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Fungi and the indoor environment.

Fungi can lead to health problens ranging from hay fever to cancer.
It is inportant to know when and how to sanple for these organisns,
as well as howto interpret the results.

Fungi are eukaryotic organisnms and include yeasts, npolds and nil dews,

as well as large nmushroons and puffballs. Fungi can exist as single
cells, such as yeast, but are nmore conmonly found as thread-1ike hyphae.
Hyphae usually branch out extensively ,with the collective mass of

i nterwoven filaments being referred to as nycelium Fungi normally
reproduce by form ng spores which may result fromeither sexual or
asexual processes. The spores can range in size fromless than 2 mcrons
([[mcro]lmeter]) to more than 100 [[micro]meter]. Mst fungal spores

di sperse through the air, although sone are specialized for other
forns of dispersion, such as via water or insects.

Al l ergi c Reactions to Fungi

The health effects noted fromfungi are typically a result of their
spores. Repeated heavy exposures to fungal spores may result in two
different types of allergic reactions, Type | and Type IIl. in Type

I, or "immediate reaction," repeated exposures to the offendi ng agent(s),
over a period ranging frommnths to years, may eventually result

in an overreaction of the inmune system Once the i mune system has

been triggered, even mnute anopunts of the specific allergen can elicit
an allergic reaction. An estimated 8 percent of the adult allergic
patients and 20 to 25 percent of children in the popul ation suffer
Type 1 allergic reactions to fungi, which inplies some type of genetic
predi sposition. Patients with this disposition produce i mmunogl obulin

E (1 gE) antibodies in larger ambunts than "normal" people. The overstinul ated
production of these antibodies then creates a hyperreacti on which

i nduces allergic reactions, such as rhinitis, hay fever or asthm,

within a matter of mnutes after exposure

Type 111, or "Arhus" reactions, are nediated by 1gG and | gM anti bodi es,

not I gE. The resultant i mune conplexes will initiate different inflammtory
responses, which may result in asthma. This condition is typically
associ ated with occupational diseases, including farnmer's |ung and
wood trimer's disease, and is frequently referred to as "hypersensitivity
pneunonitis" or "extrinsic allergic alveolitis." In this case, the
synptons occur approximately 4 to 8 hours after exposure, and include
general mal aise, flu-like synmptons, fever and muscle and joint pains.

Physi cal findings can often include signs of severe oxygen deficit
and abnormal crackling sounds in the lungs, called "rales." Long-term
exposure can lead to fibrosis of the lung tissue.

Fungi and Mycot oxi ns

Several nold species, including Aspergillus, Fusarium Penicillium
and Stachybotrys, can produce a wide variety of nonvolatile chenicals,
commonly referred to as "mycotoxins." Even in | ow concentrations,
these chenical s can cause adverse health effects, including skin
irritation, pathogenic disease, cancer and inmune disorders. Unlike
al l ergens, mycotoxins elicit toxic responses in virtually all individuals
who come in contact with them Aspergillus flavus, a conmon indoor
fungus, produces afl atoxins, notoriously potent aninmal carcinogens.
However, A. flavus is capable of producing other toxins, as well.
Penicillium while unable to produce afl atoxin, nmay produce 100 or
nore different classes of mycotoxins.

St achybotrys, one of the nmore fanmous nycotoxin producers, has been

lof 4 7125/99 3:27 PM



Printable Document-Electric Library Personal Edition http://business.elibrary.com/s/elbe/getd...ydocid=120586@library _i& dtype=0~0& dinst=

inmplicated in a number of health-rel ated cases, including the hospitalization
of 10 infants in Cleveland in the fall of 1994 for pul nonary henorrhagi ng.
Vari ous species of Stachybotrys, as well as Fusarium can produce

mar cocyclic trichothecenes, which have potent adverse effects on the

i mmune system as well as with protein synthesis. Stachybotrys chartarum
produces at |east five different trichothecenes, which are both dernotoxic
and cytotoxic. In one study, an extract of the various Stachybotrys-
produced trichothecenes was given to rats. It resulted in their deaths
within 24 hours. Reported health synptons of exposure to S. chartarum

i nclude signs of cold and flu, sore throat, diarrhea, headaches, chronic
fatigue and dermatitis.

The toxic effects of ingesting nmoldy foodstuffs can include acute
and chronic danage to the liver, kidneys, gastrointestinal tract,
heart, central nervous system and the i mmune system There have been
nunmer ous documented cases of fatalities due to ingestion of funga
cont am nated food

Mycot oxi ns al so can enter the body via inhalation or contact with

the skin. Inhalation of nycotoxins is a nmuch nore potent route of

exposure, conpared with ingestion. In nost cases, the dose required

can be an order of magnitude | ess when inhal ed. Adverse health effects

have been noted in individuals who came in contact with Stachybotrys,
suggesting that the toxins were absorbed through the skin. In one

study, a majority of the workers exposed to airborne dust from straw

on the floor of a room devel oped acute synptons indicative of nycotoxicoses.

Fungi al so produce a wi de range of volatile organic conpounds (VCCs),
consi sting mainly of al cohols, ketones, hydrocarbons and aromatics,
many of which have distinct odors. These VOCs, which are sonetines

referred to as mcrobial VOCs or MWCOCs, are typically what cause the

characteristic nmusty or dank smell which people associate with nmold
growt h. The npst common conpounds include 3-nmethyl-1-butanol, 3-octanol,
3-octanone and 1-octen-3-o0l. Odor thresholds for some MVOCs are very
low, as low as 1 part per trillion (1,5-octadien-3-0l). Studies are
currently being conducted to try to deternmine the intensity of sensory
irritation and potential adverse health effects caused by M/CCs.

Condi ti ons Necessary for Growth

W t hout sufficient ambunts of npisture, a growh substrate and sone

type of organic nutrient base, microbial anplification sinply wll

not occur. Many fungi grow quite well on any cellulose-rich material,
such as wal |l board or ceiling tiles, particularly when there is a

hi gh |l evel of noisture present. However, fungal growth and anplification
can occur virtually anywhere, including carpets and HVAC systens,

as long as the three elenents are present. Ml ds have been observed
growi ng on a variety of unusual substrates, including fiberglass piping,
phot ogr aphi ¢ paper, synthetic rubber and creosote-treated wood. Most

fungi prefer warmtenperatures, although sone can grow at near-freezing

tenperatures, while others can grow at tenperatures as high as 35

to 40 C

Mbi sture can be introduced to the indoor environnent through a variety
of means. Water intrusion through the building envel ope is a commpn
problemin ol der buildings. Lack of building nmaintenance can often
result in roof |eaks and/or water |eaking through the outer walls.
Nunmer ous cases of poor or msguided construction in the hum d South
has resulted in vapor barriers being installed on the wong side of
the exterior wall. This, in turn, results in condensation occurring

on the interior walls, which are typically constructed of cellul ose-
rich wall board. Bathroons, which by nature are humid environments,
frequently are not properly vented, resulting in noisture accumnul ating
on the walls.
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Too often, danmage caused by water is discounted or treated lightly

until mcrobial growh and its associ ated odors have become a problem

M crobial anmplification can occur within a relatively short period

of time after water infiltration. Fungi may start to grow and produce
new spores within 24 hours, if sufficient air is also present. These

m crocol onies are not visible to the naked eye; however, if humd

condi tions continue, fungal growth on indoor surfaces nay becone rapidly
vi sible. Once fungal growth and anplification have begun, it is often
difficult to eradicate the problemw thout having to conpletely abate
the infected material s.

I nspecting and Sanpling for Fung

When perform ng an investigation, the inspector should not arbitrarily
take air sanples for fungi. Results fromair sanples can be confounding
and may inaccurately represent conditions within the indoor environment.
Fungal spore levels often fluctuate w dely over the course of a day,
and a single air sanple reflects only a nonentary situation. In addition,
the origin of the spores often remai ns unknown. Certain fungi, such
as Stachybotrys, have sticky spores and are very rarely airborne.
In these cases, air sanmpling methods will be prone to fal se negative
results and should not be used to rule out contanination.

Surface sanpling of building materials often provides nore reliable

i nformati on about contanination, since other sources of fungal spores

do not confuse the results. Swab, tape or bul k sanples can be coll ected
wherever there is visible growth to determine the actual species present.
When taking bul k sanpl es of water-danaged wall board, always take

a core sanmple, since fungi are often found growing on both the front

and back sides. A boroscopic exam nation of the back side can be inval uable
when trying to verify the presence or absence of visible growth and

to assist in determ ning sanpling |ocations.

Bot h variabl e and nonvi abl e fungal particles are inportant in relation
to health effects. Therefore, when perform ng air sanpling, collect
both types of particles. A variety of techniques have been devel oped
for volunmetric sanpling of fungi in the environnent. Viable sanpling
is usually performed using an Andersen or sinilar inpaction sanpler
which pulls air across an agar plate at a flowrate of 28.3 1/nmin.
Smal | particles are deposited upon this plate,which is subsequently

i ncubated and the resultant colonies identified and enunerated. Counts
are then converted to the nunber of colony-formng units (CFU) per
cubic meter of air sanpled. There are a variety of different types

of agar which can be used, depending upon the type of fungi being
sanpl ed. No one agar is ideal for all types of fungi, although malt
extract agar (MEA) is a good general purpose agar for screening. Wen
sanpling specifically for Stachybotrys, cornmeal agar (CMA) or Czapek
cel lul ose agar (CCA) are nore suitable.

Nonvi abl e particles are typically collected using a spore trap sanpler,
such as the Burkhard or a slit inpaction device, such as the AR-

O CELL Bi oaerosol Cassette. Air is pulled through the sanpler and
particles deposited on a grease-coated glass slide. The sanples are

then microscopically exanined and the total number of spores per cubic
neter determined. Tentative identification of nmany types of spores

can al so be nade, though typically only the genus (i.e., Penicillium
can be ascertained. Sanpling can al so be acconplished by using nmenbrane

filters, which can then be cleared and stained with biological dyes.

When perfornming any type of air sanpling, sanples nmust al so be collected
outside the building in order to determ ne background | evels of both
total spore counts and specific species present. Qutdoor sanples should
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be taken in proximty to the building's fresh air intakes. It is good
practice to take at | east one sanple in a "nonconpliant" area of the
same building to deternmine if an unusual exposure situation exists
in the subject area in conparison with a synptomfree environnent.

Interpretation of Results

There are no "official" standards or guidelines for fungal or bacteria

bi oaerosols. Some researchers have expressed the opinion that 100-
250 CFU/ [ m sup. 3] are acceptable, provided no opportunistic fung
are identified. The sane range is also used by the U S. Public Health
Servi ce, Federal Enployee Occupational Service Region Ill. A range
of concentrations proposed by the World Health Organi zati on and Heal th
Canada suggests that microbial concentrations bel ow 50 CFU/ [ m sup. 3]
for a single species (other than common outdoor fungi), 150 CFU/ [ m sup. 3]
for a mixture of species reflective of the outdoor air spores, or
500 CFU/ [ m sup. 3] during the sunmer for common outdoor fungi (such
as Cl adosporiun) are acceptable. There are other ranges (called background
nunbers or gui delines) used by organizati ons such as the Anerican
Conference of Governnental |ndustrial Hygienists (ACG H) and OSHA,

but for the nost part, these nunbers are arbitrary.

Since there are no generally accepted guidelines to follow regarding

ai rborne fungi, indoor results nmust be interpreted with respect to

the control samples. In general, mechanically ventil ated buil di ngs

shoul d have i ndoor fungal counts that are |lower than those found outside.
In addition, the species found inside should be simlar to those identified

outsi de the building. A situation can be considered unusual when funga
levels in the conplaint area are an order of magnitude or greater

than those found in the control areas. The presence of any slinmy-spored

t oxi genic fungi, such as Stachybotrys chartarum and Fusarium moniliforne,
shoul d be consi dered unusual, and may suggest an indoor contam nation

source. The consistent detection of sone fungi, such as Aspergillus,
Paeci | omyces, or various species of Penicillium could indicate water

damage and subsequent fungal anplification.

Bul k and wi pe sanple results can give a strong indication as to whether
or not a material is contam nated. Contaminated sanples will often
result in a pure culture or a mixture of no nore than two to three
types of fungi. A high fungal |evel which is doninated by one or two
fungi is indicative of fungal anplification. Materials which are found
to be contami nated should then be either renmoved or decontam nated
with some form of fungicide.

John Springston, CIH, CSP, is the director of I|ndoor Environmental
Quality Services for Anbient Labs, Inc. and a past president of the
Met ropolitan New York Al HA Local Section. Ambient Labs, a consulting
firmbased in New York City, performs investigative and proactive
|AQ testing in over 55 million square feet of building space every
year.
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