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Case Studies

Evaluation of Microbiological Contamination

in a Museum

Reported by Ann M. Krake, Karen A.
Worthington, Kenneth M. Wallingford,
and Kenneth F. Martinez

Our everyday encounters with typi-
calbackground levels of microorganisms
generally do not pose a significant oc-
cupational health risk to healthy adults.
However, certain contaminated environ-
ments present unique exposure concerns
due to the nature of the microorgan-
isms encountered, the concentrations of
the microorganisms, and the suscepti-
bility of the exposed population. Such
was the case when the National Insti-
tute for Occupational Safety and Health
(NIOSH) received a request to conduct
a health hazard evaluation of a capitol
annex building located in the southern
United States. There were approximately
50 employees working there, responsible
for archiving, restoring, and displaying
historical items and disseminating the
state’s historical information to the pub-
lic. Some of these employees reported
upper respiratory irritation, allergies,
and hypersensitivity pneumonitis (HP),
which they associated with mold con-
tamination in their work environment.

An initial investigation, which es-
tablished the presence of two primary
indoor microbiological contamination
sources, was conducted in July 1996.
A second, more extensive investigation
was conducted in December of the same
year to better characterize the nature and
extent of the microbiological contami-
nation. This case study presents the find-
ings from these investigations.

Background
The Annex Building

The annex is a four-story, five-floor
building of approximately 30,000 square
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feet built in 1869. Ithouses a museum, li-
brary, and state historical society offices,
as well as space for archival storage and
historical artifact restoration. The mu-
seum is located on the first floor and the
library is on the third floor. The base-
ment has additional historical displays as
well as an historical archive restoration
room, maintenance workshop, security
and archive offices, a paintings storage
room, and a small lunchroom. The sec-
ond floor includes offices and storage
rooms for maps and photographs. In ad-
dition to the library, the third floor in-
cludes a room which houses a rare books
collection and several offices. On the
fourth floor is a small enclosed room
used for manuscript storage.

The heating, ventilating, and air con-
ditioning (HVAC) system was installed
in 1973 and consists of two constant vol-
ume air handling units (AHUs), pneu-
matically controlled, which run 24 hours
per day for archive stability. Each room
in the annex building has its own termi-
nal reheat box. The supply ducts are all
lined internally with fibrous glass sound
liner downstream from the terminal re-
heat boxes. A steam humidification sys-
tem, operated from a dedicated boiler,
has been used in past winters. Filtra-
tion consists of approximately 30 percent
efficient roll filter media, which is ad-
vanced when the static pressure increases
to 0.5 inches water gauge. The boilers
and chiller are located in the basement,
and a separate area on the fourth floor
houses the two AHUs. The roof, which
was replaced in 1991, is where the cool-
ing tower is located.

During the July investigation, it was
brought to our attention that failing
hot water valves located over the mu-
seum and over several second- and third-
floor offices had leaked and caused

some damage to suspended ceiling pan-
els and carpets throughout the building.
These water-damaged items had not been
cleaned or replaced at the time of our
visit. We also observed that the interior
of the windows was covered with con-
densed moisture.

Microbiological Contamination

In recent years, bioaerosols (the term
given to airborne microorganisms and
their products) have become an impor-
tant occupational health issue inthe areas
of agriculture, biotechnology, and non-
industrial indoor environments. Much
of the concern regarding exposure to
bioaerosols has focused on the ability
of certain microorganisms to elicit in-
appropriate immunological responses in
susceptible individuals. Adverse health
effects to microorganisms are ultimately
determined by the immunological state
of the exposed individual, the affect-
ing agent (e.g., fungi, bacteria, viruses,
cell wall constituents, protozoans, and
metabolic products such as mycotoxins),
the airborne concentration, and the asso-
ciated disease outcome (infection versus
a sensitization reaction). A comprehen-
sive understanding of these determinants
and their interactions is necessary to help
resolve occupant exposure risk.

Microorganisms (including fungi and
bacteria) are normal inhabitants of the
environment. The saprophytic varieties
(those utilizing non-living organic mat-
ter as a food source) inhabit soil, vege-
tation, water, or any reservoir that can
provide an ample supply of nutrients.
Under the appropriate conditions (op-
timum temperature and pH, sufficient
moisture, and available nutrients) sapro-
phytic microorganism populations can
be amplified. Through various mecha-
nisms, these microorganisms can then
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be disseminated as individual cells or in
association with soil, dust, or water par-
ticles. In the outdoor environment, the
level of bioaerosols will vary accord-
ing to the geographic location, climatic
conditions, and surrounding activity. In
a well-maintained indoor environment,
where there is no unusual source of mi-
croorganisms, their level may vary some-
what as a function of HVAC system
filtration, the overall cleanliness of the
HVAC system, and the number and ac-
tivity level of occupants. Typically, the
indoor levels of bioaerosols are expected
to be below the outdoor levels with a
consistently similar ranking among the
individual microorganisms.!?)
Acceptable levels of bioaerosols have
not been established. This is primarily
because allergic reactions can occur even
with relatively low airborne concentra-
tions of allergens, individuals differ with
respect to immunogenic susceptibilities,
and the diversity of the microorganisms
to which we may be exposed is great.
It is unlikely that evaluation criteria for
bioaerosols will be established in the
near future given the lack of scientifi-
cally valid epidemiological and toxico-
logical data to establish dose-response
relationships. Hence, the current strat-
egy for the evaluation of environmental
microbiological contamination involves
an inspection to identify sources (reser-
voirs) of microbial growth and potential
routes of dissemination (pathways). In
those locations where contamination is
either visible or suspected, bulk and sur-
face samples may be collected to identify
the predominant microorganism (fungi,
bacteria, and thermoactinomycetes). In
limited situations, air samples may be
collected to document the presence of a
suspected microbiological contaminant
and the dissemination pathway(s).®
Fungal growth, as well as being a po-
tential health hazard, can also be a se-
rious problem for paper collections and
archives. Fungi will grow on anything
offering suitable nutrients, including the
paper, adhesives, and leather of books.
Some types of fungi prefer the easily di-
gested starches, gums, and gelatin found
in book bindings and paper size, while
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others attack and digest the cellulose
in paper, causing irreversible weakening
and staining. The presence of visible fun-
gal contamination indicates the potential
for exposure and is sufficient reason to
initiate remediation activities.*)

Health Effects

Exposure to bioaerosols in indoor en-
vironments can cause a range of health
effects including infectious, toxic, and
allergic/inflammatory responses; how-
ever, why some persons develop dis-
ease while others remain healthy is,
at present, poorly understood. Because
fungi were the predominant organisms
identified in the annex building, this dis-
cussion is limited to fungi and their
known health effects related to indoor
environments.

Only a few fungi (e.g., Histoplas-
ma, Blastomyces, and Cryptococcus)
are considered primary, systemic, hu-
man pathogens that can infect healthy
persons.®) A large number of fungal
species are known to cause infection
in immunocompromised persons, such
as those with AIDS or those receiv-
ing chemotherapy. These infections are
known as opportunistic infections and
frequently involve fungi from the genera
Aspergillus and Fusarium. Exposure to
Aspergillus in this population may lead
to respiratory or systemic forms of as-
pergillosis. Fusarium infections are rare
and normally cause local skin infections,
although lethal invasive cases have been
documented.©®

Allergic respiratory diseases result-
ing from exposure to fungi have been
documented in agricultural and indus-
trial biotechnology settings, offices, and
home environments,”” '¥ and include
allergic rhinitis (nasal allergy), allergic
asthma, allergic bronchopulmonary as-
pergillosis, and HP.!'> Allergic rhinitis is
characterized by sneezing, itching of the
mucous membranes, nasal congestion,
and rhinorrhea (runny nose) with post-
nasal drainage. Allergic asthma is char-
acterized by cough, shortness of breath,
and wheezing as a result of the narrow-
ing of bronchial passages (airways). Al-
lergic bronchopulmonary aspergillosis,

which can occur in people with asthma,
is characterized by cough, fatigue, low-
grade fever, and wheezing.!'®!” Heavy
exposures to airborne fungi can cause
an acute form of HP, which is charac-
terized by chills, fever, malaise, cough,
and shortness of breath appearing four
to eight hours after exposure. In the
chronic form, thought to be induced by
continuous low-level exposure, onset oc-
curs without chills, fever, or malaise and
is characterized by progressive short-
ness of breath with weight loss.!'®) Some
of the fungal species associated with
HP include Penicillium, Aspergillus, and
Cladosporium. However, most cases of
HP are found in agricultural settings
and occupations, and are associated
with a filamentous bacterium known
as thermoactinomycetes.!”) Thermoac-
tinomycetes are most numerous in mold-
ing hay, cereal grains, and compostheaps
that have heated spontaneously to over
60°F."

Methods
July Environmental Evaluation"

The initial evaluation was conducted
to determine if microbiological contam-
ination existed in the offices that could
cause or contribute to the reported symp-
toms and to determine if a follow-up
bioaerosol evaluation would be of value.
Twelve sticky-tape surface samples were
collected by pressing cellophane tape to
the visibly contaminated HVAC system
sound liner, supply diffusers, and histor-
ical artifacts, including books and paint-
ings. The samples were microscopically
analyzed to identify fungi, to species if
possible. Nine bulk samples were col-
lected from visibly contaminated AHU
sound liners, terminal reheat box sound
liners, suspended ceiling panels, and car-
peting. The samples were submitted for
analyses of total colony count and identi-
fication, to species if possible, for fungi,
bacteria, and thermoactinomycetes. Rel-
ative humidity (RH) and temperature
measurements were collected on each
floor of the building and in offices where
sticky-tape and bulk samples had been
collected.



July Medical Evaluation

Private medical interviews were con-
ducted with six symptomatic employ-
ees who wished to speak with NIOSH
investigators, including one employee
with a reported diagnosis of HP. During
the interviews, employees were asked if
they had experienced any health symp-
toms while at work, the frequency of the
symptoms, the temporal relationship of
symptoms to work, and any observations
which they had about the office environ-
ment. Medical records of the employee
with HP were obtained from the treating
physician, who was also interviewed.

December Environmental Evaluation®”

The second evaluation was conducted
to better characterize the nature and
extent of the microbiological contami-
nation during the winter season, when
the majority of adverse health effects
were reported to occur. Surface, bulk,
and air samples were collected at the an-
nex building over three consecutive days
and were analyzed using both culturable
and microscopic methods. Sample loca-
tions were chosen based on employee
complaints, use of the work area, and
suspected or obvious contamination of
historical artifacts and the HVAC system.
The annex building’s HVAC system per-
formance was also assessed during this
evaluation.

Surface Samples

Sticky-tape surface samples (11 total)
were collected by pressing cellophane
tape over visibly contaminated histori-
cal artifacts, including books, paintings,
and maps. These items were fragile and
required a technique which would not
damage the surface of the artifact. An
additional five surface samples were col-
lected by pressing a replicate organ-
ism detection and counting (RODAC)
plate filled with malt extract agar (MEA)
against less fragile surfaces, including
bookshelves and filing cabinets, where
microbiological contaminants may have
settled. The tape samples were analyzed
by optical microscopy, and the RODAC
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samples were incubated at room temper-
ature and then observed for fungal genera
(type) and number of colonies. Micro-
vacuum sampling, which involves using
an air pump to “vacuum’ suspected sur-
face contaminants onto a mixed cellulose
ester (MCE) filter, was also conducted.
Fourteen micro-vacuum samples were
collected from book covers, maps, car-
pets, and the backs of canvas paintings.
For each sample, analysis consisted of
two methods—microscopy, and then di-
lution of the filter contents which were
placed onto several different nutrient me-
dia, including MEA and dichloran glyc-
erol (DG 18) agar, to determine fungal
genera and concentration.

Bulk Samples

As in the July evaluation, two bulk
samples were collected by cutting ap-
proximately one square inch of material
from the sound liner downstream of the
cooling coils inside both AHUs. Anaddi-
tional three bulk samples were collected
the same way from the interior sound lin-
ers of the terminal reheat boxes in the
security office, the lunchroom, and in a
second floor office. A bulk sample of the
vacuum cleaner water, taken from the
catch basin of the vacuum after it was
used to “steam-clean” clothing, was col-
lected in a glass vial. All of the bulk sam-
ples were diluted and cultured on MEA,
for fungal cultures, and tryptic soy agar
(TSA), for bacterial cultures, and then
analyzed microscopically for fungal and
bacterial genera and concentrations.

Air Samples

Air samples were collected using an
Andersen single-stage sampler, where a
known volume of air passes into the sam-
pler and airborne fungal spores are im-
pacted onto an MEA-filled plate. The
samples were incubated at room temper-
ature and analyzed for fungal genera and
concentration. From 6 to 12 Andersen
single-stage samples were collected in
each of 11 locations over 3 days through-
out the 5 floors of the annex building and
outdoors, for a total of 108 samples.
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Annex Building HVAC System
Performance

To further evaluate the HVAC system
performance, the as-built drawings for
the system were reviewed, a visual in-
spection of the system was performed,
and temperature, RH, and carbon diox-
ide (CO;) measurements were made at
ten locations indoors and one location
outdoors, corresponding to the locations
of the air samples.

Results
July Environmental Evaluation Results

The environmental results from the
July evaluation established the presence
of two primary sources of indoor mi-
crobiological contamination: the annex
building’s HVAC system and the his-
torical artifacts collection. Sticky-tape
surface and bulk samples indicated the
presence of relatively large concentra-
tions of Penicillium, Cladosporium, and
Tritirachium species growing on the fi-
brous glass sound liners downstream of
the cooling coils of the annex building’s
two AHUs and on many of the historical
artifacts, including books, clothing, and
paintings. These samples also indicated
the presence of other fungal genera, in-
cluding Aspergillus, found growing on
the supply air diffusers in several annex
building offices. The sticky-tape surface
and bulk sample results from the July
evaluation are compiled in Tables I and
I1, respectively.

The RH measured throughout the an-
nex building during the July evaluation
ranged from 52 percent to greater than 66
percent, with most of the measurements
being greater than 60 percent.

December Environmental Evaluation
Results

During the December evaluation, 8 of
the 11 sticky-tape surface samples con-
tained Aspergillus glaucus section, and
the remaining 3 had no apparent fun-
gal structures. Conidia, hyphae, and con-
diophores of A. glaucus section were
found on book covers and a ledger in the
manuscript storage room, on book cov-
ers in the rare book room, and on backs
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TABLE I
Sticky-tape surface sample results—July evaluation

Sample location

Fungal identification

Air handling unit A, sound liner,
downstream of cooling coils
Air handling unit B, sound liner,
downstream of cooling coils
Air handling unit B, sound liner,
downstream of cooling coils
Library supply diffuser 1
Library supply diffuser 2

Library supply diffuser 3

Library supply diffuser 4

Library supply diffuser 5

Second floor office terminal
reheat box sound liner

Second floor office supply diffuser

Second floor office ceiling panel

Basement office ceiling panel

Penicillium
Cladosporium and Penicillium

Mycelia and spores of Cladosporium,
Penicillium, and Tritirachium

Unidentified fungal spores

Mycelia and spores of Cladosporium and
Aspergillus

Mycelia and spores of Cladosporium

Mycelia and spores of Cladosporium

Mycelia and spores of Cladosporium

Mycelia, probably Cladosporium

Unidentified fungal spores
Unidentified fungal spores
Unidentified fungal spores

of paintings in the painting storage and
archival storage rooms. Results of the
RODAC plate surface samples, which
are compiled in Table III, indicated that
spores of numerous fungal genera were
found on bookshelves in the manuscript

storage and rare book rooms, and on a
metal file cabinet in the map room.
Seven of the 14 micro-vacuum sur-
face samples analyzed by optical mi-
croscopy, like the sticky-tape surface
samples, indicated A4. glaucus section

TABLE II
Bulk sample results—July evaluation

Total fungal
Fungal concentration
Sample location Identification (CFU/g)*

Air handling unit A, sound liner,  Penicillium 15,520,000
opposite cooling coils

Air handling unit B, sound liner,  Penicillium 6,744,000
opposite cooling coils

Second floor office, reheat coil Penicillium 1724
sound linear, upstream

Second floor office, sound liner, Penicillium 725
below cooling coils

Second floor office, ceiling None detected N/A
panel, next to diffuser

Second floor office, carpet None detected N/A
under bookcase

Second floor office, carpet None detected N/A
under leaky hot water valve

First floor museum room, None detected N/A
ceiling panel

First floor storage room, carpet Penicillium 10

ACFU/g = colony forming units per gram of sample.

contamination of books, ledgers, and
maps in the manuscript storage and rare
book rooms. Nine of the 14 samples
collected in the manuscript storage and
rare book rooms, and also from the
museum, paintings storage room, and
the map room, contained Aspergillus-
Penicillium-, and Cladosporium-like
spores. Results from the cultured micro-
vacuum samples are compiled in Table
IV. Although most of the samples (9 of
14) showed no growth, the remaining 5
had low concentrations of Penicillium,
Cladosporium, and other fungal genera.

Results from the analysis of the six
bulk samples are compiled in Table V.
AHUs A and B were both contami-
nated with Penicillium, and AHU B was
also contaminated with Cladosporium.
Penicillium concentrations ranged from
more than 13 million colony forming
units per gram (CFU/g) in AHU A to
more than 22 million CFU/g in AHU B.
These samples also contained low con-
centrations of Thermoactinomyces can-
didus (TA candidus) (4724 CFU/g in
AHU A and 847 CFU/g in AHU B),
which is usually only found in agri-
cultural environments. The samples col-
lected from the interior sound liners of
the terminal reheat boxes in the secu-
rity office, the lunchroom, and the sec-
ond floor office contained low concen-
trations of Penicillium and Cladospo-
rium (Penicillium concentrations ranged
from 1587 CFU/g [second floor office]
to 73,134 CFU/g [lunchroom]). The re-
heat boxes in the security office and
the second floor office also contained
low concentrations of T4 candidus and
thermophilic bacteria, and the reheat
box in the lunchroom contained more
than 15 million CFU/g of unspecified
gram-negative bacteria. The bulk sam-
ple collected from the wastewater catch
basin of the steam vacuum cleaner con-
tained low concentrations of several fun-
gal species, thermophilic bacteria, and
gram-negative bacteria.

A graphical summary of the Ander-
sen single-stage air sample results shown
Figure 1. The left vertical axis refers to
the bars in the graph and indicates the
average (arithmetic mean) of the total



concentration of all fungal genera iden-
tified in each location. The right verti-
cal axis refers to the two types of fungi
listed, Tritirachium and Aspergillus ver-
sicolor, and the percentage each con-
tributed to the samples taken at each
location. For example, in the manuscript
storage room on the days we sampled, we
found an average fungal concentration of
205 colony forming units per cubic meter
(CFU/m?) of air. Of that total concen-
tration, the fungal genera Tritirachium
composed 18 percent and the genera and
species A. versicolors, 7.5 percent. Over-
all, Tritirachium, which was not found

CASE STUDIES

outdoors, ranged from 18 percent to 57
percent indoors and was present in 84
percent (82/98) of all the air samples col-
lected indoors. The Aspergillus genera,
which made up 16 percent of the out-
door samples, ranged from 3 percent to
19 percent indoors, and the species A.
versicolor, which made up 1.2 percent
of the outdoor samples, ranged from not
detected to 7.5 percent indoors. Penicil-
lium comprised 10 percent of the outdoor
samples and from 1 to 14 percent of the
indoor samples.

During the visual inspection of the
HVAC system, it was found that AHU

TABLE III
RODAC plate surface sample results—December evaluation

Sample location

Colony
counts

Fungal
identification

Manuscript storage room
(Row 1 book shelf)

Manuscript storage room
(Row 2 book shelf)

Tritirachium

Cladosporium 1
Basidiomycetes

Penicillium

Rare book room (shelf
under supply diffuser
in back of room)

Aspergillus versicolor
Aspergillus fumigatus
Tritirachium

Rare book room (book
shelf in last row)

Map room (top of metal
file cabinet)

Pithomyces
Chaetomium
Nigrospora
Phoma

Penicillium 1
Basidiomycetes
Chaetomium

Cladosporium

Aspergillus fumigatus
Penicillium

Cladosporium
Basidiomycetes

Aspergillus versicolor

Basidiomycetes
Cladosporium
Epicoccum nigrum
Phoma

yeasts

Penicillium
Rhodotorula
Penicillium 1
Basidiomycetes
Cladosporium

Epicoccum nigrum
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B had a one-inch gap between the roll
filter and the filter frame, allowing unfil-
tered air into the supply airstream. Inte-
rior CO; concentrations ranged from 425
to 650 parts per million (ppm), interior
temperatures ranged from 62°F to 80°F,
and interior RH ranged from 14 percent
to 36 percent. (The humidifier was not
operating at this time.) By comparison,
RH measurements taken during the July
visit ranged from 52 percent to 66 per-
cent, which shows wide RH fluctuations
between the heating and cooling seasons.

July Medical Evaluation Results

Of'the six employees interviewed dur-
ing the initial July visit, four worked on
the second floor, one in the basement, and
one on the third floor of the annex build-
ing; most reported working in other areas
of the building throughout the day to ac-
complish their job duties. Although the
majority of the interviewed employees’
work involved administrative and cleri-
cal duties, at times they were required
to work directly with the exhibits and
to handle historic clothing, photographs,
books, furniture, and other artifacts. One
employee’s job required extensive work
with the photographic archives in the
archive storage room.

All six employees interviewed were
non-smokers. All noted increased symp-
toms while in the annex building;
headaches, sinus congestion, and sinus
pressure were the most commonly re-
ported symptoms and the symptoms
most relieved when employees left the
building. Three of the employees inter-
viewed felt that their symptoms were
worse in winter. One reported an episode
of “hives” on the trunk and extremities
that lasted for several months during the
winter.

Three workers reported physician-
diagnosed allergies to molds and dust,
and one of the three also reported aller-
gies to grasses and trees. Two of these
employees worked on the second floor
and one on the third floor. All three were
receiving allergy shots regularly and tak-
ing medications such as antihistamines
as needed. One employee with extensive
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contact with photographic artifacts de-
veloped upper respiratory symptoms,
episodes of low-grade fever, chills, and
muscle aches, which persisted through
the winter and led to several courses of
antibiotic therapy for “bronchitis.” Sub-
sequent medical testing revealed serum
antibodies to Aspergillus niger and TA
candidus. The treating allergist made a
provisional diagnosis of HP based on
work history, medical symptoms, and re-
sults of the HP panel. The allergist had
not seen the worker during the period of
acute illness, when physical exam and a
diagnostic work-up may have helped to
establish the diagnosis. This clinical

A.M.KRAKE ET AL.

picture prompted the physician to re-
commend investigation of the HVAC
systems in the employee’s work and
home environments for evidence of fun-
gal contamination.

Discussion

Overall, the sampling results indi-
cated that, although the annex building
envelope (exterior walls) showed no vis-
ible evidence of contamination or water
damage, components of the HVAC sys-
tem and building interior show contam-
ination (visible mold growth) with high
concentrations of many fungal and some

TABLE IV

bacterial genera. Because patterns of
growth and contamination change with
every season, the results obtained during
these surveys are only indicative of con-
ditions at those times.

In all, 45 fungal genera and species
were identified from the samples that
were collected during the December
evaluation, 36 inside and 23 outside the
annex building. Most of the genera iden-
tified indoors were also found outdoors,
with one exception being the fungus 7ri-
tirachium. In other studies, Tritirachium
has been isolated from building HVAC
systems and can be found outdoors only
during certain seasons.?? Tritirachium,

Cultured micro-vacuum surface sample results—December evaluation

Total fungal

Total concentration Fungal taxonomic
Sample location samples (CFU/g)A rank®¢
Manuscript storage room 1 38,461 Pen>> Acre> Clad [Chae
(book cover dust)
Manuscript storage room (book cover 5 No growth N/A
dust, maps, ledgers, and journals)
Rare book room (rare book covers) 2 No growth N/A
Rare book room (shelf under 1 5300 Clad> > > Pen> Asp [Trit [Acre
supply diffuser in back of room)
Map room (top of metal file) 1 700 Pen> Clad [Pith
Museum room (original museum 1 5800 Clad> > Phoma [Pen>
rug, antebellum gallery) E. nig [Pith peasts
Museum room (original museum 1 1800 Clad> > yeasts [Pen [Phoma JAlt
rug by dresser [less foot traffic])
Painting storage room 2 No growth N/A

(backs of canvas paintings)

Key:

ACFU/g = colony forming units per gram.

BPen = Penicillium
Acre = Acremonium
Clad = Cladosporium
Chae = Chaetomium
Asp = Aspergillus
Trit = Tritirachium
Pith = Pithomyces

E. nig = Epiccocum nigrum

Alt = Alternaria.
Ce

>” indicates approximately one order of magnitude higher concentration

“>>7 indicates approximately two orders of magnitude higher concentration
“>>>" indicates approximately three orders of magnitude higher concentration
“/” indicates approximately equal concentrations of organisms.



although collected from the sound liner
of AHU B in July, was not found in any
of the outdoor air samples we collect-
ed, or even actively growing within any
of the HVAC components we sampled in
December; Tritirachium, however, was
found in 84 percent of the Andersen air
samples collected inside the annex build-
ing. This indicates the presence of an
indoor environmental reservoir and sub-
sequent dissemination throughout the
annex building. Although this organism
has not been associated with any partic-
ular health effects, all fungal spores are
potentially allergenic.

Although no clear indoor sources of
Tritirachium were identified in Decem-
ber, Penicillium, Cladosporium, and As-
pergillus were identified on surfaces and

CASE STUDIES

in the two AHUs servicing the annex
building. These are among the 10 most
frequently detected microorganisms in
humid buildings and are widely dis-
tributed in soil, dust, and other organic
debris. Each of these has been associated
with case reports of HP, although pre-
dominantly in agricultural environments
with heavy airborne exposure."?) Peni-
cillium was found actively growing in
the two AHUs, most likely because of in-
creased moisture and debris on the sound
liner downstream of the cooling coils
(although the sound liner of both AHUs
was noticeably wetter during the July
visit than during the December visit). In
both the July and December evaluations,
AHUs A and B had visible growth of
Penicillium and Cladosporium and are

TABLE V

Bulk sample results—December evaluation

505

thus a potential source for dissemination
and contamination throughout the rest of
the HVAC system.

A totalof 12 Aspergillus species were
identified in the air samples collected
in the annex building. A. fumigatus, A.

Aavus, A. niger, and A. terreus were

found in small concentrations on sur-
faces and in the air inside the annex
building. 4. glaucus section was iden-
tified in larger quantities on artifacts
and other surfaces throughout the an-
nex building. All have been associated
with infections in immunocompromised
persons, although A. fumigatus is re-
sponsible for most of these types of
infections.!") 4. versicolor was found at
airborne concentrations that were higher
indoors than outdoors, which indicates

Total fungal  TA candidus®

concentration  concentration Fungal taxonomic
Sample location (CFU/g)* (CFU/g) rank©P

Air handling unit A 13,300,790 4724 Penicillium only
(sound liner)

Air handling unit B 24,738,980 847 Pen>>>Clad
(sound liner)

Basement room A (terminal 5556 No growth Pen>Clad
reheat box sound liner)

Basement room B (terminal 76,119F 746 Pen>>>Clad> Phoma
reheat box sound liner)

Second floor room A (terminal 11,111 794 Rhod> > Pen> Clad
reheat box sound liner)

Waste vacuum cleaner 6050F No growth yeasts> > Rhod> Phoma [Clad
water
Key:

ACFU/g is colony forming units per gram.
BTA candidus is Thermoactinomyces candidus.

€ Pen is Penicillium
Clad is Cladosporium
Phoma is Phoma
Rhod is Rhodotorula

D

>” indicates approximately one order of magnitude higher concentration

“>>” indicates approximately two orders of magnitude higher concentration
“>>>" indicates approximately three orders of magnitude higher concentration
“/” indicates approximately equal concentrations of organisms.
EThis sample also contained a concentration of 15,543,280 CFU/g gram-negative bacteria.
FThis sample also contained a concentration of 5,288,360 CFU/m’ gram-negative bacteria. (No
gram-negative bacteria were found in any other bulk samples.)
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potential indoor growth and dissemina-
tion of this organism. Although not de-
tected in any of the samples collected
from the HVAC system components, the
presence of this organism, which re-
quires a relatively high-moisture envi-
ronment, may indicate contamination of
the system.

TA candidus was found in low con-
centrations in several HVAC system
components. The advent of the heating
season may provide an environment suit-
able for the proliferation of this organism
due to the warming of the ventilation
system. However, the concentrations we
found are inconclusive as to the presence
of an indoor reservoir. T4 candidus has
been associated with HP, usually in agri-
cultural environments.!® The suspicion
of HP in the worker with antibodies to
TA candidus,recurrent respiratory symp-
toms, and a possible history of occupa-
tional exposure is appropriate, although
the diagnosis of HP could not be firmly
established from the history and medical
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records available to the NIOSH investi-
gators. A high degree of clinical suspi-
cion is required to confirm a diagnosis of
HP.®¥ The presence of antibodies to T4
candidus and Aspergillus niger in blood
samples indicates that at some point this
individual was exposed to these fungal
species; however, it is difficult to say
with certainty what role workplace ex-
posure may have played and whether de-
velopment of disease was related to these
exposures. Follow-up of recurrent symp-
toms in someone with the symptoms of
HP is important because a decline in
lung function with continued antigen ex-
posure has been demonstrated for most
forms of HP, and avoidance of contin-
ued antigen exposure is the mainstay of
treatment.

Many fungal genera were also found
growing on the historical artifacts, and
their growth should be stopped as soon
as possible to reduce potential employee
exposures and further damage to the arti-
facts. The growth of A. glaucus section,

a xerophile, is indicative of a chronically
humid, but not saturated, environment
(i.e., a building or materials which re-
main in the range of approximately 50—
70 percent RH) and can result in the de-
struction of the artifacts it contaminates
by decomposing the cellulose.?¥

The measured interior CO, concen-
trations indicated that sufficient outdoor
air was being provided by the HVAC sys-
tem. However, the temperature and RH
were poorly controlled throughout the
annex building (the humidification sys-
tem was not operational during the De-
cember evaluation). Greater than 60 per-
cent RH in a building is considered too
high and will contribute to the growth of
fungisuch as those we identified.®> Fur-
thermore, the variability of the RH mea-
surements suggests relatively poor hu-
midity control, and the condensate that
was visible on the inside of the windows
during the July evaluation indicates the
potential for chronic water damage to the
building structure.
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The increased symptoms reported by
employees with allergies to molds when
in the annex building are consistent with
allergic responses. Syndromes such as si-
nusitis and chronic bronchitis may also
be occurring, and the role of indoor al-
lergens in these conditions is possible
or suspected, but largely undefined.®®
Three of the employees who reported
allergies to molds work in offices or
work areas where there was visible mold
growth or where molds were identified
in the AHUs which supply their offices.
One of the most symptomatic employ-
ees works in an office where there was
visible mold growth on the supply air dif-
fuser and where multiple deficiencies in
the AHU (unit B) were identified. The
symptoms which these employees re-
ported are likely to be associated with
the work environment given their re-
ported allergies to molds and the doc-
umented presence of molds in their im-
mediate work area. When workers have
known allergies to microorganisms like
those identified in the annex building,
ideally, the workers, their treating physi-
cians, and the employer must collaborate
to create a safe work environment by
eliminating or reducing exposures to the
allergens and managing symptoms. If al-
lergic reactions are severe enough and
total amelioration of the allergen is not
possible, the worker should be reason-
ably accommodated in another location
or may need to leave the work area or job
entirely.

Recommendations

Recommendations were made to ad-
dress employees’ health concerns, to re-
duce the contamination of the HVAC sys-
tem and historical artifacts, and to help
control dissemination of the microorgan-
isms into the work environment:

- Employees should know about
the presence of mold in their
work environment so that they
can recognize symptoms of un-
diagnosed allergies, and so that
those with known allergies can,
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in consultation with their physi-
cians, work to minimize symp-
toms. In addition, allemployees
who develop symptoms poten-
tially related to workplace ex-
posures should be evaluated by
an occupational physician.

- Employees should minimize

the potential for exposure by
isolating moldy artifacts from
general work areas. Either as a
concerted effort, or as they are
used by employees or patrons,
all visibly contaminated histor-
ical artifacts should be cleaned
and disinfected by vacuuming
with a cleaner fitted with a
high efficiency particulate air
(HEPA) filter and/or by using a
disinfectant that will not cause
irritation to employees or dam-
age the artifacts. The vacuum-
ing and cleaning should be done
in a contained area, such as un-
der a laboratory hood or in a
sealed room so that microor-
ganisms are not spread through-
out the rest of the annex build-
ing by the HVAC system.

« Because of the potential for

fungal spores to become aero-
solized during handling, use
of a respirator should be con-
sidered when employees work
with visibly moldy artifacts. At
a minimum, NIOSH-approved
N-95 respirators should be
used. These are the type recom-
mended for protection against
the Mycobacterium tuberculo-
sis organism, which is similar
in size to the smallest fun-
gal spores. (Whenever respira-
tors are offered to employees,
a respirator program must be
in place that meets the min-
imum requirements outlined
in the OSHA respiratory pro-
tection standard [29 Code of
Federal Regulations 1910.134
(1992)].%7  Additional infor-
mation on respiratory protec-
tion is available in the NIOSH

Guide to Industrial Respira-
tory Protection.?®) Also, when
working with visibly moldy ar-
tifacts, gloves made of non-
latex or low-protein, powder-
less latex should be worn, hands
should be washed after han-
dling historical artifacts, and
disposable gowns should be
used.

- For the annex building, it was

recommended that the RH be
maintained below 60 percent
at all times of the year and,
to maximize employee com-
fort and reduce microbiologi-
cal contamination, improve the
RH control system so that a
tighter optimal range of RH
can be maintained. Computer-
ized electronic controls for the
HVAC system should be in-
stalled. This should result in
better temperature and rela-
tive humidity control, with in-
creased employee comfort, and
should decrease energy use.

- The remaining recommenda-

tions involved the HVAC sys-
tem included removing and
discarding the contaminated
sound liner in AHUs A and B
and in all the supply air ducts
and disinfecting the AHUs and
ducts with a 10 percent bleach
solution (14.2 ounces of house-
hold chlorine bleach, typically
a 5.2 percent solution, per gal-
lon of water), preferably during
unoccupied hours, to minimize
employee exposure to chlorine
odors. (If insulation is required
to maintain proper operation,
apply it only to the outside
of each AHU or duct.) It was
alsorecommended that they up-
grade the filtration for AHUs A
and B to the highest efficiency
filters practical, given existing
fan static pressure. Until the fil-
tration can be upgraded, they
should repair the gap between
the roll filter and the filter frame
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in AHU B. All visibly con-
taminated supply air diffusers
should also be cleaned and
disinfected. The HVAC sys-
tem should be brought into full
working order. This includes
(at least) repairing or replacing
HVAC components as neces-
sary, calibration of all HVAC
controls, test and balance of
the HVAC system, installation
of a humidity controller for
each humidifier, and cleaning
the HVAC ducts (as determined
by a duct inspection). A preven-
tive maintenance program for
the HVAC system should be
developed and instituted. At a
minimum, this should include
routine inspection and mainte-
nance of HVAC components,
routine calibration of HVAC
system controls, and routine
test and balance of the HVAC
system.

Afterword

Fungal growth, as well as being a po-
tential health hazard, can also be a se-
rious problem for paper collections and
archives. Although typical background
levels of microorganisms generally do
not pose a significant health risk to
healthy adults or cause harm to historical
artifacts, conditions must be maintained
that will prevent the growth of fungal
spores. Library and archival collections
can and should be protected by main-
taining RH conditions below 55 percent,
or, better, below 45 percent, and by pre-
venting water accidents, like roof leaks.
These should be among the highest pri-
orities for any such institution.?®
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Kenneth M. Wallingford, and Kenneth F.
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ies, NIOSH. Karen A. Worthington, formerly
with NIOSH, is currently with the Biologi-
cal Safety Division, Duke University Med-
ical Center. More detailed information on
this investigation is available by contact-
ing Ann Krake, NIOSH, Hazard Evalua-
tion and Technical Assistance Branch, 4676
Columbia Parkway, Cincinnati, Ohio 45226;
telephone: (800) 35-NIOSH.




