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PREFACE

The National Institute for Occupational Safety and Health (NIOSH) conducts investigations and studies of
possible health hazardsinthe workplace. These investigations are conducted under theauthority of Section
20(a)(6) of the Occupational Safety and Hedth Act of 1970 (29 USC 669(a)(6)) which authorizes the
Secretary of Health and Human Services, following a written request from any employer or authorized
representative of employees, to determinewhether any substance normally foundinthe place of employment
has potentially toxic effectsin such concentrations as used or found.

NIOSH also provides, upon request, technical and consultative assistance to Federal, Sate, and local
agencies; labor; industry; and other groups or individuals to control occupational health hazards and to
prevent rel ated traumaand disease. Mention of company namesor products doesnot constitute endorsement
by NIOSH.
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Highlights of the NIOSH Health Hazard Evaluation

at Benefis Healthcare

NIOSH was asked by Benefis Healthcare to conduct a health hazard evaluation of respiratory health and indoor air
quality at their healthcare facility in Great Falls, Montana. Concerns included possible microbial contamination and

the implications for exposures during remodeling.

What NIOSH Did

Conducted a questionnaire survey of Benefis
employees, focusing on respiratory health and latex
allergies.

Conducted environmental sampling at 27 sites in the
East and West Campus hospitals.

Made subjective assessments of water incursions
throughout the East and West Campus hospital
buildings.

What NIOSH Found

Higher levels of lower and upper respiratory

symptoms that improved away from the workplace

were reported by East Campus hospital employees,

especially those on the upper floors.

® Work-related health outcomes were associated with
signs of water incursion.

® Health outcomes were associated with
microbiological contamination and ultrafine particle
counts.

B The sentinel asthma cases from the East Campus top
floor had negative latex allergy tests.

® The East Campus 6" and 7" floors showed
amplification of Penicillium chrysogenum,
suggesting past water incursion.

® | atex allergen was below the limit of detectionin air
and generally low in dusts.

B The West Campus hospital had higher levels of latex
allergen in dust.

B Powdered latex glove use was reported by 6% and

powder-free latex glove use by 16.5% of

participants, with no differences between campuses.

B Physician-diagnosed latex allergy was reported by
3.2% of participants with no difference between
campuses.

What Managers Can Do

B Disseminate the report findings so that employees
with respiratory conditions can take action on the
need for relocation or environmental intervention.

B Conduct medica surveillance for the early detection
of work-related respiratory problems.

B Promptly remediate water incursions and replace all

wetted material that can not be dried out in 24 hours.

Use containment measures during renovations.

Put in place housekeeping practices that keep dust

accumulation at a minimum.

B Stop use of powdered latex gloves by employees by
providing both service and healthcare workers with
powder-free, and non-latex gloves where
appropriate.

®m Clean areas shown to be contaminated with |atex
dust.

What Employees Can Do

B Be aware of symptoms suggestive of lower and
upper respiratory problems, asthma and latex
allergies and the need for self-referral for medical
evaluation.

® Report water incursions to management
immediately.

®m Use powder-free latex gloves.

CDC

CENTERS FOR DISEASE CONTROL
AND PREVENTION

What To Do For More Information:
We encourage you to read the full report. If you
would like a copy, either ask your health and safety
representative to make you a copy or call
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SUMMARY

BenefisHed thcarein Great FallsMontanaprovidestertiary healthcare servicesfor the 200,000 peopleof North-
central Montana. In April 2000 the National Institute for Occupational Safety and Health (NIOSH) received a
health hazard eval uationrequest from the management of BenefisHealthcaretoinvestigaterespiratory healthand
indoor air quality at the healthcarefacility. We posed the following questions:

» Doesthe prevalence of lower respiratory symptoms, upper respiratory symptoms, and asthma differ between
the East and West Campus hospitas and the floorswithin the hospitals?

* Do the levels of biological agents and characterization of particles differ between the sample sites at the
hospitals?

* Istherean association between preval enceof lower and upper respiratory health outcomesand environmentd
assessment for signs of water incursion, levelsof biologica agents, and particles?

* What isthe prevalence of latex sensitivity and latex glove use in hospital employees?

* Arethereareasthat are acting asreservoirs of latex alergens?

In May and August 2000 NIOSH conducted an investigation at the East and West Campushospital buildings of
BenefisHedthcare. NIOSH administered aheal th questionnaireand measured | evel sof variousexposuresinthe
air, chair dust and floor dust (culturable fungi, spore counts, ergosterol, endotoxin, dust miteallergen, cockroach
allergen, extracel lular polysaccharides,  1-3 glucans, culturabl ebacteria, cat allergen, latex allergen, mouseurinary
protein, particle counts, volatile organic compounds, temperature, relaive humidity, and carbon dioxide).
Approximatdy 60% of the workers participated in the survey and 70% in the areas we sampled.

The resultsand conclusions of the investigation are asfollows:

» Wedocumentedthat buil ding-rel ated respiratory problemswereoccurringamongemployeesinthe BenefisEast
and West Campus hospitals.

» Thediagnosed ashma prevalence was 17.1% compared to 11.4% for the state of Montana

» Medicdl recordsof the sentinel asthma cases from the 8" floor of the East Campus hospital documented both
the occurrence of asthma with methacholine chalenge and awork-relaed pattern with the use of serial peak
flow spirometry.

» Thesentinegl caseswerenot latex asthma since their latex-specific IgE testswere negative.

» Wefound higher levelsof mold on the 6", 7" and 8" floors of the East Campus.

» Our direct measures of environmental contamination and our subjective assessment also showed postive
associations with health outcomes.




» Physician-diagnosed latex allergy was reported by 3.2% of participants, with no differences between the two
Campuses.

» The reported use of powdered latex gloves was 6% and 8% in the East and West Campus hospitals,
respectively.

* Thereported use of powder-free latex gloveswas 17% in both hospitals.

» Thereported use of non-latex gloveswas 51% and 34% in the East and West Campus hospitals, respectively.

»  Twenty-saven percent and 42% of the East and West Campus hospitals, respectively, reported no glove use.

» Departmentswith the highest reported use of powder-freelatex gloveswere Surgery East (52%), Home Care
(50%), Housekeeping (43%), Surgery West (38%) and Transitional Care Unit (36%).

» Latex dlergen was not detected in the air.

» The highest ventilation duct latex allergen reservoirs were found in 4 West Campus hospital departments.

The following are specific recommendations for thisworkplace:

» Disseminatethefindingsof thisreport sothat empl oyeeswith respiratory conditionscan consult their physicians
or the empl oyee health department regarding any need for rel ocation or environmentd intervention a work or
at home. Prognosisfor work-relaed ashmaisimproved by early recognition and exposure cessation.

» Conduct medical surveillancefor theearly detection of work-rel ated respiratory problems, bothfor appropriate
clinical management and to show whether remediations have been effective in preventing new cases.

« Promptly remediate water incursions and replace al wetted materid that can not be dried out in 24 hours.
Doing so reduces the potentid for microbia amplification.

»  Use containment measures during renovationsthat keep exposuresto construction dusts and the reservoirs of
mold and latex that we identified to a minimum.

 Institute housekeeping practices that keep dust accumulation at a minimum.

* Repair eroded and damaged casing linersin ventilation systems on the West Campus.

¢ HVAC personnel and infection control officers should review air flow maps (Appendix G) to insure that the
airflows observed are in compliance with American Institute of Architects (AIA) and American Society of
Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) guiddlinesfor airflows required.

» Provideboth serviceand health-careworkerswith powder-freelatex and/or non-latex gloveswhereappropriate.

* Clean areas contaminated with latex dust.

NIOSH documented that building-releted respiratory problems were occurring among employeesin the Benefis
East and West Campus hospitals. Our direct measures of environmental contamination and our subjective
assessment al so showed positiveassoci ationswith health outcomes. Prognosisfor work-rel ated asthmaisimproved
by early recognition and exposure cessation. We recommend that medica surveillanceisconducted for the early
detection of work-relaed respiratory problems, both for appropriate clinica management and to show whether
remediationshave been effecti vein preventing new cases. Prompt remediation of water incursionsand replacement
of all wetted material that can not bedried out in 24 hoursshould be carried out. Containment measuresshould be
used during renovations to keep exposures to construction dusts and the reservoirs of mold and latex that we
identifiedtoaminimum. Housekeepingpracti cesthat keep dust accumulationat aminimumshouldbesetinplace.

Keywords: SIC 8062 (General medica and surgica hospitdss), indoor air quality, work-relaed asthma, hedlthcare
workers, latex alergies, endotoxin exposure, fungal contamination, particle counts




TABLE OF CONTENTS

PrEfaCe . . . ii
Acknowledgmentsand Availability of Report . ... ... . e ii
Highlights . .o iii
ST 1]11°= Y/ v
1107 o 1 o 1
BaCKgrOUNd . . . .o e e e e 1
O EClIVES . . . ot e 2
MEINOOS . . . e 2
SUAY POPUIALION . . . . oottt e e e e e e 2
QUESL NN . . ottt i e e et e e e 2
Health OUtCOME MEBSUIES . . . . .ottt e e e e e i 3

Medical teINg . .. ..o e e 3
AghmaCaseFollOW-Up . . ... o e 3
ENVIrONmMEntal SUIVEY . . ..o e e 4
Ventilation Syt em ASSESSMENt . . . . ..o e 4

SUbj ECtiVe ASSESSMENE SCOMNG .« .+« o v it vttt e e e e e 4
SAMPIING GBS . .ot e e 4
AIrSamPliNg . .. 4
ENdotoxinand LateX . .. ... ...ttt 4

Fungi and bacterian . . .. ... o 5

ErQOS Ol . . . 5
PartiCleCOUNS . . ..o 5
CO,/temperature/rdative humidity .. ... e 5

Volatile Organic Compounds(VOC) ... oottt e e 6
BUIKSampling . . ... .. 6
Ventilation dUSE . ... 6

LK . . et 6

Floorandchair dust . ... ...t 6

DA ANAY SIS . .t 7
RESUITS . .. 8
EpidemiologiCal . ... ... .. 8
Study population demographiCs . ... .. oot e 8

Health OULCOME MEBSUIES . . . ..ottt e e e e e et e 8

Lower Respiraory OUICOMES . . . . .ottt ittt ettt e e et 9

Upper Respiraory OUICOMES . . . ..ottt ettt e ettt et ettt 9

Personal and HOmMe Factors .. ... i e 10
AhmaCase FolloW-Up . . ... .. e e e e e e e 11
Environmental . ... ... 1
Ventilation Syt emM ASSESSMENT . . . . . oot e 11
Subjective ASSESSMENt SCOMNG . . . .. oottt e e e 11

Airand Dust SampPling . ... oo e 11




ENdOtOXIN N AT . ..ot 1

Fungi and BaCteriainair . ... ..ot e e 1
Ergosterol ... e e 12
CO, ftemperaure/rdative humidity . .......... . 12
PartiCleCOUNtS . . . ... e 12
Volatile Organic CompoundS (VOC) ... oottt 12
Floorandchairdust . .. ... ... 12
Laex adlergeninairand dust . ...t e 13
DISCUSSI 0N . . ot ittt et e e e e e e 14
RECOMMENELIONS . . . . . ottt e e e e e e e e e e e 17
RE O NICES . . . . ottt 17
Tables and FIgUIES .. .. e e 21
Appendix A Interimletter | .. ... Al
Appendix B: Interim letter 11 ... ... e B1
ApPendixX C: QUESLIONNEITE . . . ..ot it ettt e e e e e e C1
Appendix D: Map of Sampling Sites . . .. ... D1
Appendix E: Participation by Departmentand Campus . . . ...t El
Appendix F: Latex Sensitivity Symptom Prevalenceby Department . .............c. it F1
Appendix G: Ventilation System ASSeSSment . . .. .. ..ottt Gl
Appendix H: Tables of Environmental ASSESSMENt . ...t e e e H1
Appendx I: Evaluation Criteriafor Microbidlogicas. . ... i 11

vii




INTRODUCTION

InApril 2000theNational Institutefor Occupationa
Safety and Health (N1OSH) received ahealthhazard
eva uation request from the management of Benefis
Healthcare to investigate respiratory health and
indoor air quality at the hedthcare facility. The
hospital administration requested help from NIOSH
concerning possiblemicrobia contaminationandthe
implicationsfor exposures during remodeling.

This request led to the first site visit to Benefisin
early May 2000. At that time, the 7" floor wasbeing
renovated and the 8" floor wasd ated for renovation
inthespring. Recommendeationsfor controlling dust
exposures during remodeling were provided at the
time of the dte visit, and an interim report on
environmentd assessment results was issued in
January 2001 (Appendix A). During thissitevisit,
Benefismanagement staff and NIOSH investigators
agreedto expandtheinvedtigationwithasecond site
vist. This would include a cross-sectiona
guestionnairesurvey and anenvironmenta survey at
both the East and West Campus hospita buildings,
and both microbia and latex allergen exposures
would be afocus.

The survey took place from August 21 to 28, 2000
and aimed to investigate the associations between
respiratory symptomsand conditions, and biological
agents. During the survey, the 8" floor was
undergoing renovation, and the 8" Medical
Department wasrel ocated tothe newly renovated 7
floor.

Thesurvey questionnaireincluded sectionson upper
and lower respiratory symptoms, asthma, work
history, andlatex allergy. Theenvironmentd survey
included areaair measurementsfor culturablefungi,
fungal spore counts, culturable bacteria, endotoxin,
ergosterol, particle concentrations, volatile organic
compounds, carbon dioxide, temperature, relative
humidity and latex alergen. Dust was collected for
andysis of endotoxin, latex alergen, glucans,
culturable fungi, culturable bacteria, extra-cellular
polysaccharide(specificfor Penicilliuml/ Aspergillus),

cat dlergen, cockroach allergen, mouse urinary
protein, and dust mite alergen. Environmental
assessment of current moi stureincursionswasmade
using astandardized checksheet. A second interim
report on particle concentrations was issued in
March 2001 (Appendix B).

Thisreport providesthe findings from the survey at
this healthcare facility and servesto close out this
health hazard evaluation request.

BACKGROUND

BenefisHealthcarein Great Falls, Montanaprovides
tertiary healthcare servicesfor the 200,000 peopl eof
North-centra Montana. There are about 2100
employeesprimarily ontwo campusestermed” East”
and “West.”

The East Campus hospital building is an 8-story
facility that houses most inpatient services,
including: Cancer Care, Critical Care Units, Heart
and Vascular Center, Inpatient Surgery,
Maternal/Child Care, Neurodiagnostics,
Medical/Orthopedic/Surgical Nursing Units,
Emergency Care, a comprehensive laboratory, a
pharmacy, x-ray facilitiesand Senior Care.

The West Campusis approximately 1 milefromthe
East Campus. The hospital building is a 5-story
facility that houses an acute inpatient rehabilitation
(Rehabilitation), a Transitional Care Unit
(inpatient/subacute), Chemical Dependency, a
Psychiatric unit, Ambulatory Surgery, Cancer
Care/Radiation Oncology, Convenience Care, a
comprenensive laboratory, a pharmacy, x-ray
facilities and atherapy center.

The occupational physician at Benefis Healthcare
reported that he had a number of new onset asshma
cases from the 8" floor (top) of the East Campus
hospitd, which functionsasagenera medical floor.
These cases had postive methacholine challenge
tests, and anumber of caseshad evidenceof awork-
related patternin serial peak flow monitoring. Upon
further investigation, hefoundthat theemployeeson

Health Hazard Evaluation Report No. 2000-0255-2868
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thisfloor reported numerouscomplaintsconcerning
breathing problems, mucous membrane irritation,
and headaches dating from the previous 2-3 years.
There was a history of water damage (2-3 years
prior) with water leaking around the operable
windows during heavy rains, as well as significant
water damage to the ceiling from roof leaks.

In‘wall and bulk fungal sampling results from the
May 2000 site visit indicated microbia
contamination inside the walls on the 7" and 8"
floors and on the ceiling material of the 7" floor of
the East Campus hospital building.

Thehospital inthe previousyear had begun phasing
out the use of latex gloves, and requested our
ass stancein surveyingtheempl oyeesfor symptoms
of latex sengitivity aswell asinvestigating potential
latex allergen environmentd reservairs.

Objectives

The overal objective was to investigate the
associations between respiratory symptoms and
conditions, and biological agents. Specificaly, we
posed the following questions.

1. Does the prevdence of lower respiraory
symptoms, upper respiratory symptoms, and
asthma differ between the East and West
Campus hospitds and the floors within the
hospitals?

2. Do the levels of biologicd agents and
characterization of particles differ between the
sample sites at the hospitals?

3. Isthere an association between prevaence of
lower and upper respiratory healthoutcomesand
environmental assessment for signs of water
incursion, levels of biologicd agents, and
particles?

4. What isthe prevalence of latex sensitivity and
latex glove use in hospital employees?

5. Arethere areasthat are acting as reservoirs of
latex dlergens?

METHODS

Study population

The study population for the cross-sectional
questionnaire survey consisted of al 2099 current
employees listed by the hospital administration in
August 2000. Thisincluded employeesworkingin
facilities other than the East and West Campus
hospitals, by management request.

Questionnaire

The questionnaire included sections on upper and
lower respiratory symptoms, physiciandiagnosisof
asthma, latex sengitivities, smokinghistory, andwork
history at the healthcare facilities (Appendix C).
Lower respiratory symptoms were taken from
standard, validated questionnaires (IUATLD
questionnaire (1, 2) and Venables et al. (3)).
Questions on onset dates and work-related pattern
were included for the respiratory, nasal, and sinus
symptoms.  The latex dlergy questions were
modified from Sussman et al. (4).

Aninitia home mailing to 2099 Benefisemployees
wasmadeon August 9, 2000, eleven daysbeforethe
site visit. Two cover letters were enclosed in the
mailing, one from NIOSH and one from Benefis,
explaining briefly the reason for the survey and
giving information on the dates of the site visit.
During the dite visit, NIOSH personnel were
avallable to answer any questions on the
questionnaire, to collect completed questionnairesif
employeeschoseto hand theminrather than to mall
them back to NIOSH, or to give employees the
opportunity tocompl etethequestionnaireduringthe
stevisit. From August 21 to August 28, NIOSH
staff covered bothhospital buildings, al departments
and al three shifts. The Benefis administration
provided NIOSH with the opportunity to hold a
number of morningand lunchti me meetings which
were on both campuses to further encourage
participation in the questionnaire survey.

We did a second mailing of the questionnaire on
September 25, 2000t0 1333 employeeswho had not
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yet returned acompleted questionnaire. A thirdand
final mailing of the questionnaireto 959 employees
was made at the end of October 2000.

On December 12, 2000 we received a master list of
employee telephone numbers from Benefis and
began calling 292 non-participants from selected
departments, to offer them an opportunity to
complete the questionnaire over the phone. The
departments were selected based on being in close
proximity to theenvironmentd samplingsites. This
telephone follow-up effort continued through
January 2001 and 71 questionnaireswerecompl eted.

After checking the completed questionnaires,
telephonecalls(at | east three attempts) weremadeto
109 participants to collect missing information
pertinent to work-relatedness of respiratory
symptoms, symptom onset date, and occupational
history at the health facility. We were successful in
contacting 70 of the 109 people. At the completion
of the survey process, information from 1273 of the
2099 employees had been attained.

Health Outcome Measures

Weexaminedupper andlower respiratory symptoms
occurring bothin the last four weeks and in the last
12 months, self-reported cases of asthma, and
symptoms suggestive of latex alergy. In addition,
symptomswerecombinedintocomplexestoserveas
indicators of asthma. For symptoms during the last
4 weeks, we used questionsfrom Venableset al. (3),
and for the last 12 months, we used questions from
Burney et al. (2) Although symptomsarenot dways
specificindicators of single disease processes, they
are senditive and useful indicators of lung hedth.

We have used them in the absence of objective
health data.

We categorized an individud as having “any lower
respiratory symptom” if they reported wheezing or
whistlinginthechest, or shortnessof bresth, or chest
tightness. We defined shortness of breath as an
affirmative responseto either one of the shortnessof
breathquestions: attack of shortnessof breathwhile
not doing anything strenuous, attack of shortness of

breath following strenuous activity, or awoken by
shortnessof breath. Wedefined chest tightnessasan
affirmativeresponsetothequestion: haveyouwoken
up with afeeling of tightnessin your chest at any
time?

For symptoms that occurred in the last four weeks,
we defined an individua as having asthmalike
symptoms if he/she had affirmative responses to
three or more of nine lower respiratory symptom
guestions taken from Venables et al. (3). This set
included questions on cough, wheeze, or chest
tightnesswhilerunning or climbing stairsfast; deep
being broken by wheezing or difficulty breathing;
waking up in the morning with wheezing or
difficulty bresthing; wheezinginasmoky room; and
wheezingin avery dusty place.

For lower respiratory symptomsthat occurredinthe
last 12 months, we defined an individua with
asthmarli ke symptoms if he/she reported wheezing,
or being awoken by an attack of shortnessof bresath,
or having trouble with their breathing that is never
quite right, or having chest tightness when around
dusty partsof their house or near animds (5).

Upper respiratory symptom questions included
guestions on throat irritation (hoarseness, or 10ss of
voice); stuffy, blockedor itchy nose; nasal discharge;
sinus pain; postnasal drip; or blowing thick mucus
from the nose. We categorized an individua as
having “any upper respiratory symptom” if he/she
reported having throat, or nasal, or sinus symptons.

We aso investigated the prevalence of symptoms
that improved when away from the workplace on
vacation, on weekends, or on a day off.

Medical testing

Asthma Case Follow-up

The Benefisoccupational physician scheduled eight
new onset asthma cases from the East Campus
hospital for interview by a NIOSH physician a the
Benefis occupationa hedth department. Updates
were obtained for the medical records of the six
cases who had previoudy released their medical
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records to NIOSH. Two additional cases signed
medica releases and we obtained copies of their
medical records from Benefis.

After aconsent procedure, two tubes of blood were
drawn from each patient, centrifuged, and sent
overnight on ice to the NIOSH immunology
|aboratory, wheretheserumwasstored at -80°C until
analyzed for latex-specific IgE and specific IgE for
atopy assessment. The serawereanayzed usingthe
Pharmacia CAP system (Pharmacia and Upjohn,
Kaamazoo, MI). A negative latex-specific IgE was
defined as <0.35 kU,/L (no detectable antibodies)
and positive as>0.35 kU, /L (presenceof detectable
antibodies). Atopy wasdefined ashavingat least one
positive test greater than or equal to Class|1 to any
one of the following aeroallergens: house dust mite
mix, mold mix, weed mix, tree mix, grass mix, or
epidermal mix.

Environmental Survey

Ventilation System Assessment

Visua assessments were made for a number of the
central air-handlingunitsat theEast Campushospital
and all of the centrd air-handling units at the West
Campus hospitd.

The fan operating static pressure differentia was
measured with a digital manometer (The Energy
Conservatory, Minnegpolis, MN) that provided
pressure differentialsin Pascals. We evaluated air-
handling capacities using these measurementsand a
testing and baancing report provided by the
mai ntenance department.

Subjective Assessment Scoring

NIOSH staff evaluated both the East and West
hospital buildings for signs of water incursonsand
moisturedamage. Floor planswereused prior tothe
sitevisitto select areas, based on department, within
these two buildings. These areas were each
examined and a standardized assessment sheet was
used to rate each area for dampness and potentia
biological contamination based on five parameters.
current signs of moisture, stains, rust, visible mold

growth, and odor. Assessment scoreswereassigned
for 55 departments.  Departments such as
Housekeeping, Maintenance, Occupationa Therapy
and Chaplainswerenot assigned scores becausethe
employeesspent timeall over thehospital and could
not beassignedasinglelocationscore. Certainareas
assessed onthe 1% floor East Campusand theground
floor of the West Campuswere not specificenough
tolink to small departments.

Each areawas scored from 0-3 (noneto profuse) for
moigture, stains, and rust; and from 0-2 (none to
profuse) for mold, and 0-2 (noneto strong) for mold
odor.

A subjective assessment index for each department
wascreated by summingthescoresfor visiblemold,
moldodor, water or damp area, visiblesignsof water
stains, or visible signs of rust. Thisindex was then
brokeninto quartilesbased on the values of thetotal
score digtribution.

Sampling sites

We selected 18 sampling sites on the East Campus,
and 9 sites on the West Campus (Appendix D), and
two outdoor sites (oneat each campus). Selection of
the sites for air, chair dust or floor dust sampling
took into consideration the number of people
potentially exposed, the amount of time of potential
exposure, the level of activity in the area and
accessihility of the sampling sSite.

Air sampling

Endotoxin and Latex

Endotoxinisacell wall component of gram-negative
bacteria commonly found in indoor and outdoor
environments. Endotoxin can be found in whole
organisms or in cell wall fragments.

Natural rubber latex isderived fromthemilky sap of
the rubber tree. Many of the proteins found in
natural rubber latex are dlergenic.

Replicate integrated longterm air sampling was
conducted at 18 sampling sites on the East Campus
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and 9 sites on the West Campus with 2-micrometer
(um) pore size, 37-millimeter (mm) diameter
polytetrafluroethylene (PTFE) open-faced cassettes
operated at 3 liters'minute (L/min). Samplingtime
was during the hours of 7 A.M. to 7 PM. from
August 21-27, 2000. The total sampling time for
each cassette averaged 3049 minutes. One set of
filterswas analyzed for latex alergen using a CAP
inhibition assay according to Baur et al. (6). The
other set of filterswas analyzed for endotoxin using
a limulus amebocyte lysate (LAL) assay (Kinetic-
QCL,Biowhittaker Inc., Walkerville, MD) according
to the kit manufacturer’ srecommended procedures.

Fungi and bacteria

Short-term culturable air samples for fungi and
bacteria were collected using N-6 Anderson
multiple-hole impactors (SKC, Eighty Four, PA,
USA). Mdt extract agar (MEA) and R2A plates
were used for fungi and bacteria counts and
speciation, respectively. Sampleswere taken for 4
minutes at 28.3 L/min. Concurrent spore trap
samples were taken using Air-O-Cell sampling
cassettes (SKC, Eighty Four, PA, USA). Sporetrap
samplesweretakenfor 4 minutesat 15 L/min. The
East Campuswas sampled on August 22-23 and the
West Campuswas sampled on Augugt 24-25. One
morning and one afternoon sample were taken on
each day and one sample was taken during floor
vacuumingfor atotal of 5 sampling eventsfor each
Ste.

Ergosterol

Ergosterol isthe mgjor sterol in fungal membranes.
Measurement of the molecule may be useful in
determining total fungal biomass in the sample.
Filter samples (PTFE membranefilter, 0.2-um pore
size, 47-mm diameter) were taken for 3 days
(approximatdy 65 hours) at 16 sample sitesat 42.5
L/min. Onesamplewastakenat each samplingsite.
The filter was weighed and sent to the Division of
Applied Research and Technology of NIOSH in
Cincinnati, Ohio, for high performance liquid
chromatography analyses.

Particle counts

From August 22-27, 2000, real-time datalogging
measurements were taken for a 24 hour period at
each sample site for particle counts with a Mode
1.108 Grimm Mini-aerosol Spectrometer (Grimm
Technologies, Douglasville, GA, USA). The
instrument measured the number of particlesin 15
szefractions(0.30-0.40, 0.40-0.50, 0.50-0.65, 0.65-
0.80,0.80-1.0,1.0-1.6,1.6-2.0, 2.0-3.0, 3.0-4.0, 4.0-
5.0,5.0-7.5,7.5-10, 10-15, and 15-20 um) at aflow
rate of 1.2 L/min.

In addition, ultrafine particle countswere measured
withaModel 8525 P-trak (TSI, S. Paul, MN, USA)
a each of the sample stes. The P-trak is a
condensation particle counter that measures the
number of particlesper unitvolumeinthesizerange
of 0.02 to greater than 1 um at 0.1 L/min. A 10-
second averaging period was used. The East
Campushospita was sampled on August 22-23 and
the West Campus hospital was sampled on August
24-25. Onemorningand oneafternoon samplewere
taken on each day and one sample wastaken during
floor vacuumingfor atotal of 5 sampling eventsfor
each Site.

CO,/temperature/relative humidity

From August 22-25, 2000, real-time datalogging
measurementsweretakenfor asingle24 hour period
a each sample site for carbon dioxide (CO,),
temperatureandrelativehumidity withaQ-trak IAQ
monitor (TSI, S. Paul, MN, USA).
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Volatile Organic Compounds (VOC)

Volatile organic compounds (VOCs) are agroup of
compounds that are present in the indoor
environment in an organic-vapor phase. Sources
may include building materias, microbia growth,
cleaning agents, smoking, perfumes, and solvents.

VOCsweremeasured for asingle 12 hour period at
each sampling siteon August 24, 2000. In addition,
severd patient rooms were sampled for 2-4 hours
beforeor duringcleaning. Thermal desorptiontubes
packed with Carbopack Y, Carbopack B and
Carboxin 1003 wereexposed at 10 cubic centimeter
per minute (cm*/min). The samplesweresent tothe
Divison of Applied Research and Technology of
NIOSH in Cincinnati, Ohio for gas
chromatography/mass spectrometry analyses.

VOC concentrations were divided into three
categoriess  not present (vadue = 0), low
concentration (value = 1) and high concentration
(vaue = 2). The vaues were summed to create a
semi-quantitative estimate of total VOC presentina
singlesample.

Bulk sampling
Ventilation dust

Latex

Vacuum samples were collected in the return
ventilation system ducts in closest proximity to
designated sampling dations.  Samples were
collected from the sheet metal surfacesimmediately
behindthereturngrille. Inoneinstance, acomposite
vacuumsamplewascollectedfromthetop of ametal
shelf andfromseveral door |edgesbecausetherewas
no return ventilation system duct to samplein this
area. Several vacuum sampleswere aso collected
fromdesignated ventilationsystemfilters. Thefilter
was removed from the ventilation system for
sampling.

Surface dust was collected using micro-vacuuming
techniques similar to those described by the

AmericanSocietyfor TestingandMaterials(ASTM)
method D 5775-95(7). Theareato be sampledwas
masked using a 100 square centimeter (cnr)
disposablepaper template. Dust wascollected using
a 37-mm diameter cassette connected by tygon
tubing to a high volume sampling pump field
calibrated to 28.3 L/min. A 2-um pore size PTFE
filter was used in an open-faced filter cassette
configuration with a notched cowl to aid vacuum
collection. Based on the ASTM method, surface
dust was collected by micro-vacuuming within the
area of the masking template for a period of two
minutes, the ventilation systemfilterswere sampled
for aperiod of 30 secondsto prevent overloading of
the cassette.  After the surface dust sample was
collected, the cassette was inverted so that the
collectionsurfacewasfacingupwards, thepumpwas
turned off, and the cassettewas capped. Thecassette
wasthen packaged in an individual, sealableplastic
bag. Thesampleswerehand carriedtotheanalytical
laboratory in NIOSH’ s Hedlth Effects Laboratory
Division in Morgantown, WV. Samples were
analyzed using an inhibition assay with IgE
antibodies from latex sengtive individuals (6).

Floor and chair dust

We analyzed the floor and chair dust for culturable
fungi and bacteria, endotoxin, animal alergens, p1-3
glucansandextracellular polysaccharidespecificfor
thefunga generaPenicillium and Aspergillus (EPS-
Pen/Asp). For floor sampling, 15 sites on the East
Campus and 8 sites on the West Campus were
sdlected. For chair sampling, 17 sites on the East
Campus and 8 sites on the West Campus were
selected.

B1-3 glucans are polyglucose polymers found in
fungi, plantsand some bacteria. Glucansarepresent
in most common fungi. Extracdlular
polysaccharides (EPS) are stable carbohydrates
secreted or shed during fungal growth. p1-3glucans
and EPSaresurrogate markersfor fungal massinan
environmernt.

Foor and chair dust were collected onto a 142-mm
diameter glassfiber filter (Gelman Type A/E) witha
crevice tool, a specialized filter holder and a L'l
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HummerQ backpack vacuum (100 CFM, 1.5 HP).
Thefilter holder was manufactured from polyvinyl
chloride (PVC) and had a 1000-um prefilter. The
crevice tools and filter holders were cleaned with
isopropyl acohol between each samplingsite. Four
chairs per sampling site were vacuumed for 1.5
minuteseach. The dustscollected from the seats of
the four chairs were pooled for analyses. A 0.836
square meter () floor area was vacuumed for 5
minutes. Total mass collected was assessed.

Thedust waspartitioned and analyzedfor culturable
fungi and bacteria(on MEA and R2A, respectively),
latex (CAPinhibition assay according to Baur et al.
(6)), endotoxin (limulus amebocyte lysate assay as
described above), f1-3 glucans and EPS-Pen/Asp
(enzyme-linked immunosorbent assay according to
Douweset al. (8,9)), and mouseurinary proteinand
cockroach, dust mite and cat alergens (enzyme-
linked immunaosorbent assay according to Chew et
al.(10)). Concentrationswereexpressed per chair or
per floor area. Whenlimiteddust wascollectedfrom
the floor (i.e, less than 0.5 grams), we did not
andlyze for p1-3 glucans or EPS-Pen/Asp.

Data analysis

All sections of the questionnaire except the work
history werein a computer scannable format using
Teleforms (Cardiff Software Inc., Vista, CA). The
Teleforms software placed the data, after scanning,
into aMicrosoft® Accessdatabase. The datawere
verifiedby NIOSH staff using Accessformsfor each
page of the questionnaire. The work history data
were entered into an Access database and were
verified after entry by a second person.

The environmental data were received from the
laboratoriesin el ectronic format and wereimported
into an Access database. Because environmental
data are usually lognormally distributed (11), we
expressed exposure concentrations in terms of
geometric means or natural log transformations.
Samples below the limit of detection (LOD) of the
analytical method wereassigned avalueof (LOD)”.

Exposure measures, outcome measures, and
confoundersweredefined botha priori (i.e., prior to

examination of the data) and using post hoc (i.e.,
after examination of the data) determinations. A
subset of participant health data was generated to
link with the environmenta sampling sitesbased on
proximity of departments to sampling sites (see
Appendix E for departments). All employeesin a
department with a sampling site were assigned
exposure values from that sampling site.

Satistical analyses were conducted using SAS
version 8 software (12) and IM P, version 4 software
(23). The significance of the association between
exposures and outcomes are reported as probability
(p) values. Vaues less that 0.05 are considered to
represent an association that is not likely to be due
purely to chance.

Destriptive dtatistics, such as averages, standard
deviations, and proportions were computed to
characterize the demographic information of the
study populationaswell astheenvironmentd survey
data. Categorical data andysis (e.g., chi-square
statigtics), andysis of variance, and logidic
regresson analyss were applied to examine
datistical  differences between campuses and
environmental data for reported respiraory
symptoms.

For multivariatel ogisticmodels, astepwisesalection
procedure was used, with the probability level for
bothentryintothemodel and remaininginthemodel
setat p<0.10. Persond factorsusedinthesemodds
included age, gender, smoking category (as current,
former or never), tenure, physician diagnosis of
asthma, and physician diagnosis of latex alergy.
Home factors used in the moddsincluded reported
visiblemold, moldodor, or water damage, inthelast
12 months.
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RESULTS
Epidemiological

Study population demographics

Acrossall campushbuildings, 1273/2099(61%) of the
employees completed the questionnaire.

The participation from employees in departments
housed inthetwo hospital buildingswas 1171/1834
(64%). The participation from buildings other than
the two hospitdswas lower at 102/265 (38%).

The 36 depatments for which we linked
environmentd sampling data (A ppendix E) had 600
respondents, with an equal participation of just over
70% for each of the two Campus hospitals. Within
the hospital buildings, participation varied from a
low of 20% in adepartment of 5to ahigh of 100%
in adepartment of 17 (Appendix E).

Table 1 showsthegender, mean age, smokingstatus,
and mean tenurefor all participantsworkingin the
East hospitd, West hospitd, both East and West
hospitals, or other buildings; thesameinformationon
participants for the departments linked to the
environmentd data is shown in Table 2. The
employees were predominantly female, former or
never smokers, with atenure of 10 to 13 years.

Health Outcome Measures

Does the prevalence of lower respiratory
symptoms, upper respiratory symptoms, and
asthma differ between the East and West
hospitals and among the floors within the
hospitals?

The overdl prevalences of lower and upper
respiratory symptoms aregivenin Table 3.

There was no difference in either overdl upper or
lower respiratory symptomlevels, or overd| asthma-
like symptom complexes between participants who
worked in the East and West Campus hospitds

exclusively, in both Campus hospitals, or in other
Benefis hedthcare facilities (Table 4). Both
campuseshad considerablelevel sof symptomswith
a third of respondents reporting one or more of
wheeze, chest tightness or shortness of breath
occurring in the last 12 months. Eighty percent of
respondents had upper respiratory symptoms
occurringin thelast 12 months.

East Campushospital participantshad higher levels
of lower and upper respiratory symptoms and
asthmalike symptom complexes, that improved
when away from the workplace than West Campus
hospital participants (Table 4). These differences
between East and West hospital buildings in
symptoms which improved when away from the
workplace were: 15% vs. 6% for lower respiratory
symptoms; 38% vs. 18% for upper respiratory
symptoms; 8% vs. 2% for Venables asthmarlike
symptom complex; and 14% vs. 4% for Burney’s
asthmali ke symptom complex.

These differencesfor work-related lower and upper
respiratory and asthmalike symptom groupings
remained dtatisticaly significant after using
multivariate logistic modds to correct for age,
gender, tenure, smoking, home leaks, home visible
mold, or home mold odors.

We did not find any differences between the
campusesin levelsof physician-diagnosed asthma.
Overall, physician-diagnosed ashmawasreported by
18% and 17% of the East and West Campushospital

participants. Post-hire onset physician-diagnosed
aghmawasreported by 7% of East Campusand 6%
of West Campus hospital participants.

We looked at the year of diagnosisfor the post-hire
onset asthmacases. Wefound a tight clusteringin
time of 7 cases diagnosed from 1998 to 2000 in the
participants from the East Campus hospital 7"/8"
floors (Medica department). This was not
unexpected, since the sentingl asthma cases were
fromthisdepartment. During thissametime period
from 1998 to 2000 only three other departments --
Neonatal Intensive Care (2 cases), Patient Flow (2
cases), and Medical Records (3 cases), had more
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than one case of ahmadiagnosed. Thesewereall
East Campus departments.

Lookingat symptomoccurrenceamongfloorsof the
hospitals, wefoundthat theEast Campushospital 6,
7"/8" floor workers and the West Campus 4" floor
workers had the highest reported levels of lower
respiratory symptoms that improved when away
fromtheworkplace(Figure1). Physician-diagnosed
asthma with post-hire onset was highest for the 5"
and the 7"/ 8" floors of the East Campus hospital,
and for the 4" floor of the West Campus hospitd.

The highest levels of upper respiratory symptoms
that improved away from the workplace were from
the East Campus hospitd 6" and 7%/8" floor
participants (Figure 2).

What is the association between prevalence of
lower and upper respiratory health outcomes and
environmental assessment for signs of water
incursion, levels of biological agents and
particles?

Lower Respiratory Outcomes

Work-related lower respiratory symptomsin thelast
12 months and the last 4 weeks, as well as work-
related asthmalike symptom complexes, were
positively associ ated with the subj ective assessment
score. In modds on work-relaed lower respiratory
outcomes adjusted for personal and home factors
(Table 5), the four-category subjective assessment
scorehad adoseresponsetrend. Comparedwiththe
lowest subj ective assessment scoreareas, employees
in the departments with the highest subjective
assessment scores had oddsratios of 2.1 and 2.4.

The univariate modds on air contami nants showed
fairly consistent postive associations between
overdl andwork-rel ated | ower respiratory symptoms
and asthmali kesymptom complexes, andendotoxin,
ultrafine particles, total culturable fungi, and total
funga spore count. VOC levels were positively
associ atedwithwork-rel ated symptoms(Table6). In
modd s including persona and home factors(Table
7), endotoxin was significant for overdl lower
respiratory symptoms and the asthma-like symptom

complex, while ultrafine particle count was
significant for work-related outcomes. Total fungal
sporecount showed atrend (p<0.1) for work-relaed
ashmarlike symptons.

Of the chair dust measures, culturable
Penicillium/Aspergillus showed the most consi stent
positive associations with both overdl and work-
related lower respiratory health (Table 6). Other
significant chair dust ana yteswereendotoxin, latex
alergen, p1-3 glucans, and EPS-Pen/Asp. In the
multivariate modes (Table 8), culturable
Penicilliuml Aspergillus wasasignificant risk factor
for work-related outcomesaswell asfor the overdl

asthmalike symptomcomplex. Latex alergenwas
associated with overdl lower respiratory symptoms
inthe last 12 months.

Infloor dust univariatemodel s, EPS-Pen/Asp and cat
alergen showed fairly consistent positive
associations with work-relaed lower respiratory
outcomes. Other fungal measures such as p1-3
glucans, culturable Cladosporium herbarum and
culturableAlternaria, showed associationswithboth
overdl and work-relaed outcomes(Table6). Inthe
multivariatemodd sonfloor dust, EPS-Pen/Asp was
a risk factor for work-related lower respiratory
symptoms and work-related asthma-like symptom
complex. p1-3glucansshowed atrend withasthma-
like symptom complex (Table 9).

Upper Respiratory Outcomes

Environmental measuresweremoreassociated with
work-related upper respiratory symptoms than any
symptoms in univariate anaysis (Table 10). A
similar set of air analyteswas significant for upper
respiratory symptoms as for lower respiratory
symptoms, and these were endotoxin, ultrafine
particles, VOC's, total culturable fungi, and total
spore count. In multivariate analysis including
personal and home factors, ultrafine particles
remained a risk factor for work-related upper
respiratory symptoms (Table 11).

Culturable PenicilliumlAspergillusinchair dustwas
a risk factor for work-related upper respiratory
symptoms, in both univariate (Table 10) and
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multivariate models. Latex alergen in chair dust
was associated with overadl and work-relaed upper
respiratory symptomsinthelast 4 weeks (Table12).

Multivariate modds on floor dust analytes showed
Culturéble PenicilliumlAspergillus, culturable
Cladosporium herbarum and 1-3 glucans (p <
0.10) as positive risk factorsfor work-related upper
respiratory symptoms. EPS-Pen/Asp wasassociated
(p<0.1) with overd| upper respiratory symptomsin
thelast 12 months (Table 13).

Personal and Home Factors

Inmultivariate modd s, physician-diagnosed asshma
was a strong risk factor for the presence of both
overd| andwork-rel aedlower and upper respiratory
symptoms. Physician-diagnosed latex allergy was
aso apogtiverisk factor in many of the models.

Employeeswithnosignsof moldor water damagein
their homeshad ahigher risk for work-rel ated lower
and upper respiratory symptoms.  The employees
with water damage or mold in their homes had a
higher risk for the presence of the symptoms, but not
for the presence of awork-relaed pattern.

What is the prevalence of latex sensitivity and
latex glove use in hospital employees?

For detailsof latex senditivity symptom prevaences
and glove use by department see Appendix F.

Physician-diagnosed latex alergy was reported by
3.2% of participants. Therewere no differencesin

prevalence between the two campuses. By
department, the number of employees with
physician-diagnosed latex allergy was 1 or 2, with
theL aboratory beingtheonly departmentwiththree.

Rash, itching, chapping and scaling of theskinwhen
wearing latex gloves were reported by 20% of
participantsoverdl. TheEast Campushospita hada
higher prevaence (24%) than the West Campus
hospital (13%). Inthelarger departments, thehighest
prevaences were reported from the Intensive Care
Unit (48%), 8" Medica department (48%),
Emergency Room (42%), Oncology/Medical 6"

(39%), Telemetry (39%), NICU (38%), and
Obstetrics (31%).

Red, itchy, swollen hands within 30 minutes or
“water blisters’ on the hands within a day when
wearing latex gloves(indications of allergic contact
dermatitis) was reported by 5.6% of participants.
Thisranged from 6.8% for East Campushospital to
2.5%for West Campushospital workers. Emergency
room (17.2%), Obstetrics (18.8%), Laboratory
(11.6%), and 8" Medical (10.3%) were among the
highest preva ence departments.

When wearing or being around otherswearing latex
gloves, 10% reported itchy red eyes, sneezing, or
nasal symptoms, 2.6% reported lower respiratory
symptoms and 0.6% reported other acute reactions,
including generdized or severe swelling or shock.
There were no datistica differences between
campusesinthesesymptoms, athougheyeand nasal
symptom prevalence was 11.7% and 5% and
difficulty breathing was 2.8% and 0.6% for the East
and West Campus hospitds respectively.

Thelarger departmentswith high prevalencesof eye
and nasal symptoms included Emergency Room
(21.4%), Pediatrics (23.5%), Coronary Intensive
CareUnit(21.4%), and Surgical Care(East Campus)
(25.0%). Breathing difficulty when around latex
gloves, wasreported by 1 or 2 employeesin any one
department, except for Pediatricswhere3employees
(17.7%) reported them.

The reported use of powdered latex gloveswas 6%
and 8% in the East and West Campus hospitals
respectively. Whentheuseof powdered|atex gloves
was reported, it was usually from 1 to 3 employees
per department. Four or more employees reported
usng powdered latex gloves in Housekeeping,
Benefis skilled nursing center, and the Progressive
care unit.

Powder-free latex glove use was 17% in both
Campus hospitals. Departments with highest
reported use were Surgery East (52%), Homecare
(50%), Housekeeping (43%), Surgery West (38%),
and Trangitiona Care Unit (36%).
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The reported use of non-latex gloveswas 51% and
34% in the Eagt and West Campus hospitals,
respectively. Twenty-seven percent and 42% of the
East and West Campus hospitals, respectively,
reported no glove use.

Asthma Case Follow-up

The medical records on the sentinel asthma cases
indicated that their asthmahad been confirmed with
methacholinechallengetesting. Furthermorethe 8"
Medicd department cases had kept seria peak flow
records for many weeks, and a number of the cases
hadindi cationsof work-relaed patternsin peak flow
measurements.

The serological testsdone at NIOSH indicated that
none of the asthma cases had positive |latex-specific
IgE tests, evidence that latex asthma was not the
underlying cause of the sentinel case cluster. In
addition, none of the asthma cases were atopic.

Environmental

Ventilation System Assessment
Resultsare provided in Appendix G

Subjective Assessment Scoring

Overdl, the subjective assessment indicated little
visiblemoisture, mold, or moldodors, andthescores
were dominated by the signs of stains, either on
ceiling tiles or around windows. Where stainswere
seen, they were mostly assigned aslevel 1 out of a
scalefrom O to 4, and there were no stains given a
score of morethan 2.

The summed subjective assessment scores ranged
from0to 20. Thequartilecutoffs were2, 4, and 8.
A department was assigned to one of the four
categories from low to high if the score was
respectively: <2; 3or 4;5,6,0r 7; > 8.

Areas in the highest category in the East Campus
hospita were Pediatrics, 8" Medica, NICU and
Obgtetrics, Coronary Care, Progressive Care, Risk
M anagement, and Surgery area. Areasinthehighest
category intheWest Campushospital wereL aundry,

meeting rooms and offices on the ground floor, and
the Short Stay Unit on the 4" floor.

Air and Dust Sampling

Do the levels of biological agents and
characterization of particles differ between the
sample sites at the two hospitals?

This question is addressed for each of the
environmental measures below.  Tables are
presented in Appendix H.

Endotoxin in air

Thegeometricmean of endotoxinlevelsinair across
all sampling locations for the East Campusis 1.48
Endotaxin Units per cubic meter (EU/n7) and 1.15
EU/n? for the West Campus (not statistically
different, p-value=0.16). Noneof theWest Campus
sampling locations (0/8) and 24% of the East
Campus sampling locations (4/17) had endotoxin
levelsgreater than the outdoors.

Indoor endotoxin levelsin air ranged from 0.74 to
4.72 EU/m?. The outdoor level was 2.09 EU/n?.
Tables H.1 and H.2 show the concentration
measured at each sampling site.

Fungi and Bacteria in air

Total culturable funga concentrations in air were
averagedfor eachsamplingsite(TableH.1andH.2).
Mean total culturablefungi inair ranged from 14 to
40 Colony Forming Unitsper cubic meter (CFU/n)
in the West Campus (outdoors = 76 CFU/nT) and 3
t0 137 CFU/m? inthe East Campus(Outdoors= 107
CFU/m?’) (TablesH.1and H.2). Thefungal species
found outdoors were primaily Cladosporium
herbarum, Epicoccum, and basidiomycetes The
indoor funga types were smilar to the outdoors
except for the 6" and 7" floorsin the East Campus.
Penicillium chrysogenumwasdetectedin 55%of the
samplesindoors (6 out of 11 samplestaken). The
average concentration of P. chrysogenum was 77
CFU/m? onthe 6" and 7" floorswhich accounted for
55% of thefungal speciesdetected. Fourteenpercent
of outdoor samples (1 out of 7 samples) were
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postive for P chrysogenum. The average
concentration of P. chrysogenum was 1 CFU/m®
whichaccountedfor 1.2% of thetota fungal species
detected outdoors.

The geometric mean of total funga spore countsin
air ranged from5to 1099 spores/m?® (TablesH.1 and
H.2). The pattern of distribution between the East
and West Campusesand thefloorswassimilar tothe
culturablefungi results. Penicillium and Aspergillus
sporescountswere higher onthe 6" and 7" floors of
the East Campusthan outdoors or in other areas of
either campus. (Note: Penicillium and Aspergillus
spores cannot be differentiated via microscopy.
Thereforethedataarealwayspresented asaPen/Asp
grouping.) Insome samplesonthe 7" floor, Pen/Asp
accounted for more than 80% of the fungal species
detected. The concentrations of Pen/Asp ranged
from 33 to 6667 spores/m® on the 7" floor.

Thegeometricmeanof total culturablebacteriainair
ranged from 52 to 277 CFU/n? indoors. The most
commonly recovered bacteria were gram-postive
bacteria, such as Coryneform bacteria, Bacillus,
Micrococcus and Rhodococcus. The distribution of
detected speciesof bacteriawas similar indoorsand
outdoors.

Ergosterol

Ergosterol concentrationsinair werebelow thelimit
of detectionfor theanaytical method (LOD =0.8ng
ergosterol /filter).

CO, /temperature/relative humidity

Carbondioxide(CO,) level srangedfrom 381to 564
parts per million (ppm). Indoor temperatureranged
from 72.6 to 79.6°F and relaive humidity ranged
from 25.0 to 42.2% (Table H.3). Thesevaluesare
within the range acceptable for a hogspita
environmen.

Particle counts

Overd| partide counts on the East Campus were
significantly higher than on the West Campus. The
geometricmeanof ultrafine (lessthan 1 um) particle
countsin air across al sampling locations for the
West Campus was 1485 particles’cm?® and 2427

particles’cm’ for theEast Campus. Noneof theWest
Campus sampling locations (0/8) and 24% of the
East Campussamplinglocations(4/17) had ultrafine
particlecountsgreater than the outdoors. Geometric
meansof ultrafineparticlecountsmeasuredwithaP-
Trak (TSI, . Paul, MN, USA) ranged from 654 to
7164 particles’cm?® (Tables H.1 and H.2). The
geometric mean for the outsde was 4002
particles/cm®.

Results of the real-time datalogging measurements
for particle counts with a Grimm Mini-agrosol
Spectrometer are presented and discussedin Interim
Letter I1, sent to LauraGoldhahn-Konenin January
2001 (Appendix B).

Volatile Organic Compounds (VOC)

A totd of 149 different species of VOC's were
detected across al of the samples. The range of
sums was 45 to 92 indoors and 31 to 38 outdoors.
The East Campus VOC levels were significantly
higher than the West Campus(p-vaue< 0.05). Both
campusesweresignificantly higher than the outdoor
levels. Thismethod takesinto consideration the
number of VOC gpecies and the rdative
concentrations detected.

Floor and chair dust

Dust mite allergen, cockroach allergen and mouse
urinary protein were below the limit of detection of
the analytical method (Enzyme-Linked
Immunosorbent Assay) inthefl oor andthechair dust
samples.

There was no datigtica difference in cat alergen
concentrations between the East and West Campus
hospitdsinfloor or chair dust (Figures3and4). Cat
dlergen (Fel d 1) concentrations in the floor dust
ranged from 0.02 to 10.89 g per square meter of
floor area(ug/nt) (TableH.4). Thegeometricmean
acrossal floor sampling siteswas 0.56 pg/nr. Cat
allergen concentrations in chair dust ranged from
3.34t0180.73 pg/chair (TableH.5). Thegeometric
mean across al chair sampling sites was 22.9
pg/chair.
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There was no statistical difference in EPS-Pen/Asp
concentrations between the East and West Campus
hospitds in floor or chair dust (Figures 3 and 4).
Concentrationsof EPS-Pen/Asp ranged from 8.34 x
107 to 5.37 x 10* nanograms of equivalent units per
sguare meter of floor area(ng EQU/NY) (TableH.4).
The geometric mean across all floor sampling sites
was 5966 ng EqU/nY. EPS-Pen/Asp concentrations
inthe chairsranged from 2.87 x 10°t0 3.67 x 10° ng
EqU/chair (TableH.5). The geometric mean across
all chair ssmplingsiteswas1.04 x 10° ng EqU/chair.

There was no statigtical difference in p1-3 glucans
concentrations between the East and West Campus
hospitds in chair dust (Figure 4). p1-3 glucans
concentrations were higher in the East Campus
hospital floor dust samples (Figure 3).
Concentrationsof p1-3 glucansin floor dust ranged
from 1.56 x 107 to 2.23 x 10* pg/n? (Table H.4).
The geometric mean across all floor sampling sites
was 1.53 x 10° pg/nr. p1-3 glucans concentrations
in the chairs ranged from 6.47 x 107 to 3.82 x 10°
pg/chair (TableH.5). Thegeometricmeanacrossall
chair sampling siteswas 1.70 x 10° pg/chair.

Endotoxinlevel swere significantly higher in chairs
in the West Campus hospital than the East Campus
hospital (Figure 4). There was no difference in
endotoxin levels in the floor dust (Figure 3).
Endotoxin levelsin the floor dust ranged from 2.47
to 3246 Endotoxin Units (EU)/n?. The geometric
meanwas15.3EU/nY. ThesamplesfromRadiol ogy
and Obgetrics (428.85 and 3246 EU/nY,
respectively) were one to two orders of magnitude
greater than the other samples. Thegeometric mean
across al floor sampling sites was 13.3 EU/nT.
Endotoxin levelsin the chair dust ranged from 0.97
(in Radiology) to 15.87 EU/char. The geometric
mean across all chair sampling sites was 7.74
EU/chair.

There were no significant differencesin culturable
bacteria concentrations in the floor and chair dust
between the West and East Campus hospitds
(Figures3and 4). Culturablebacteriaconcentration
ranged from 7.7 x 10° to 8.2 x 10° CFU/n7 in the
floor and 4.4 x 10° to 1.5 x 10° CFU/chair in the

chair samples (TablesH.4 and H.5). Bacillus op.,
Coryneform bacteria, Micrococcus luteus, and
Rhodococcus were the predominant bacteria
recovered from the chairs and floors. The overdl
geometric means across floor and chair sampling
siteswere2.9x 10° CFU/nY inthefloor samplesand
3.8 x 10 CFU/chair in the chair samples,

respectively.

There were no significant differencesin culturable
fungi concentrations in the floor and chair dust
between the West and East Campus hospitds
(Figures 3 and 4). Culturable fungi concentrations
ranged from 1.0 x 10° to 1.2 x 10° CFU/n7 in the
floor (Table H.6) and 4.6 x 10* to 2.2 x 10°
CFU/chair in the chair samples (Table H.7).
Alternaria alternata, Aureobasidium pullulans,
Cladosporium herbarum, Epicoccum nigrum,
Penicillium chrysogenum and yeasts (other than
Rhodotorula) were the predominant fungal species
recovered from the floors and chairs. The overdl
geometric means across floor and chair sampling
siteswere4.3x 10* CFU/n? inthefloor samplesand
95 x 10 CFU/chair in the char samples,
respectively.

Latex allergen in air and dust

Are there areas that are acting as reservoirs of
latex allergens?

Latex concentrationsin air were below the limit of
detection for the analytical method (LOD = 1.48 ng
latex alergen/filter).

The West Campus had significantly higher
concentrationsof |atex allergeninventilationsystem
dust than the East Campus. The highest
concentrations were insde the return ducts of the
Convenience Care Center, Surgery, Transitional
Care and Rehabilitation Departments on the West
Campus. Latex alergenconcentrationsinventilation
system dust ranged from <L OD to 375.88 ng/mg of
dust (LOD = 1.26 ng) (Table H.8). Sixty-two
percent of the ventilation dust samples were below
thelimit of detection (21/34).
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Latex alergen concentrationsin the floor and chair
dust were higher in the West Campus hospital than
the East Campus hospitd, athough the differences
were not statistically significant (Figures 3 and 4).
L atex allergen concentrationsin floor and chair dust
arepresentedin TablesH.4,H.5andH.9. TableH.4
displays latex alergen concentration by floor area
(m?) and Table H.5 by chair while Table H.9
presents the concentration per milligram of dust
collected. Expressing latex allergen concentrations
per floor area(or per chair) may bemorerelevant to
exposures and potential health effect relationships.
Latex alergen concentrations ranged from 0.05 to
107.76 ng/m? inthefloor and 0.35t0 273.93ng/chair
in the chair samples. The overdl geometric means
across al floor and chair sampling sites werel.26
ng/n? and 24.11 ng/chair, respectively. Latex
alergen concentrationsin chairsdid not correlate

well with latex alergen concentrations in floors
(TableH.9).

DISCUSSION

Thisevaluation of respiratory healthwasundertaken
to extend the work of the corporae occupationa
physician who identified a cluster of work-relaed
asthmacasesfromthe 8" Medica Department of the
East Campus hospital. Background information
provided by Benefis Hedthcare had indicated a
history of water incursionsonthe8" floor of the East
Campus hospitd. The hospital management had
been proactive in reducing latex usage and in
assessing prevalence of latex sengtivity. To
augmenttheir assessments, thehospital management
requested that NIOSH evaluate latex dlergenlevels
inthe East and West Campus hospital buildingsand
symptoms of latex sengitivity intheir employees. In
addition, we focused our environmenta assessment
on biological exposures. We included assessments
of animal allergens because of their recognized
potential effects on respiraory hedth (10, 14).
Many of our analytical methods are state-of-the-art
and are part of our on-going research initiaive to
clarifytheroleof biological contaminantsinadverse
respiratory health outcomes.

The current study documents beyond doubt that
building-related respiratory problemswereoccurring
among employees in the Benefis East and West
Campus hospitals. The evidence supporting this
conclusionisfour-fold. First, the prevaencerate of
reported physician-diagnosed asthma is elevated
compared to state dtatistics obtained with similar
guestions(15). The prevalenceof diagnosed asthma
among the employee respondents was 17.1%
comparedto 11.4% (95% confidenceinterval 9.9%-
13.0%) for adults 18 yearsand older for the gate.

The second line of evidence for building-related
respiratory problems comesfrommedical recordsof
the sentind asthma cases. Their physicians
documented the occurrence of asthma with
methacholinechallenge. Furthermore, work-related
patternsweredocumentedwiththeuseof serial peak
flow spirometry. Weknow that these caseswerenot
latex asthmabecausethe NI OSH laboratory testsfor
latex specific IgE wereall negative. We have some
indirect evidence suggesting that fungi or dampness
problems may have been associated withthe cluster.
During a site visit in April 2000, we identified
potential reservoirsand pathwaysof microbiol ogical
contamination(Appendix A: InterimLetterl). There
is substantial epidemiologic evidence that home
dampnessand indicesof moldexposureincreasethe
risk of asthma and respiratory symptoms (16). The
sameislikey true of dampnessand mold exposure
in nonindustrial workplaces (17, 18).

The third line of evidence concernsthe distribution
of upper and lower respiratory symptoms acrossthe
East and West Campushospitas. The proportion of
respondentswho reportedimprovementinsymptoms
when away from work was considerably and
statistically higher inthe East Campusthan theWest
Campus hospitd, even after adjustment for age,
gender, tenure and smoking status. Therewas dso
evidenceof an unequal distribution of health effects
within the East Campus hospitd with higher levels
reported from the 6" and 7*/8" floors. Itisunlikdy
that ahigher proportion of susceptible peoplewould
workinonepart of the healthcarefacilities. Rather,
the building environment isthe most logical causal
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factor for the unequal risk of respiratory disease
across the two Campus hospitals.

Thefourthline of evidence supporting the existence
of building-related respiratory problems is the
correlation betweenasthma-like symptomsand upper
respiratory symptoms with environmental
assessments—both surrogate and direct measures of
microbial contamination.

Our surrogate measure of the potentia for microbial
contamination wasthe assessment for signsof water
incursion, visible mold and mold odor. Thisindex
wasnot only positively associated withwork-rel ated
lower respiratory symptoms but showed evidence of
adose-responsetrend after adjustment for personal
factors and reported presence of water-damage and
moldin homes. Daeset al. demonstrated that self-
reported mold odor inresidential environmentswas
significantly associatedwithtotal culturablefungi in
dust samples, and that homes with reported visible
moldgrowth a soshowedhigher leve of Aspergillus
spp. and Penicillium spp. than those without visible
mold (19). Finnish research on the developmernt of
classification sysems of moigure-damaged
dwellings in relation to health effects have found
similar postive association with upper and lower

respiratory symptoms (20).

Our direct measuresof environmenta contamination
aso showed positive associations with health
outcomes. In single variable dtatistical models,
several measures of fungal and bacterial
contaminationwerepostiverisk factors. Endotoxin
in the air, ultrafine particles in the air, culturable
PenicilliumlAspergillus in chairs, EPS-Pen/Asp in
floor dugt, and latex alergen in chairs remained
associated with lower respiratory health effectsafter
adjustment for persona and homefactors. Ultrafine
particlesintheair, culturablePenicillium/ Aspergillus
and latex alergenin chairs, culturable C. herbarum
and culturable PenicilliumlAspergillus infloor dust
remained associated with upper respiratory health
effects after adjustment for persona and home
factors.

Indoor exposures to endotoxin in air or dust have
been associated with lower respiratory symptoms
(21-23). Endotoxinlevel shave been measuredfrom
4.50x 10° EU/m? t0 8.85x 10" EU/n?, inindustrial
environments (22-25). Exposures to high
concentrations of airborne endotoxin have been
correl atedwithadverserespiratory effects(e.g., acute
airflow obstruction) (21, 26). Airborne endotoxin
levels have been reported from 0.24 EU/m? to 180
EU/m?inindoor environments (27, 28). Reynoldser
al. found an association between respiratory
symptoms and indoor airborne endotoxin exposures
(range of 0.5 to 3.0 EU/n?) (29). Our finding that
endotoxin in air was a positive risk factor for lower
respiratory symptoms adds to the body of evidence
suggestingthat either endotoxinmay havean adverse
health effect at much lower levels than previoudy
reported, or may be a marker for the causa
contaminants.

Ultrafineparticlesmay have moresevererespiratory
effectsbecausethesmall sizedlowsdeposition deep
in the lungs. Thereis very little literature linking
ultrafine particle exposures and respiratory hedth
effects in the indoor environment. Our finding of
positive risk effectsfor ultrafine particles on work-
related lower and upper respiratory symptoms has
support from outdoor air pollution research.
Wichmann and Peters found that outdoor particles
less than 25 um in diameter were related to
decreasesinlungfunction (30). Inatertiaryteaching
hospital in Rochester, N.Y., researchers found a
mean particle level of 3.63 x 10° particlescm?
(particle diameter less that 0.8 um) that are
consigtent with our measured levels (31). The
researchersdiscussedthat increasesin particlecounts
wererelated to increasesinindoor activitiessuch as
operation of vacuum cleaners, coffee machines,
centrifugesand computers. They hypothesized that
another significant source of particlesasoriginating
from ongoing construction outside the hospitd.

Inour analyses, measuresof funga contaminationin
the air and the dusts were significantly associated
with health outcomes. Some of the most consistent
effects were found for culturable
Penicillium/Aspergillus, culturable Cladosporium
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and EPS-Pen/Asp. There is not much literature
linking measurements of fungi in surface dust with
respiratory hedlth effects. The implications of
surface dust in relation to airborne exposure of
biologica contaminantsis<till unknown. Dust may
be a maker for prior aerosol exposures.
Cladosporium, Penicillium and Aspergillus have
beenreportedintheliteratureto havedlergiceffects
(18, 21, 32-34). Penicillium and Aspergillus are
often found on chronically damp interior surfaces
and have been reported asdominant generainwater-
damaged buildings.

In  non-problem buildings, the types and
concentrations of fungi found indoorsare similar to
outdoors. In buildings with indoor funga
amplification, the types and concentrations of fungi
are different indoors and outdoors. There was
evidence of indoor Penicillium chrysogenum
amplification on the 6" and 7*/8" floors of the East
Campus hospitd building. This may explain the
elevationin reported respiratory symptoms on these
two floors. In a study of 48 schoals, researchers
found that airborne Penicillium chrysogenum was
associated with sick building syndrome (e.g., itchy
eyes, headaches, and nasal drainage) (33).

Allergens from cockroach, dust mite and mouse
urinewerenot detectedinthedust samplesat thetwo
hospital buildings. These alergens were probably
not afactor in the respiratory health problems at the
hospitd.

Cat dlergen levels in floor dust were positively
associated with work-relaed lower respiratory
symptoms but did not remain in the multivariate
modd. Itiscommonto have cat alergen in public
buildings and homeseven when catsare not present
(10). Thecat dlergenwas probably carriedintothe
hospitds on clothing. There are conflicting data
regarding whether high levelsare arisk factor or a
protective factor for respiratory symptoms (35-37).

Previous research has shown that high levels of
airbornelatex allergen concentrations, ranging from
14 to 208 ng/m?, are often found in hospital areas
where powdered latex gloves are used (38, 39).

Wheregloveusewasminimal, concentrationsof less
than 2 ng/m?® werefound. Wherelatex gloveswere
not in use, no airborne latex alergen was detected
(40). Airbornelatex alergenwasnot detectedinthe
East or West Campus hospitals.

InaDenver hospitd, dust samplesfromair-handling
unit filtersfrom clinical areas had concentrations of
latex antigensrangingfrom4.43x 10° ng/mg to 8.37
x 10'ng/mg (41). Dust samplesfrom surface and
air-handlingunit filtersfrom non-clinical areaswere
mostly non-detectable. Inour study, thehighest level
of latex alergen in ventilation duct dust was 3.76 x
107 ng/mg, four orders of magnitude lower than in
the Denver hospitd. In general, latex alergen
concentrations a Benefis Hedlthcare were low.
Within Benefis data, the highest ventilation duct
latex alergen reservoirs were found in the West
Campus hospital Convenience Care West, Surgery,
Rehabilitation, and Transitional Care.

McCarthy ez al. (42) suggestscleaning of high glove
use areas may berequired after glove conversionto
remove reservoirs that may remain such as above
ceilings, in and around ductwork, and equipment
surfaces.  From our data, chairs may also be a
reservoir and may need thorough cleaning by HEPA
(High Efficiency ParticulateAir) filtered vacuuming.

Someof thereported respiratory healtheffectsinthis
study may have been associated with exposuresthat
we did not evauate. In an oveview of
environmentd risks present in the hospital setting,
McCarthy and Spengler (42) discussed exposure
types relevant to health effects. Sengtizing and
allergeni cagentsincludehistamines, glutaraldehyde,
formadehyde, hexachloraphene, and psyllium
laxatives. Quaternary amines sometimes found in
cleaning agents have been associated with
occupational asthma (43). Several compoundsmay
have strong irritant effects including cleaning or
disinfectant agents, solvents, and surgical smoke.

Therehasbeen little research in the field of asthma
and indoor air quality in non-residential settings.
The Indtitute of Medicine Committee on the
Assessment of Ashma and Indoor Air (44)
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determined that there is sufficient evidence of an
associ ation between the exacerbation of athmaand
exposure to fungi and to dampnessindicators. The
pand stated that there is inadequate evidence to
determine whether or not exposures to fungi,
endotoxin or bacteriacan lead tothedevel opmert of
asthma. In addition, the pand determined that there
was sufficient evidence of a causa reationship
between exacerbation of ashma and exposures to
cat, cockroach and house dust mite allergen and
insufficient evidencefor rodent allergen exposures.
For the development of asthma, sufficient evidence
of a causa relationship was determined for house
dust mite alergen. There is inadequate or
insufficient evidenceto determinewhether or not an
association exists for cat, rodents or cockroach
allergen exposuresand devel opment of asthma. The
panel strongly recommended that moreresearchwas
needed to €l ucidate these rel ationships.

This study contributes to the growing knowledge
baseinthefieldof indoor environmenta research by
showingthat therewererel ationshipsbetweenwork-
rlated aghma symptoms and our indices of
exposureto biologicalsand particles. Theclustering
in time and space of sentingl cases of new onset
agthmaoccurred on acontaminatedfloor after water
incursion in the building envelope. Our dataimply
likely causation of building-relaed occupational
asthmain relation to the bi oaerosol sassociated with
water damage. Our modelingresults, whichfocuses
on current exposuresand current respiratory effects,
support exacerbation of ashmaof potentially diverse
giologies (including latex) by these indices of
microbial exposures.

RECOMMENDATIONS

We recommend the following for thisworkplace:

1. Disseminate the findings of this report so that
employees with respiratory conditions can
consult their physicians or the employeehealth
department regarding any need for relocation or
environmentd intervention at work or at home.

Prognosisfor work-relaed ashma isimproved
by early recognition and exposure cessation.

2. Conduct medicadl surveillance for the early
detection of work-relaed respiratory problems,
bothfor appropriateclinical management andto
show whether remediationshave been effective
in preventing new cases.

3. Promptly remediatewater incursionsandreplace
all wetted material that cannot bedriedoutin24
hours. Doing so reduces the potentia for
microbial amplification.

4. Use containment measures during renovations
that kegpexposurestocongtructiondustsandthe
reservoirsof moldandlatex that weidentifiedto
aminimum.

5. Ingtitute housekeeping practices that keep dust
accumulation at aminimum.

6. Repair eroded and damaged casing liners in
ventilation systems on the West Campus.

7. HVAC personnel and infection control officers
should review air flow maps (Appendix G) to
insure that the airflows observed are in
compliance with American Ingtitute of
Architects (AIA) and American Society of
Hesting, Refrigerating and Air-conditioning
Engineers (ASHRAE) guidelines for airflows
required.

8. Provide both service and health-care workers
with powder-free latex and/or non-latex gloves
where gppropriate.

9. Clean areas contaminated with latex dust.
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Table 1. Demographics of all 1273 participants’ in the questionnaire survey at BenefisHealthcare.

East Campus West Campus Both East/West b

. . . Other

hospital only hospital only Campus hospitals N (%)

N (%) N (%) N (%)
Gender (Female) 524/623 (84) 127/162 (78) 250/330 (76) 104/113 (92)
Age (Mean + SD) 418 +11.4 450 +9.7 41.6 +10.6 47.0 +10.7
Current Smoker 85/618 (14) 17/164 (10) 40/330 (12) 12/112 (11)
Former Smoker 132/618 (21) 38/164 (23) 82/330 (25) 35/112 (31)
Never Smoker 401/618 (65) 109/164 (66) 208/330 (63) 65/112 (58)
Tenure Ygg%('v' canx 10.6 + 8.9 134+91 109 + 86 123+89

& Across rows, denominators do not sum to the full 1273 participants due to missing data on questions.

b Other = Skilled Nursing Center, NW Bypass Building, Doctors Plaza, West Hospital Outpatient Surgery Building, NCMPB
Building, Spectrum Building, Work at Home, East Hospital Professional Building, Downtown Building

¢SD = Standard Deviation

Table 2. Demographics of 600 participants in 36 departments linked to environmentd sampling data®

East Campus West Campus hospital Both East/West Campus
hospital only only hospitals
N (%) N (%) N (%)
(Gender) Female 327/371 (88) 74/89 (83) 114/135 (84)

Age (Mean + SD) 413+112 444+938 418 +95
Current Smoker 45/368 (12) 7/89 (8) 14/136 (10)
Former Smoker 83/368 (23) 23/89 (26) 36/136 (26)

Never Smoker 240/368 (65) 59/89 (66) 86/136 (63)
Tenure Years (Mean + SD") 10.5 + 8.8 13.4 + 10.2 125+ 89

& Across rows, denominators do not sum to the full 600 participants due to missing data on questions.
®SD = Standard Deviation
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Table 3. Reported symptoms within the past 4 weeks and 12 monthsfor al 1273 participating employees?

Symptoms In last 4 weeks In last 12 months
N (%) N (%)
Overall symptoms:
Wheezing 168/1251 (13) 293/1249 (23)
Chest tightness 122/1251 (10) 213/1247 (17)
Shortness of breath 198/1257 (16) 276/1254 (22)
Any chest symptom 287/1250 (23) 419/1247 (34)
Possible asthma based on Venables’ 191/1242 (15) N/AC
Possible asthma based on Burney® N/A 386/1221 (32)
Nasal symptoms 798/1229 (65) 940/1225 (77)
Sinus symptoms 664/1221 (64) 860/1226 (70)
Throat irritation 228/1242 (18) 447/1238 (36)
Any upper respiratory symptom 886/1223 (72) 1032/1238 (83)
Work-related symptoms:

Any work-related chest symptom 99/1220 (8) 134/1198 (11)
Possible work-related asthma (Venables) 67/1239 (5) N/A
Possible work-related asthma (Burney®) N/A 118/1205 (10)

Any work-related upper respiratory symptom 353/1186 (30) 391/1176 (33)

@Denominators do not equal the full 1273 participants due to missing data on questions
® 3 or more lower respiratory symptoms from Venables et al. (3) asthma questionnaire

°N/A = Not Applicable

4 M eets symptom-based Burney ez al. (5) asthma definition

Page 22

Health Hazard Evaluation Report No. 2000-0255-2868



Table 4. Reported symptoms within the past 12 months, possible asthma based on symptom groupings, and

physician-diagnosed asthma, by campusfor all participating employees (N=1273).2

East Campus

West Campus

Both East/West

Symptoms hospital only hospital only Campus hospitals N IS t(r;/e;
N (%) N (%) (%) "
Overall symptoms:
Wheezing 148/616 (24) 28/164 (17) 88/333 (26) 25/109 (23)
Chest tightness 90/614 (15) 33/164 (20) 65/331 (20) 24/111 (22)
Shortness of breath 141/617 (23) 33/164 (20) 751334 (22) 23/112 (21)
Any of the above chest symptom 207/614 (34) 52/164 (32) 119/330(36) 37/112 (32)
Possible asthma based on Venables’ 103/613 (17) 18/162 (11) 49/329 (15) 17/111 (15)
Possible asthma based on Burney® 194/599 (32) 46/163 (28) 109/327 (33) 33/108 (31)
Nasal symptoms 462/606 (76) 119/159 (75) 260/329 (79) 83/105 (79)
Sinus symptoms 411/605 (68) 107/159 (67) 245/328 (75) 81/108 (75)
Throat irritation 225/610 (37) 46/162 (28) 131/329 (40) 39/109 (36)
Any upper respiratory symptom 505/612 (83) 133/160 (83) 281/330 (85) 93/109 (85)
Physician-diagnosed asthma 111/619 (18) 28/165 (17) 51/333 (15) 22/113 (19)
Physician-diagnosed asthma with 441608 (7) 9/159 (6) 20/325 (6) 8/110 (7)
post-hire onset
Work-related symptoms:
Any work-related chest symptom* 89/592 (15) 9/160 (6) 31/312 (10) 3/109 (3)
Possible work-related asthma 48/612 (8) 3/161 (2) 12/328 (4) 3/111 (3)
(Venables)*
Possible work-re ated asthma 80/592 (14) 71161 (4) 25/322 (8) 4/106 (4)
(Burney9*
Any work-related upper respiratory 221/585 (38) 28/152 (18) 109/315 (35) 25/99 (25)
symptom*
2Denominators do not equal the full 1273 participants due to missing data on questions
® 3 or more lower respiratory symptoms from Venableset al. (3) asthma questionnaire
© M eets symptom-based Burney et al. (5) asthma definition
* Significant differences between East and West Campus hospital participants (Chi-Square p < 0.05)
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Table5. Oddsratios® (OR) and 95% confidenceintervals (Cl) for subjective assessment scores, from final multivariate modds’ on
work-related lower respiratory symptom outcomes.

Any one or more of work-related wheeze, Any 3 or more of Venables asthma symptom
chest-tightness, or shortness of breathinthe  questionswith work-related pattern

last 12 months
Variable Category Analysis Variable OR (95% CI) OR (95% ClI)
Environmental Subjective score category:
Assessment
measures 1 (highest quartile) 2.4 (1.2-4.7) 2.1 (0.9-5.0) (p=0.07)
2 17 (0.9-3.4) (p=0.26) 1.6 (0.5-5.1) (p=0.44)
3 15 (0.7-3.1) (p=0.26) 0.6 (0.2-1.8) (p=0.38)
4 (lowest quartile) 1 1
Personal female gender --- -
age
smoking category - -
physician-diagnosed asthma 5.0 (3.0-8.2) 4.4 (2.3-8.6)
physician-diagnosed latex - 34 (1.1-10.5)
alergy
Home Moldy odors in home: Yesvs. 0.2 (0.07-0.8) ---
No 0.2 (0.02-1.2)
Water damage in home: Yesvs.
No

#0Rsfor environmental assessment measuresfor whichp < 0.10 are shown, and in bold typeif p < 0.05. For thevisua assessment score categories, the p-valuesareincluded
after the confidence intervals.
P All models corrected for age, gender, smoking status, and asthmatic status. W hen effects are not significant at the p < 0.10 level, ORs are not included in the table.
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Table 6. Associations between lower respiratory outcomes and environmenta measures, using univariate logistic regresson.?

Any chest | Any work- Any work- Venables Burney asthma
symptomin related chest | Anychest related chest asthmawith with work-
last 12 symptom in  symptomin symptominlast Venables \work-rdated Burney related
months last 12 months last 4 weeks |4 weeks asthma symptoms asthma | symptoms
Subjective Score ++ ++ ++ ++
Air VOC category ++ ++ ++ ++
Air In(endotoxin/m?®) ++ ++ ++ ++ ++ ++ -+
Air geometric mean ultrafine particle count
(particlesicm?) ++ ++ ++ ++ ++ ++ ++
Air mean culturable fungi (CFU/m?) ++ ++ ++ ++ ++ ++ ++
Air geometric mean spore count (spores/m°) ++ ++ ++ ++ ++ ++ ++
Chair In(endotoxin/chair) ++ ++
Chair culturable Pen/Asp (CFU/chair) + ++ ++ ++ ++ ++ ++
Chair In(EPS-Pen/Asp/chair) ++ ++
Chair In(p1-3 glucan/chair) ++ ++
Chair In(latex/chair) ++
Chair In(bacteria/chair) + ++
Floor mean culturable Cladosporium herbarum/m? ++
Floor culturable Altenaria alternatalm? + ++
Floor IN(EPS-Pen/Asp/m?) ++ ++ ++ ++
Floor In(p1-3 glucan/m?) + +
Floor cat allergen In(Fel d 1/m?) ++ ++ + ++

++ indicates a positive association at p < 0.05, between the health outcome and the environmental assessment measure
+ indicates a positive association at p < 0.10, between the health outcome and the environmental assessment measure
&N = 770 to 794 for the Subjective score analysis, depending on the health outcome. N = 541 to 558 for air sampling data. N = 512 to 527 for chair dust sampling data. N =

365 to 492 for floor dust sampling data.
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Table 7. Oddsratios* (OR) and 95% confidence intervals (Cl) for air sampling measures, from fina multivariate mode's’ on lower respiratory symptom

outcomes.

Any one or more of

wheeze, chest-tightness, or

Any one or more of work-

related wheeze, chest-

Any 3 or more of
Venables asthma

Any 3 or more of
Venables asthma

shortness of breath in the tightness, or shortness of symptom symptom questions with
last 12 months breath in the last 12 months questions work-related pattern
Variable Category  Analysis Variable OR (95% ClI) OR (95% ClI) OR (95% CI) OR (95% ClI)
Environmental Endotoxin: In(EU/m®) 2.5 (1.4-4.6) 25 (1.54.4)
measures Ultrafine particles: geometric
mean count (per 1000 increase) - 1.5 (1.3-1.7) - 1.3 (1.03-1.6)
Total spore count category:
4" quartile vs. 1% quartile 2.6 (0.9-7.8)
Personal female gender 0.3 (0.1-0.9)
age (per 10 yearsincrease) - 1.4 (1.04-1.8)
tenure (per 1 year increase) 1.0 (1.0-1.1) --- ---
smoking current vs never 2.3 (1.2-4.2) --- ---
physician-diagnosed asthma 13.2 (7.2-24.4) 5.1 (2.8-9.3) 7.0 (3.9-125) 43 (2.09.2)
physician-diagnosed latex allergy
2.8 (0.96-8.1) 33 (1199
Home moldy odorsin home: Yesvs. No  --- 0.3 (0.1-1.1)
mold in home: YesvsNo --- 20 (0.98-4.2) ---

2ORs for environmental assessment measures for which p <0.10 are shown, and in bold type if p < 0.05.
® All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, the ORs are not included in the table.
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Table8. Oddsratios®(OR) and 95% confidenceintervals(Cl) for chair dust samplingmeasures, fromfina multivariatemode s’ on lower respiratory symptom
outcomes.

Any one or more of Any one or more of Any 3 or more of Any 3 or more of Venables
wheeze, chest- work-related wheeze, Venables asthma asthma symptom questions
tightness, or shortness chest-tightness, or symptom questions  with work-related pattern
of breathinthelast 12  shortness of breath in the
months last 12 months
Variabl Analysis Variabl
aiable nalysis Variable OR  (95%Cl) OR  (95%Cl) OR (95%Cl) OR  (95%Cl)
Category
Environmental Latex allergen: In(ng/chair) 1.2 (1.0-1.4) --- --- ---
measures Culturable PenicilliumlAspergillus
Present vs Not Present - 2.6 (1.4-4.8) 23 (1.241) 2.6 (1.1-6.2)
Personal female gender - - --- ---
age (per 10 yearsincrease) 1.3 (1.1-1.6) --- 1.3 (1.0-1.8)
smoking current vs never 2.3 (1.2-4.3) --- ---
physician-diagnosed asthma 14.2 (7.4-27.2) 5.8 (3.2-10.6) 7.1  (3.9-12.8) 5.1 (2.7-11.0)
physician-diagnosed | atex allergy 33 (1.1-9.7) 32 (0.96-11.0) 4.7 (1.4-15.6) 3.6 (0.8-15.3)
Home moldy odors in home: Yesvs. No --- 0.2 (0.07-0.8)
water damage in home: Yesvs. No - 0.2 (0.02-1.3)

& ORsfor environmental assessment measures for which p <0.10 are shown, and in bold type if p < 0.05.

b All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, the ORs are not included in the table.
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Table9. Oddsratios®(OR) and 95% confidenceintervals(Cl) for floor dust sampling measures, fromfina multivariate mode s’ on lower respiratory symptom
outcomes.

Any one or more of Any one or more of Any 3 or more of Any 3 or more of Venables
wheeze, chest- work-related wheeze, Venables asthma asthma symptom questions
tightness, or shortness  chest-tightness, or symptom questions with work-related pattern
of breathinthelast 12  shortness of breath in the
months last 12 months
Variabl Analysis Variabl
ariable nalysis Variable OR  (95% Cl) OR  (95%Cl) OR (95%Cl) OR  (95%Cl)
Category
Environmental EPS-Pen/Asp: In(ng EqU/m?) 1.6 (1.2-2.2) --- 1.9 (1.2-3.0)
measures B1-3 Glucans: In(ug/m?) --- 14 (0.97-2.0) ---
Personal female gender - --- --- --- ---
age (per 10 yearsincrease) 1.4 (1.1-1.8) 1.5 (1.0-2.0)
smoking current vs never 2.4 (1.2-5.1) 24 (0.98-6.1)
physician-diagnosed asthma 16.2 (7.4-35.3) 7.9 (3.9-16.1) 11.5 (5.5-24.2) 10.1 (4.0-25.5)
physician-diagnosed | atex allergy 4.2 (1.3-13.9) 3.0 (0.84-11.1)
Home moldy odors in home: Yesvs. No 33 (1.3-8.5)
water damage in home: Yesvs. No --- 0.2 (0.04-1.0) --- ---

20Rs for environmental assessment measures for which p <0.10 are shown, and in bold type if p < 0.05.
® All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, ORs are not included in the table.
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Table 10. Associations between upper respiratory outcomes and environmenta measures, using univariate logistic regression.?

Any upper respiratory
symptom in the last 12

Any work-related upper
respiratory symptom in the

Any upper respiratory
symptom in the last 4

Any work-related upper
respiratory symptom in the

months last 12 months weeks last 4 weeks
Subjective Score ++
Air In(endotoxin/m®) ++ +
Air VOC category ++ ++
Air geometric mean ultrafine particle count
(particlesicm?®) ++ ++ +
Air mean culturable fungi (CFU/m?) + ++ + -+
Air geometric mean spores (Spore/m®) ++ ++
Chair culturable Pen/Asp chair (CFU/chair) ++ ++
Chair In(EPS-pen/asp/I/chair) +
Chair In(latex/chair) ++
Floor culturable Pen/Asp (CFU/m?) ++
Floor IN(EPS-Pen/AspIm?) ++
Floor C. herbarum/m? ++

++ indicates a positive association at p < 0.05, between the health outcome and the environmental assessment measure
+ indicates a positive association at p < 0.10, between the health outcome and the environmental assessment measure

2N = 761 to 790 for the subjective score analysis, depending on the health outcome. N = 540 to 559 for air sampling data. N = 508 to 527 for chair dust sampling data. N =

362 to 492 for floor dust sampling data.
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Table11. Oddsratios* (OR) and 95% confidenceintervals (Cl) for air sampling measures, from final multivariate modds’ on upper respiratory symptom
outcomes.

Any one or more of Any one or more of work- ~ Any oneor moreof  Any one or more of work-
nasal, sinus or throat related nasal, sinus or nasal, sinusor throat  related nasal, sinusor
symptomsin the last throat symptomsinthelast  symptomsinthelast throat symptomsin the last
12 months 12 months 4 weeks 4 weeks
Variable Analysis Variable OR  (95%Cl) OR (95% Cl) OR  (95% Cl) OR  (95%Cl)
Category
Environmental Ultrafine particles: geometric mean - 1.3 (1.2-1.5) - 1.3 (1.2-1.5)
measures count (per 1000 increase)
Personal female gender 2.6 (1.4-4.9) --- - -
age (per 10 yearsincrease) - --- - -
smoking current vs never
physician-diagnosed asthma 3.9 (1.2-4.2) 2.1 (1.3-3.4) 34 (1.7-7.0) 2.1 (1.2-3.4)
Home moldy odors in home: Yesvs. No 0.5 (0.3-1.0) (1.1-4.8) 0.4 (0.2-0.8)
water damage in home: Yesvs No 2.2

a

ORs for environmental assessment measures for which p <0.10 are shown, and in bold type if p < 0.05.
b All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, ORs are not included in the table.
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Table 12. Odds ratios* (OR) and 95% confidence intervals (Cl) for chair dust sampling measures, from final multivariate mode's’ on upper respiratory
Symptom outcomes.

Any one or more of Any one or more of work- ~ Any oneor moreof  Any one or more of work-
nasal, sinusor throat related nasal, sinus or nasal, sinusor throat  related nasal, sinusor
symptomsin the last throat symptomsinthelast  symptomsinthelast throat symptomsin the last
12 months 12 months 4 weeks 4 weeks
Variable Analysis Variable OR  (95%Cl) OR (95% Cl) OR (95%Cl) OR (95% Cl)
Category
Environmental EPS-Pen/Asp: In(ng EqU/chair) 14 (0.97-2.0) --- --- ---
measures Culturable PenicilliumlAspergillus
present vs. not present --- 1.6 (1.1-2.4) --- 1.7 (1.1-2.6)
Latex allergen: In(ng/chair) 12 (0.98-1.3) 1.2 (1.01-1.9)
Personal female gender 2.0 (1.0-3.9)
age (per 10 yearsincrease)
smoking current vs never --- --- - -
physician-diagnosed asthma 4.1 (1.4-11.8) 2.3 (1.4-3.9) 34 (1.7-7.0) 2.3 (1.3-3.8)
physician-diagnosed latex allergy 2.9 (1.0-8.2) 2.6 (0.9-7.5)
Home moldy odors in home: Yesvs. No 0.5 (0.2-0.8) 0.3 (0.2-0.7)
water damage in home: Yesvs No - - 21 (0.99-4.5)

2ORs for environmental assessment measures for which p <0.10 are shown, and in bold type if p<0.05.
® All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, ORs are not included in the table.
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Table 13. Odds ratios* (OR) and 95% confidence intervals (Cl) for floor dust sampling measures, from final multivariate modes’ on upper respiratory
Symptom outcomes.

Any one or more of Any one or more of work-  Any one or more of  Any one or more of work-
nasal, sinusor throat related nasal, sinusor nasal, sinus or related nasal, sinusor
symptomsin the last throat symptomsinthelast  throat symptomsin throat symptoms in the last
12 months 12 months thelast 4 weeks 4 weeks
Vaiable Analysis Variable OR  (95% Cl) OR (95% Cl) OR  (95% Cl) OR  (95%Cl)
Category
Environmental EPS-Pen/Asp: In(ng EQU/m?) 14 (0.97-2.0) ---
measures Culturable C. herbarum
present vs. not present --- 1.6 (1.1-2.4) ---
Culturable PenicilliumlAspergillus
present vs. not present 2.6 (1.5-4.5)
B1-3glucans: In(ug/m?) 1.3 (1.0-1.7)
Personal female gender 2.0 (1.0-3.9) --- --- ---
age (per 10 yearsincrease) - - - -—-
smoking current vs never - - - -—-
physician-diagnosed asthma 4.1 (1.4-11.8) 2.3 (1.4-3.9) 29 (1.45.8) 2.8 (1.5-5.1)
physician-diagnosed latex allergy - 2.9 (1.0-8.2) - -
Home moldy odors in home: Yesvs. No --- 0.5 (0.2-0.8) --- 0.3 (0.1-0.8)
water damage in home: Yesvs No --- - 23  (1.05.0) -

#ORs for environmental assessment measures for which p <0.10 are shown, and in bold type if p < 0.05.
® All models corrected for age, gender, smoking status and asthmatic status. W hen effects are not significant at the p < 0.10 level, ORs are not included in the table.
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Figure 1. Distribution of |ower respiratory symptoms, symptom-based possi bleasthma, and physi cian-diagnosed asthma acrossthefl oorsof the East (E) and
West (W) Campus hospitals.
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Figure 2. Digtribution of upper respiratory symptoms across the floors of the East (E) and West (W) Campus

hospitas
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Figure 3: Comparison of the geometric means of environmentd analytes in floor dust at the East and West
Campuses (Note: Concentration unitsfor each analyte arelisted on the x-axis)
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* East and West Campus hospitals significantly different (p < 0.05)

Health Hazard Evaluation Report No. 2000-0255-2868 Page 35



Figure 4: Comparison of the geometric means of environmentd analytesin chair dust at the East and West
Campuses (Note: Concentration unitsfor each analyte arelisted on the x-axis)
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* East and West Campus hospitals significantly different (p < 0.05)

Page 36 Health Hazard Evaluation Report No. 2000-0255-2868



DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control and Prevention

National Institute for Occupational Safety and Health
4676 Columbia Parkway

Cincinnati, OH 45226-1998

OFFICIAL BUSINESS
Penalty for private use $300

Aational Institule far
Occupational safety and Haalth

IOSH

Delivering on the Nation's promise:
Safety and Health at work for all people
through research and prevention

To receive NIOSH documents or information about
occupational Safety and Health topics
contact NIOSH at:

1-800-35-NIOSH (356-4674) Fax:
1-513-533-8573 E-maiil: pubstaft@cdc.gov
or visit the NIOSH web site at:
www.cdc.gov/niosh/homepage.html

SAFER*HEALTHIER * PEOPLE™




