 7.6% 19.2%
> 0.035 and < 0.150 9.8% 37.7% 9.8% 24.5%

Average Relative Humidity
> 26% and < 30% 4.7% 30.4% 0.89 4.6% 35.6% 0.48
> 30% and < 39% 9.5% 30.7% 14.3% 16.1%
> 39% and < 48% 2.6% 36.4% 12.8% 25.4%

Maximum CO, Concentration
> 650 and < 850 ppm 5.9% 29.2% 0.42 11.8% 12.5% 0.22
> 850 and <€ 1000 ppm 4.9% 27.3% 7.3% 34.9%
> 1000 and < 1250 ppm 6.3% 38.0% 17.5% 26.8%

a SBSl is defined by reporting building-related symptoms “often" or
"always® (1l nonspecific plus 2 jrritative symptoms).

b SBS2 is defined by reporting building-related symptome "sometimes,"”
"often,” or "always"™ (2 nonspecific plus 4 irritative symptoms).

¢ Industrial Hygiene Measurements were taken at 4 times in one day at
each of 8 locations on each of 8 floors.

d Summary Statistic for general association adjusted for gender.

e Respirable particulate measured in units of micrograms per cubic meter.
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: Table 33
Prevalence of Sick Building Syndrome by Two Definitions (SBS1' and SBs2")
and Work-Related Streseors and External
Stress Adjusted for Sex
Toledo Municipal Building

HETA 89-065
Prevalence Prevalence
of SBS1 ) of SBS2 Pt

_Stress Variable® —Men Women  Value = _ Men Women Value
Job Satisfaction 0.01 <.01

Low 12.5% §52.2% 21.9% 43.5%

Medium 3.3% 28.1% 6.7% 21.9%

High 3.8% 26.2% 7.7% 12.2%
Job Control .83 0.14

Low 6.7% 34.9% 23.3% 30.2%

Medium 6.5% 36.7% 10.0% 22.0%

High 5.7% 31.4% 7.5% 23.5%
Quantitative workload 0.28 0.03

High 9.1% 37.0% 21.2% 28.9%

Medium 3.6% 27.4% 7.3% 14.5%

Low 5.9% 38.5% 8.8% 232.7%
Role conflict 0.01 0.10

High 7.0% 41.5% 16.3% 39.0%

Medium 7.7% 43.3% 12.8% 23.7%

Low 2.5% 19.3% 5.08 15.8%
Utilization of abilities 0.3 ' 0.12

Low 10.0% 34.6% 20.0% 25.0%

Medium 5.6% 40.0% 11.1% 31.1%

High 2,28 28.8% 4.4% 19.0%
Role ambiguity 0.54 0.34

High 6.4% 38.9% 17.0% 28.6%

Medium 6.8% 35.8% 9.1% 20.9%

Low 3.5% 9.6% 6.9% 27.8%
External stress 0.75 0.23

High 10.0% 34.9% 20.0% 28.6%

Medium 2.8% 35.9% 5.6% 23.7%

Low 3.6% 31.5% 7.3% 22.2%

a SBS1 is defined by reporting building-related symptoms "often"™ or
“always"” (1 nonspecific plus 2 irritative symptoms).

b SBS2 is defined by reporting building-related symptoms “"sometimes,”
"often," or "always” (2 nonspecific plus 4 irritative symptoms).

¢ Categories for each stress variable were constructed to approximate high,
medium and low textiles before stratifying by sex.

d Mantel-Haenszel summary statistic adjusting for sex.
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Table 34
Prevalence of High Depression Scale Scores* and Job Characteristic
and Stress Levels Adjusted for Gender
Toledo Municipal Building
HETA 89-065

Prevalence of
Depressive Symptoms

Stress Variable® Men Women P Value®
Job Control " 0.34
Low 28.6% 40.5%
Medium 28.6% 33.3%
High 20.0% 28.6%
Job Satisfaction <.01
Low 44.4% 57.5%
Medium : 15.0% 30.0%
High T7.7% 17.5%
Quantitative worklocad 0.22
High 33.3% 34.1%
Medium 9.8% 34.6%
Low 34.4% 31.9%
Role conflict <.01
Bigh 38.1% 50.0%
Medium 14.2% 32.1%
Low 13.9% 22.6%
Utilization of abilities <.01
Low 45.7% 44.4%
Medium 20.0% 29.3%
High 7.1% 27.6%
Role ambiguity 0.03
High 36.6% 41.2%
Medium 19.1% 33.9%
Low 8.0% 2B.6%
External etrese 0.33
High 32.1% 36.2%
Medium 15.2% 28.9%
Low 21.6% 34.7%

a Center for Epidemiologic Studies - Depression (CES-D) Scale Score greater
than or equal to 16.

b Categories for each stress variables were constructed to approximate
high, medium, and low textiles before stratifying by sex.

c Mantel-Haenszel summary statistic adjusting for sex.


adz1

adz1

adz1


Table 35
Distribution of CES-D" Scale Scores by Gender
Toledo Municipal Building

HETA 89-065
CES-D Proportion Proportion
Score of Men of Women P-value®
0 to 15° 76.7% 65.5% 0.127
16 to 25 16.4% 22.3%
»259 6.9% 12.2%

a Center for Epidemiologicallstudiea - Depression Scale

b Summary Statistic for general association adjusted for gender.

¢ Interval chosen by score which accounted for B80% of a population-based
sample.

d Interval chosen to account for approximately ten percent of respondents

Table 36
Prevalance of Sick Building Syndrome by Two Definitions (SBS1®
and SBS2®) and CES-D° Scorep Adjusted for Gender
Toledo Municipal Building

HETA 89-065
CES-D Prevalence Risk Prevalence Risk
Score of SBS1 Ratio? of SBS2 Ratio?
Women {95% C.I.) _Men Woman (95% C.I.)
>25¢ 12.5% 61.1% 2.4 25,08 61.1% 3.6
<25 2.3% 26.8% (1.4-4.1) 5.6% 17.7% (2.0-6.3)
»>15 18.5% 49.0% 2.1 29.6% 41.2% 2.8
<15! 2.3% 26.8% (1.4-3.2) 5.6% 17.7% (1.8-4.5)
a SBS] is defined by reporting building-related symptoms "often" or
"always"” (1 nonepecific plus 2 irritative symptoms)
b SBS2 is defined by reporting building-related symptoms "sometimes,”
"often,"” or “always"™ (2 nonspecific plus 4 irritative symptoms)
€ Center for Epidemiological Studies - Depression Scale
d Risk of being a SBS case comparing each higher CES-D score interval

with the corresponding lower category. Risk ratios are adjusted for
effectas of gender.

€ CES-D score which accounts for approximately 10% of respondents.

t CES-D score which corresponds to 80% a population based sample.
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Table 37
Distribution of SAD" Symptomatology Scale Scores by Gender
Toledo Municipal Building
HETA 89-065

SAD Proportion Proportion
Score of Men of Women P-value®
0 to 2¢ 74.1% 71.3% 0.183
3 to 5 18.1% 14.0%
6 to 13¢ 7.8% 14.6%
a Seasonal Affective Disorder
b Summary statistic for general association adjusted for gender.
c Interval chosen to approximate the proportion of respondents expected
not to have subsyndromal seasonal affective disorder.
d 1Interval chosen to account for approximately 10% of respondents.
Table 38
Prevalance of Sick Building Syndrome by Two Definitions (SBS1*
and SBS2°) and SAD® Score Adjusted for Gender
Prevalence Risk Prevalence Risk
SAD of S§BS1 Ratiod of SBS2 Ratio?
Score Men Women (95% C.I.) Men Women {95% C.I.)
6 to 13° 22.2% 57.1% 2.2 33.3% 42.9% 2.4
0 to 2 3.5% 28.4% (1.4-3.7) 7.0% 20.8% (1.4-4.3)
3 to 13! 10.0% 46.3% 1.7 20.0% 39.0% 2.1
0 to 2 3.5% 28.4% (1.1-2.7) 7.0% 20.8% (1.3~3.4)

SBS1 is defined by reporting building-related symptoms "often” or
always™ (1 nonspecific plus 2 irritative symptoms)

SBS2 is defined by reporting building-related symptoms "sometimes,"
"often,"” or "always" (2 nonspecific plus 4 irritative symptoms)
Seasonal Affective Disorder

Risk of being a SBS case comparing each higher SAD score category with
the corresponding lower category. Risk ratios are adjusted for effects
of gender.

Interval chosen to approximate 10% of respondents.

Interval chesen to approximate the proportion of respondents expected to
have subsyndromal seasonal affective disorder.
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Table 39
Prevalance of Sick Building Syndrome by Two Definitions (SBS1' and
SBS52%) and Lighting Level Adjusted for Gender
Tolede Municipal Building

HETA 89-065
Prevalence Risk Prevalence Risk
Lighting (N%) of SBS1 Ratioc! of SBS2 Ratic*?
Level Men Women Men Women (95% C.I.) Men Women (95% C.I.)
Low 20 68 10.0% 35.8% 1.2 10.0% 25.0% 0.9
High® 105 96 4.8% 30.5% (0.8-1.9) 11.4% 26.3% {(0.6-1.5)

a SBsSl is defined by reporting building-related symptoms “often® or “always"
(1 nonspecific plus 2 irritative symptoms).

b 5BS2 is defined by reporting building-related symptoms "sometimes,”

"often," or "always" (2 nonspecific plus 4 irritative symptoms).

Number of men or women in each lighting level category.

Risk of being a SBS case for persons working in low lighting level areas

compared to persons working in high lighting level areas (adjusted for

gender).

e Defined by workstation location within 15 feet of a window with no
intervening wall or partition.

a0

Table 40
Prevalance of Depressive Symptomatology® by Lighting Level and SAD Score
Toledo Municipal Building

HETA 89-065
SAD Lighting Prevalence of Risk Ratio
Score Level Depresaion (N) (95% C.I.)
0-2 Low® 21.8% (55) 0.90
High* 24.2% (128) {0.50~-1.62)
3 -13 Low" 62.5% (24) 1.72
High* 36.4% (44) {1.03-2.88)

a CES~-D acore above 1§,
b Workstation location more than 15 feet from a window or having a partion
or wall between workstation and window.

¢ Workstatjion location within 15 feet of a window without an interviewing
wall or partition.
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Table 41
Prevalence of Depression by SAD Score and Lighting Level
Adjusted for Gender and Education Level
Toledo Municipal Building

HETA 89-065

SAD Education Lighting Prevalence of Depression Risk Ratioc?
Score Level Level Men Women {95% C.I.)
3-13 High Low 100.0% 62.5%

echool® High 25.0% 30.0%
3-13 2 year® Low 50.0% 42.9% 1.9

college High 16.7% 66.7% {(1.1-3.2)
3-13 College Low 100.0% 66.7

graduate® High 18.2% 33.3
0-2 High Low 0.0% 21.7%

school® High 33.3% 34.5%
0-2 2 year Low 0.0% 25.0% 0.7

college® High 16.7% 25.0% {0.4-1.4)
0-2 . College Low 20.0% 33.3%

graduate® High 17.4% 25.0%

High echool graduate or less education.

2 years of college or associates degree.

Cellege graduate or more education.

Summary statistic comparing prevalence of depression between low and high
lighting levels, adjusted for education level and gender.

ANDDTD
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Table 42
Logistic Regression Model for Variablee Associated with Sick
Building Syndrome by Two Definitions (SBS1® and SBS2%)
Toledo Municipal Building

HETA 89-065
sio odel 8
Variable Risk Ratjo 5% C.I.

Female Gender 7.
Office Solvents® 4.,
Body Odox® 3.
Depressed Mood® 2.

Regresejon Model for SBS2

Variable Risk Ratjo 95% C.I.
Female Gender 3.0 1.3- 7.0
Tobacco Smoke' 3.7 1.6~ 8.7
New Carpet Fumes? 4.7 1.0-21.3
Depressed Mood® 4.3 2.0~ 9.0
Denger Population® 2.4 1.1- 5.2

a SBSl is defined by reporting building-related gymptoms "often™ or
"alwayas" (1 nonspecific plus 2 irritative symptoms).

b 5B52 is defined by reporting building-related symptoms "sometimes,”
"often," or "always" (2 nonspecific plus 4 irritative symptoms).

¢ Office Solvents reported to cause eye, nose, throat or respiratory
‘irritation at least sometime last year.

d Body odor noticed at least sometimes last year at workstation.

e Depressed Mood - Center for Epidemiologic Studies Depression Scale
Score greater than 15.

f Tobacco Smoke reported to cause eye, nose, throat, respiratory
irritation at least sometime last year.

g New Carpet Fumes reported to cause eye, nose, throat, or repeiratory
irritation at least sometime last year.

h Denser Population - Workstation located near 11 or more workers.
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Table 43
Prevalence of Current Building-Related Symptoms (CBRS') by Gender
Toledo Municipal Building

HETA 89-065
Number Prevalence Risk Ratio
Gender (Proportion) of BRS (95% C.I.)
Male 124 (44.3%) 6.5% 4.37
Female 156 (55.7%) 28.2% {2.35-8.15)

Combination of one or more nonspecific work~related symptoms, each
occurring 2 or more days in the previous week; plus, 2 or more irritative
work-related symptoms, each occuring 2 or more days in the previous week.
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Table 44
Prevalence of Current Building Related Symptoms (CBRS") by
Industrial Hygiene Measuremente Adjusted for Gender
Toledo Municipal Building
HETA 89-065

Prevalence of CBRS

Men Women P-value®

Maximum CO?

Co T o

650 - BS50 ppm 18.0% 33.3% 0.709
>850 - 1000 ppm 7.3% 41.5%

1000 - 1250 ppm 28.1% 35.3%
Average Resﬁirable

Particulate®

0.011 - 0.018 16.7% 33.3% 0.735
>0.018 - 0.035 11.3% 40.8%

>0.035 - 0.277 25.0% 35.3%
Avera ) - (-

71 - 73°F 10.8% 31.6% 0.368
>73 - 74°F 17.9% 42.0%

>74 - I5°F 23.3% 31.9%
Average Relative

Bumidity

26% — 30% 16.3% o 51.2% 0.1%4
>30% - <39% 19.1% . 27.1%
>39% - 48% 15.8%" 35.2%

a Combination of one or more nonspecific work-related symptoms, each
occurring 2 or more days in the previous week; plus, 2 or more irritative
work-related symptoms, each occuring 2 or more days in the previous week.

b Summary statistic for general association adjusted for gender.

¢ Respirable particulate levels expressed in micrograms per cubic meter.
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Table 45
Prevalence of Current Building Related Symptoms (CBRS') and Level
of Current Depression Adjusted for Gender
Toledo Municipal Building

HETA 89-065
CES-D Prevalence of CBRS Risk Ratio™
Score Men Women {95% C.I.)
>15 34.6% 44.9% 1.54
0 - 15 12.4% 35.5% (1.07-2.23)

* Combination of one or more nonspecific work-related symptoms, each
occurring 2 or more days in the previous week; plus, 2 or more irritative
work-related symptoms, each occurring 2 or more days in the previocus week.

** Risk of having 'current building-~related symptoms' for respondents in the
high CES-D score category {(adjusted for gender).

Table 46
Prevalence of Current Building Related Symptoms (CBRS') and Level
SAD Symptomatology Adjusted for Gender
Toledo Municipal Building

HETA 89-065
SAD Prevalence of CBRS Risk Ratio”
Score Men Women {95% C.I.)
3 - 13 30.0% 57.5% 2.0
0o - 2 10.6% 32.0% (1.4-2.9)

* Combination of one or more nonspecific work-related symptoms, each
occurring 2 or more days in the previous week; plus, 2 or more irritative
work-related symptoms, each occurring 2 or more daye in the previous week.

** Risk of having 'current building-related symptoms' for respondente in the
high SAD score category (adjusted for gender).
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Table 47
Prevalence of Irritative’ and Nonspecific™ Building-Related
Symptoms by Levels of Current Depressicon and Seasonal
Affective Symptomatology Adjusted for Gender
Toledo Municipal Building

HETA 89-065
CES-D Prevalence of Irritative Symptoms’ Risk Ratic
Score Men Women (95% C.I.})
>15 22.2% 54.9% 1.7
0 - 15 4.5% (89) 38.1% (97) (1.2-2.4)
SAD
Score
3 - 13 13.3% 53.7% 1.5
0~ 2 5.8% 39.2% (1.0-2.1)
CES-D Prevalence of Nonspecific Symptoms™ Risk Ratio
Score Men Women (95% C.I.)
>15 48.2% 68.6% 1.7
0 - 15 11.2% 51.0% (1.3-2.2)
SAD
Score
3 - 13 23.3% 75.6% 1.5
0- 2 17.4% 50.5% {1.1-1.9)

* Defined by 2 irritative work-related symptoms 'often' or ‘'always' in the
past year.

** Defined by 1 nonspecific work-related symptoms ‘'often' or 'always' in the

past year.
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Figure 1
Environmental Sampling Locations
Toledo Municipal Building
HETA 89-065
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Figure 2

CO2 Concentrations - Toledo Municipal Building
HETA 89-065
March 20-23, 1989
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Figure 3
CO2 Concentrations - Toledo Municipal Buiiding
HETA 89-065
March 20-23, 1989
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Figure 4

Particulate Concentrations - Toledo Municipal Building
HETA 89-065
March 20-23, 1989

120 4

1wed-

CONG = UG/M)

mosnina s
MORNING 2
APTERNOON 1 £

arreancon ¢ IR

RE2B[>

X ¥ BE

&
BREe =R

ugg

[ ] -]
nlw«
e
" |8
L ]

TEST LOCATIONS, 15TH FLOOR

CONC = Ua/M3
b

TR

~LiREH EI’
o :
Alslec|op]|E]F!a
MorNiNG 1 EEE  ss | se |30 (a8 M |2 | m
(morinaz EZ] s |20 ) 30 (20 | 20| 30 | 32
AFTERNOON1 3| &1 [ % | 4 |8 | 2 |2 [ 1
AFTERNOONE IR 20 | 20 | 24 | w0 | 21 | 22 | o8

TEST LOCATIONS, 16TH FLOOR

Average Particulate Concentration Outside » 8 ug/M3

NOTE: Sasle CONC « Ua/M3

gous to (]

R
,.lﬂq:h Z mqﬂﬁq

Almlc|bplelrialw

MORNING1 | 26 | po |42 |63 |20 | v | B | 10

momniNG: EZ| w js0 [we (330 |2z (0w | w

AFTERNOON t [C0{ o | 22 { 08 |asa| v | ® | w | o

ArtemioON s | 13 | 18 | W |47 | 17 | B | u | w

1004
LR ¥
804

401

-l

CONC « LA/MI

AR OB

TEST LOCATIONS, 17TH FLOCOR

Ale]e E
mornina1 D] 1w | w0 | 2 2
MORNING 2  EZH| 24 | 28 | 3 [N
AFTERNOON 1 0]f 28 | 20 | 20 81
ArYERNOON 2 B 20 ( 32 | 41 | o7 | 90

TEST LOCATIONS, 18TH FLOOR


adz1

adz1

adz1


Figure 5
Particulate Concentrations - Toledo Municipa! Building
HETA 89-065
March 20-23, 1989
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Figure 6
Temperature and Relative Humidity Measurements
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