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Assessment of Fungal Growth on Sodium
Polyborate-Treated Cellulose Insulation
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Cellulose insulation has rapidly gained a large market share
among general contractors and homeowners. Recent inter-
est regarding health effects of high concentrations of fungi
within indoor environments (building-related illnesses or sick
building syndrome) has promoted concern about susceptibility
of building materials, including wood products (in general)
and cellulose insulation (specifically), to fungal attack. This
study reports an assessment of fungal growth on cellulose
insulation made from recycled paper and treated with varying
concentrations of sodium polyborate within half-scale wall
units exposed to variable and high ambient temperatures and
relative humidities throughout the summer. Boron-treated and
untreated (control) cellulose insulation within the wall units
were challenged with a suspension containing high concen-
trations of spores of five fungal species commonly found in
indoor environments. Our results suggest that cellulose insu-
lation treated with sodium polyborate (a) precludes the growth
of the five common fungal species; (b) harbors fewer fungal
species before and after being challenged with the fungal spore
suspension; and (c) is likely having a cytotoxic or sporocidal
effect on many, if not all, fungal species. These results suggest
that cellulose insulation treated with sodium polyborate, when
properly applied and installed, precludes fungal growth for at
least 124 days at high temperatures and relative humidities.

Keywords boron, cellulose insulation, fungi, indoor air quality,

mold, sick building syndrome

Address correspondence to: José Herrera, Division of Science,
Office MG 3034, Truman State University, Kirksville, MO 63501;
e-mail: jherrera@truman.edu.

ellulose insulation made from recycled paper prod-

ucts and treated with boron compounds has been

used for several decades and has provided the home

construction industry an environmentally friendly
alternative to retard fire and to insulate with high R-values and
low thermal conductance, while providing high sound proofing
at moderate cost.!:?

Recent concerns about building-related illnesses and symp-
toms, including those mediated by fungi, have led to increased
interest regarding the susceptibility of construction materials to
fungal growth.® In some instances, published reports that cel-
lulose insulation materials are particularly susceptible to fungal
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attack (e.g., Hyvarinen et al.)» have been generalized by the
public and occupational health workers to mean that treated
cellulose insulation also is susceptible to attack by fungi. The
confusion about what types of cellulose insulation materials are
susceptible to fungal attack comes at a time when the public and
the construction industry are particularly sensitive to negative
information about fungal growth on construction materials (in
general) and cellulose insulation (specifically).

I was approached by a consortium of cellulose insulation
manufacturers and borate supplier and asked to assess the
ability of four different formulations of boron-treated cellulose
insulation to prevent or retard fungal growth in a realistic set-
ting using half-scale mock wall units that were prepared based
on industry standards and insulated with cellulose insulation
impregnated with different concentrations of sodium polybo-
rate (Boron 10; CAS #183290-63-3), one of the most common
borates used in the preparation of boron-treated cellulose in-
sulation. To date, and to our knowledge, the efficacy of boron-
treated cellulose insulation to retard or prevent fungal growth
has rarely been empirically tested (but see Amburgey).”

We hypothesized that the cellulose insulation treated with
different formulations of sodium polyborate would contain
fewer viable fungal spores and less actively growing fungal
mycelia than an untreated control assessed in a similar
fashion.

MATERIALS AND METHODS

Products to Be Tested

Five cellulose insulation-based insulation formulations were
tested: four prepared with different concentrations of sodium
polyborate (1) Fiber-lite, Fiberlite Technologies, Inc., Joplin,
Mo.; (2) Wallseal, Nu-Wool Inc., Jenison, Mich.; (3) Ther-
molok, Hamilton Mfg. Inc., Twin Falls, Idaho; and (4) Pest
Control Insulation, InCide Technologies, Inc., Phoenix, Ariz.;
and a control that had not been chemically treated. During
2002, manufacturing facilities at InCide Technologies ran-
domly selected 5-kg batches of insulation from each of the four
manufacturing facilities (plus one untreated control). These
batches were shipped to InCide, where the bags were opened to
select random subsamples for independent fungal assessment
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(Fiberquant Analytical Services, Phoenix, Ariz.). Subsamples
of each of the five batches also were shipped to U.S. Borax
Corp. (Valencia, Calif.) to determine percentage boron and
sodium (by weight).

Assessment by Fiberquant involved filling standard sterile
petri dishes with autoclaved (sterilized) subsamples of borate-
treated insulation. Subsamples of two formulations (Nu-Wool
and InCide) were soaked and mixed separately with 780 uL
of sterile distilled water/g of insulation. However, instead of
using untreated cellulose insulation as a control, Fiberquant
used a sterilized (autoclaved) wood tongue depressor mounted
on a piece of clay and enclosed in a standard petri dish con-
taining and just above 3 mL of sterile distilled water. A total of
10 nL of a suspension containing Alternaria alternata spores
was deposited on the center of all subsamples, including the
tongue depressor. Spore suspensions from four additional fun-
gal species (Aspergillus flavus, Aspergillus niger, Stachybotrys
chartarum, or Cladosporium sphaerospermum) were used sep-
arately to challenge four additional replicate sets of 3 plates (for
atotal of 15 plates). All plates were parafilmed and incubated at
30°Cfor 28 days. After incubation, each plate was removed and
observed under a dissecting microscope using 30x magnifica-
tion. Any emerging colonies were measured and the identity
of the fungus confirmed using 1000x light microscope. The
experiment was repreated three times during 2003.

After the subsamples were shipped to Fiberquant and U.S.
Borax, the bags were resealed and forwarded to FiberLite.
These five formulations were independently spray-applied into
five separate half-scale wall units per industry specifications
(Figure 1).© The formulation containing the lowest concen-
tration of sodium polyborate was spray-applied first and the
one containing the highest concentration was applied last (se-
quence: control, Nu-Wool, Fiberlite, Hamilton and InCide).

Construction of Wall Units
Construction materials and construction personnel were
supplied by Fiberlite Technologies, Inc., and the construc-

FIGURE 1. The nearly completed wall units set up at Truman
State University’s Agricultural Science Laboratory building. Cellu-
lose insulation was wet spray applied in all three panels (inset)
but only the two right-most panels were challenged with a fungal
suspension containing five species of microfungi.
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tion of the wall units followed, as much as possible, industry
standards. A total of five wall units (1.22 m x 1.22 m) were
partially constructed in Joplin, Mo., and shipped to Truman
State University (Kirksville, Mo.), completed, and set up on a
concrete slab in the northwest corner of the new outdoor Agri-
cultural Science Laboratory (ASL) building at the University
Farm (Adair County, Mo.) on May 25, 2004. The portion of the
ASL where the experiment took place was roofed and walled
on only three sides, thus protecting the wall units from rain
and sun but exposing them to ambient temperature and relative
humidity throughout the study period.

Each wall unit consisted of 1.3 cm thick oriented strand
board (OSB) framed with standard 2” x 4” pine boards into
three 40.6-cm sections (Figure 1). Prior to the addition of
the cellulose insulation, a small (1 cm diameter) hole was
drilled in the center portion of the middle panel of the OSB
of each of the wall units to allow access for a temperature and
relative humidity (RH) probe during the study. While not in
use, this access hole was covered with a taped cork. Cellulose
insulation was spray-applied with tap water in all three panels
per manufacturer’s protocol® to an average depth of about
7.6 cm at an average density of 48 kg/m?®. The leftmost section
was sealed in plastic vapor block and left untreated to conduct
additional long-term studies.

The sprayed cellulose insulation was allowed to dry and cure
in all units for approximately 24 hours before they were sealed
with 1.3-cm, industry-grade gypsum boards and secured with
four C-clamps placed at the corners of each wall unit. On May
31, 2004, temperature (T) and relative humidity (RH) were
measured within all wall units (through the drilled hole) and 1
m above the floor outside the wall units (ambient). The gypsum
board covering the rightmost two sections was removed, and
eight moisture readings (Delmhorst BD-10 moisture meter,
Towaco, N.J.) were taken on the rightmost two panels (four
readings on each panel). Then, before the wall units were chal-
lenged with a fungal spore suspension, we collected “prechal-
lenge” (pretest) samples of cellulose insulation from each wall
unit.

Collection of Samples

A grid (made of 10 cm x 10 cm quadrants) marked on
the margins of the wall units was used to randomly select
six quadrants within the two rightmost panels of each unit.
Random coordinates consisted of two numbers selected by a
computer-based random number generator (STATISTICA 5.5;
StatSoft, Inc., 1999). The same random coordinates (locations)
on each grid were used for sampling all wall units. The coordi-
nates were re-randomized for each of the seven sampling bouts
(sampling dates).

During each sampling bout, ambient T and RH (1 m above
floor) and T and RH readings within each unit were taken
through the drilled hole in the OSB. Then, the clamps and
attending gypsum board were removed to measure moisture
(eight readings per wall) and collect insulation samples before
the gypsum board and clamps were replaced. Assessment of
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moisture and sampling of the cellulose insulation on each unit
generally took less than 5 min.

Collection of insulation samples consisted of taking ap-
proximately 0.25 g of insulation material from each of the six
randomly selected quadrants with sterile forceps; placing the
material into separate, sterile, resealable plastic bags; putting
the bags in an iced cooler; transporting them back to Truman
State University; and processing the samples within 6 hours.

Fungal Challenge

On May 31, 2004, after the pretest samples were collected,
the cellulose insulation in the two rightmost panels of all wall
units was challenged with 100 mL of an atomized (aerosol size
approximately 10 L) spore suspension consisting of about
3000 spores/mL of sterilized distilled water amended with the
surfactant, Triton X (approximately 3 x 10° fungal spores in
a 1% Triton X solution). The following fungal species and
approximate spore concentrations (in spores/ml) were used:
Alternaria alternata (39 or 1.3% of the total number of spores),
Aspergillus niger (714 or 23.8%), Cladosporium cladospori-
oides (330 or 11%), Penicillium chrysogenum (1737 or 57.9%)
and Stachybotrys chartarum (72 or 2.4%). All fungal species
used in this study were cultured out from the Truman State
University mold herbarium.

The identity of the fungal species and the proportion of
spores used in this study are modeled after the mean num-
ber of airborne mold spores isolated from indoor airspora
in apartments from 1998-2002." Spore stock solutions of
individual fungal species were prepared separately and mixed
together to make a mixed-species solution that was vortexed
and immediately atomized directly onto the surface of the
insulation on the two rightmost panels of each wall unit, giving
a total spore concentration of 30.27 spores/cm? of cellulose
insulation (for comparison, there are usually less than 0.3
spores/cm? in most indoor environments).”

The spore suspension in each wall was allowed to dry for
1 hour before baseline samples were taken (Day 1 of study;
sampling protocol described above). Then, each wall unit was
resealed with the gypsum board and secured at the margins
with the C-clamps. In total, cellulose insulation samples were
collected from each of the five wall units on seven occasions:
May 31 (pretest), May 31 (Day 1 of study), June 16 (Day
17), June 30 (Day 31), July 30 (Day 61), August 14 (Day
76), and October 2 (Day 124). Sampling was conducted when
differences in T and RH between ambient and internal readings
within wall units were at their minimum (usually around 11:00
a.m.). In total, we collected 210 samples throughout the study
(six samples/formulation/sampling date xfive formulations x
seven sampling dates).

Processing of Samples
Washings

To obtain a more accurate understanding of both the di-
versity and frequency of fungal species inhabiting the insula-
tion samples, a variation of the washing scheme described by
Warcup® was used. This procedure involves washing away ex-
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traneous fungal spores and other propagules from the samples
and isolating microfungi from cellulose insulation fragments
in which those fungi are actively growing.

This process is labor intensive but reduces the possibility
of overestimating the number of microfungi that specialize
in investing most of their energy in producing many or long-
lived spores.®> Washing also would increase species richness
estimates by increasing the probability of culturing out poten-
tially important nonsporulating or slowly sporulating species
actively growing in the insulation. About 0.05 g of each sample
was placed separately into a sterile wire mesh cup and washed
with a stream of pressurized distilled water and approximately
20 mL of sterile 1% Triton X solution (a detergent designed
to wash out extraneous spores) for 5 min. Preliminary experi-
ments revealed that this technique was effective at washing out
almost all the extraneous spores while leaving actively growing
fungi within cellulose insulation fibers.

Microfungal Assay

After washing the samples, small (approximately 0.5 mm x
0.5 mm) particles of insulation material were selected using
watchman’s forceps and imbedded into petri dishes filled with
malt extract agar (MEA) containing antibiotics (0.4 g of strep-
tomycin sulfate and 0.2 g of chlortetracycline/L of media) and
MEA amended with 8 g of powdered cellulose/L. of media
(MEA-C; 5 sections/plate). A total of 10 pieces of insulation
(5 on each of two plates containing MEA and MEA-C) was
assessed per sample. All told, 2100 pieces of insulation were
assessed for active fungal growth: 10 pieces/sample/sampling
date x six samples/wall (formulation) x five walls x seven
sampling dates; constituting a total of 480 plates. Plates con-
taining embedded pieces of insulation material were incubated
at 30°C and observed daily for fungal growth for a total of
10 days. I then isolated, identified, and enumerated any mi-
crobe arising from the plates using standard, morphological
taxonomic techniques.

Microscopic Assessment

To determine if there were any nonculturable microbial
growth on the insulation samples, we assessed a total of 420
pieces of cellulose insulation microscopically (two pieces/
sample/sampling date x six samples x five walls (formula-
tions) x seven sampling dates). Individual slides containing a
drop of lactophenol acid fuchsin, covered with a coverslip were
assessed for the presence of microbial cells or mycelia using
an epifluorescence, phase-contrast microscope at 100—1000x
magnification. Presence of bacteria and fungi were confirmed
with a high-resolution digital imaging system (CIAS; CID
Imaging, Inc., Camas, Wash.).

Statistical Analyses

Overall fungal growth rates for each of the five formulations
were arc-sine transformed and compared with each other using
an analysis of variance (ANOVA) with formulation as the in-
dependent variable, transformed growth rate as the dependent
variable, and sampling date as the covariate (Ho: growth rate
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for boron-treated samples = growth rate for control samples).
When necessary, a Tukey’s Honest Significance Difference
(HSD) multiple comparison test was used to determine dif-
ferences among the formulations.!?

RESULTS

lemental analyses of the cellulose insulation samples re-

vealed that the highest concentration of boron existed in
the Hamilton samples (2.45%), followed by Nu-Wool (2.35%),
Fiberlite (2.18%), InCide (1.69%), and the untreated control
(<0.01). Sodium levels also were highest in Hamilton (2.34%)
but were followed by Fiberlite (2.11%), InCide (1.14%), Nu-
Wool (0.17%), and control (0.05%). Neither percentage of
boron nor sodium in the formulations appeared to be obviously
related to fungal growth rates on the cellulose insulation.

Independent assessment of fungal growth on the cellulose
insulation or wooden tongue depressors by Fiberquant indi-
cated that none of the 30 boron-treated subsamples (five fungal
species x two formulations x three replicate runs) exhibited
fungal colonies. Conversely, all but 5 of the 15 (five fungal
species x three replicate runs) tongue depressors (control)
showed growth of fungal colonies with which they were chal-
lenged. Only those tongue depressors challenged with
Alternaria alternata spores did not exhibit growth on the wood
on any of the three replicate runs.

Cellulose insulation within the control wall unit (untreated)
was yellowish after the 17th day of the study (June 16) and
remained discolored through the rest of the study. No other
obvious visual differences existed among the five different
formulations.

Cellulose insulation particles embedded on MEA and MEA -
C plates during the first three sampling bouts did not exhibit
any obvious differences with respect to number of fungi or
composition of the fungal community. Consequently, to sim-
plify the comparisons and to increase our sampling size, we
opted to pool data obtained from MEA and MEAC plates.

Moisture Measurements

Moisture readings and RH within the walls significantly
decreased over time (univariate regression analysis, F =214.4,
df = 278, p < 0.0001; F = 153.6, df = 33, p < 0.0001,
respectively; Figure 2).

Fungal Measurements

A total of 1959 cellulose insulation particles were assessed
for fungal growth. Of those, 258 (or 13.2%) harbored fungi;
most of these (197 or 76%) were isolated from untreated (con-
trol) cellulose insulation. Nu-Wool had 21/258 (8.1%), Fiber-
lite had 20/258 (7.8%); Hamilton had 11/258 (4.3%), and
InCide had 9/258 (3.5%). Almost all the boron-treated samples
harboring fungi, however, were observed during the first sam-
ple less than 12 hours after the insulation had been challenged
with fungal spores (Day 1; Figure 3).

Although the fungal challenge increased the percentage
growth rate of both control and boron-treated insulation, it was
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FIGURE 2. Mean (+ SE) moisture (A, measured with a
Delmhorst moisture meter) and relative humidity (B, measured with
a hygrometer) readings measured within the five wall units. A total
of 40 moisture measurements (five wall units x eight replicates,
four measurements on each of the two rightmost panels) were used
to calculate the mean moisture in the wall units for each sampling
date. Similarly, five relative humidity measurements (one for every
wall unit) were used to calculate the mean relative humidity for each
sampling date. Note that the small SEs suggest little variation in
moisture and relative humidity among wall units within sampling
date. Each individual triangles represents a single ambient RH
measurement one meter above the floor next to the wall units
during each of the seven sampling dates.

apparent that the untreated samples (control) had significantly
higher growth rates during the pretest (Day 0) than the boron-
treated samples (Figure 3). Furthermore, control samples were
more likely to harbor more than one fungal species. Of the
258 cellulose insulation particles that were exhibiting fungal
growth, 36 of them had more than one fungal species. All 36
of these particles originated from control wall units.

In addition, although we sprayed the insulation in our units
with only five fungal species, we recovered a total of 23 species
of microfungi, almost all of them from the control wall (21 of 23
species found on untreated cellulose insulation). Boron-treated
samples contained an average of only 4.0 species (N =4; SE =
0.71), but of those four species, an average of 2.5 species (or
63%) were one of the five original (core) species sprayed on the
cellulose insulation. Conversely, only 4 of the 21 species found
in control particles (19%) were core species. The remaining
17 species accounted for 44% (98/224) of the instances of
fungal growth on control particles. The appearance of most
of these “non-core” species growing on the particles ocurred
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FIGURE 3. Percentage fungal growth on the five formulations of cellulose insulation tested throughout 2004; four of the products were treated
with sodium polyborate and one was left untreated (control).

after Day 15 of the study (88.8% or 87/98). Only one of these
non-core species (Fusarium semitectum complex) was isolated
from one cellulose insulation particle on Day 0, and three
non-core species (Epicoccum nigrum, Chaetomium globosum,
and Geotrichum sp.) isolated from a total of 10 particles on
Day 1.

Because there were so few instances of fungal growth on
the boron-treated cellulose insulation, we opted to pool all
dates of the study and test differences in growth rates among
the formulations with a more conservative one-way ANOVA.
The ANOVA and a subsequent post hoc Tukey’s HSD test

revealed that untreated cellulose insulation (control) samples
were much more likely to harbor fungi (ANOVA F = 33.80,
df =4, p < 0.0001), and that all boron-treated groups differed
from the control group (p = 0.00013) but not from each other
(p > 0.90).

Although there were too few instances of fungal growth on
which to examine the dynamics of the growth process on boron-
treated samples, the control samples show a strong relationship
between growth rate, moisture content, and RH (Figure 4). That
is, as relative humidity and moisture content decreased, growth
rate also decreases.

Fungal growth rate, relative humidity and moisture
content of untreated cellulose insulation
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FIGURE 4. Comparison of mean (+ SE) moisture content (diamonds; measured with a Delmhost moisture meter; n = eight measurements
per sampling date), relative humidity (squares; measured with a hygrometer; one measurement per sampling date) and percentage fungal
growth (circles) measured on untreated (control) cellulose insulation during 2004.
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Microscopic Assessment

The microscopic work suggested that a large number of
microbes exist as commensals on all cellulose insulation for-
mulations studied. Almost all (141/210 or 67%) cellulose insu-
lation samples contained viable microbes. Although we were
unable to determine conclusively the identity of the viable cells,
post hoc analyses with two general types of standard media
(tryptic soy and nutrient agar) suggested that these organ-
isms are primarily Gram positive bacteria or inactive microbial
propagules that normally inhabit many types of insulation,
including fiberglass.'""!? Many of these cells in our study
appear to be unculturable on standard media, since only a small
number of particles yielded colonies within 7 days on standard
media (tryptic soy and nutrient agar). The presence of actively
growing mycelia discernable under the microscope was rare:
only 5 of the 420 samples assessed (1.2%) were observed to
contain actively growing mycelia. All of these observations of
mycelia were made from control samples, spread sporadically
throughout the sampling dates (2 on Day 17; 1 each on Day 0,
31, and 61 of the study).

DISCUSSION AND CONCLUSIONS

ur results clearly indicate that cellulose insulation made

from recycled paper and treated with sodium polyborate
(CAS #183290-63-3) is unlikely to exhibit fungal growth even
when challenged with artificially high concentrations of viable
fungal spores. In addition, although the growth rate was statis-
tically higher in the untreated wall unit and we observed some
yellowing of the cellulose insulation, we saw no additional
obvious visual evidence of fungal growth on the untreated
cellulose insulation through Day 124 (last day of study) of
sampling. These observations were bolstered by a concurrent
(and unpublished) experiment in the laboratory that placed
small samples of untreated and boron-treated cellulose insu-
lation in partitioned petri dishes with one section of the dish
filled with distilled water (at 100% RH). These samples did
not show any obvious visual evidence of fungal growth even
after 150 days.

Although there were few apparent visual differences among
the cellulose insulation samples sprayed into the wall units,
several microbiological differences existed at the start and
continued throughout our study:

m Our assessment revealed that untreated cellulose insula-
tion contained about 9-10 times more viable fungi than the
boron-treated samples prior to being challenged with our
fungal spore suspension (Figure 3). Itis likely that the fungal
inhibiting properties of the treated cellulose insulation were
functioning even before our study began.

m Control samples contained a disproportionate amount of
“non-core” fungal species. These species occurred rarely
during Days 0 and 1 of the study and were isolated more
frequently toward the end of the study. This suggests that
(a) non-core species of microfungi likely were introduced
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and grew after the start of our study (Day 1), and (b) because
almost all fungi isolated during the pretest (Day 0) were
members of the core group of five fungal species sprayed
on Day 1, we propose that the five core species used in this
study accurately model the fungal community that can grow
on cellulose insulation.

m Control samples contained more fungal species per sam-
ple. That is, cellulose insulation particles were observed to
harbor multiple species of fungi on 36 occasions; all were
collected from control samples.

m Although, the percentage of fungal growth jumped in both
control and treated samples after being challenged with our
spore suspension, this increase was transient in the treated
samples and remained high (and even increased for the first
30 days) in the control samples.

These differences suggest that although there were no appar-
ent differences obvious to the naked eye with respect to fungal
growth between the control and treated cellulose insulation,
sodium polyborate appears to have a cytotoxic effect on fungal
mycelia and/or has an inhibiting or sporocidal effect on asexual
fungal spores (conidia).

Assessment of cellulose insulation samples also showed that
as the summer progressed, both moisture and RH readings
within all wall units decreased (Figure 2), and this decrease
correlated well with a concomitant decrease in the percentage
of untreated cellulose insulation particles exhibiting fungal
growth (Figure 4) but not ambient RH measurements (Figure
2b). This suggests that water availability has a strong influence
on the likelihood that spores and/or mycelia will remain viable
and actively grow on the cellulose insulation. Since we did not
see any significant fungal growth in the treated cellulose insu-
lation after Day 1 of the study, we can only draw conclusions
about untreated cellulose insulation.

Data from direct observations of the treated and untreated
cellulose insulation on slides imply that most fungal growth
observed on our slides was likely caused by viable and slow
growing or dormant fungal spores. This is not surprising since
cellulose insulation provides a recalcitrant substrate that is
consumed only by a subset of specialized microbial species.
Many fungal species observed on our plate samples are likely
feeding (and slowly growing) on small amounts of organics
trapped within the cellulose insulation (see Ref. 12 for a similar
finding with fiberglass). Furthermore, we suspect that since
the control cellulose insulation was not treated with sodium
polyborate, these fungal propagules were able to remain viable
until water activity dropped below some critical value. Had the
water activity (indirectly measured by RH and moisture con-
tent) remained high, we suspect we would have observed high
growth rates (as measured by the plate samples) in our controls.
The fact that growth rates decreased in control samples, and
the lack of obvious visual fungal growth on the control wall
units, confirms that cellulose insulation is a difficult substrate
to breakdown and consequently requires high water activities
and specialized fungal species adapted to break down and grow
on this substrate.
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Nevertheless, although our study was not designed to ad-
dress this, we admit that had the water activities remained high
for a longer time, we may have seen more actively growing
mycelia on our slides or visible signs of fungal growth on
our samples. Moreover, our study would have benefited from:
(a) additional and contemporaneous laboratory studies that
addressed the degree to which microfungal populations grow
on boron-treated or untreated (but sterilized) cellulose insula-
tion in a standardized laboratory growth chamber environment;
(b) the addition of more replicate wall units, which would have
increased the likelihood to observe within-treatment variation;
(c) more frequent or more accurate readings of water activ-
ity within the cellulose insulation, which may have given a
more accurate or better insight about the fungal community
dynamics and the threshold values for fungal growth on the
different cellulose insulation formulations; and (d) although
most fungi associated with indoor environments grow well in
MEA at 30°C,'¥ it is possible that our estimates of fungal
diversity may have changed had we grown our samples at
different temperatures or in different media.

Because it is likely that sodium polyborate does inhibit the
growth or kills fungal cells, the exact biochemical mechanism
remains unknown. Based on this study and other post hoc stud-
ies carried out in our laboratory, it appears that sodium polyb-
orate may prevent the growth of mycelia, the actively growing
and cellulose insulation-decomposing portion of the fungal
life cycle. More studies on the nature of the effect of boron
compounds on fungal growth should yield additional informa-
tion on the mechanism(s) that protect boron-treated cellulose
insulation (in particular) and wood products (in general).(!*)

Finally, although small differences in fungal growth rates
existed among the four formulations containing sodium polyb-
orate, the post hoc Tukey’s test suggested that these differences
were not significantly different, and that differences in boron
concentrations present in the four treatment formulations may
not statistically change the likelihood of fungal growth.

In conclusion, our results suggest that at least over the span
of more than 124 days and at high ambient relative humidities
and temperatures (in the Midwest), cellulose insulation treated
with sodium polyborate restricts the growth of five common
species of indoor molds. Based on the diversity of different
fungal species introduced on control samples after the study
started, it is also likely to inhibit growth of most (if not all)
species of mold. Studies have confirmed this finding on wood
or wood products using sodium polyborate and other boron
compounds.!+15)
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