DURABAN SURFACE TREATMENT SUMMARY

LUMBER

RESEARCH & DEVELOPMENT

Accelerated Mold/Mildew Growth Test on 2x4 Lumber

TEST #: DB0300
SUBJECT SURFACE: Lumber (Southern Yellow Pine)
MICROBIOLOGY TEST PROTOCOL: ASTM 3273

TEST METHOD & TREATMENT LEVELS

Test Method: DURABAN-treated and un-treated wood samples were hung in a
humidity and temperature-controlled weathering chamber for 4 weeks. Chamber
conditions were optimized for mold/mildew growth according to the ASTM 3273
test protocol.

Sample Treatment: DURABAN'’s proprietary bonding-technology bonds to each
surface differently. By developing a testing protocol that treats samples at various
rates of concentration, DURABAN R&D is able to ensure that the optimum
antimicrobial efficacy and surface-bonding ability is identified for each surface.

To test the antimicrobial efficacy of treated wood samples, DURABAN was applied
at the following concentration rates.

Sample DURABAN Concentration Rates:
T1) 20% concentration rate
T2) 15% concentration rate
T3) 10% concentration rate

C) Control - untreated

Sample Preparation: Samples were treated via dip bath for 2 minutes, followed
by an oven dry at 125 degrees F. Three samples were treated at each treatment
level.



Results & Summary: The samples were checked at one-week intervals to
determine fungal growth and rated following the standard ASTM grading scale (see
below). After 4 weeks, Treatment Level 1 (20% concentration) exhibited a mean
fungal growth rating of 10. Treatment Level 2 (15% concentration) exhibited a
mean fungal growth rating of 9.83. Treatment Level 3 (10% concentration)
exhibited a mean fungal growth rating of 8.83 and the Untreated Control exhibited
a mean fungal growth rating of 7.83.

ASTM D3273 GRADING SCALE

RATING | DEFINITION

10 No growth

9 90% clear (10% or less of surface covered with growth)

8 80% clear (20% of surface covered with growth)

7 70% clear (30% of surface covered with growth)

6 60% clear (40% of surface covered with growth)

5 50% clear (50% of surface covered with growth)

4 40% clear (60% of surface covered with growth)

3 30% clear (70% of surface covered with growth)

2 20% clear (80% of surface covered with growth)

1 10% clear (90% of surface covered with growth)

0 0% clear (100% of surface covered with growth)

WEEK 1 WEEK 2 WEEK 3 WEEK 4
SAMPLE (5/18/07) (5/25/07) (6/1/07) (6/8/07)
Side 1/Side 2 Side 1/Side 2 Side 1/Side 2 Side 1/Side 2

T1i-A 10/10 10/10 10/10 10/10
T1i-B 10/10 10/10 10/10 10/10
T1-C 10/10 10/10 10/10 10/10
T2-A 10/10 10/10 10/10 10/10
T2-B 10/10 10/10 10/9 10/9
T2-C 10/10 10/10 10/10 10/10
T3-A 10/10 10/9 10/7 10/6
T3-B 10/10 10/9 10/9 10/9
T3-C 10/10 10/9 10/9 10/8
C-1 10/10 10/9 10/8 9/7
C-2 10/10 10/10 9/8 8/7
C-3 10/9 9/9 9/8 8/8

GRAPHIC RESULTS




Mean percentage of fungal growth results are represented by the graph below:

(buraean] Mold/Mildew Growth on Lumber (ASTM D3273)
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A oderate amount of fungal growth was found on sample T3-A after 4 weeks of
incubation in the D3273 chamber.



When light is directed across the surface of the sample, bits of fungal hyphae pick
up the light and can be more easily seen. This is a side-lighted view of sample T3-
A.



Bromophenol Blue (BPB) stain testing provides an easy and reliable check to see
whether a DURABAN-treated surface has achieved sufficient coverage. When
applied to a treated surface, BPB reacts with DURABAN's active ingredient to shift
from its original purple color to a blue stain. The process occurs in minutes,
ensuring real-time quality assurance during application. Above is a photo of the
DURABAN-treated wood samples.




ASTM STANDARD TEST PROTOCOL
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ﬂ Designation: D 3273 - 00

ST

Standard Test Method for

Resistance to Growth of Mold on the Surface of Interior
Coatings in an Environmental Chamber’
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.1 This test method describes o small environmental cham-
ber and the conditions of eperation 1o evaluabe reproducibly in
a d-week perind the relative resistance of paint films 1o surface
mold fungi, mildew growth in a severe inenion environmens,
The apparatus is designed so it can be easily buill o oblained?
by amy interested party and will duplicale results obdained in a
large iropical chamber,

1.2 This et meehod can be used 1o evaluate the compara-
iwe medsstance of inlerior coating 0 acoelerated mildew
growth. Performance af a certain rating (in accordance with
Tewt Method D 3274) does not imply any specific persod of
tume for & fungal {mee costing. However, a betier rated coating
nearly always performs better in sctual end e,

Mor |=This beai meshad is iniended for ihe arcelermied evalussion of
an intofgd coalings’ meiletanon o fungal defscement. Use of s test
meihod for evalusing exienor coalisgs” performence has st beon
walidmed, nor heve the lamistions for such use been salemsined. Should
i dent mithoad be wmed for e (niling of 88 ExienOr costing vysiam, &
precautionary  staiement interpreiniioe of maula s being
ouinads of the scops of B ies method must be inchaded. Any accelemted
weaihering (beaching. wealhénsg machise exposwre, eic.,) should be
teponind and should slso bear seferesce 1o the foct that i is bevond the
ousment soope of e il mathod.

1.} Tempersiure ond humidity mus be elecuvely con-
irodled withan the relatively marrow limits specified in order for
the chamber to function reproducibly duning the shon test
period. Sevesity end rate of mold growth on a film is a function
of the mosture content of bath the film and the substrate. A
rebutive humidity of 95 1o 98 % ar a temperature of 32,5 = 1°C
{0 = 2°F ) is mecessary for test panels 1o develop rapidly and
MakneaEn &n adequate mosiere level 1o support mold growih,
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14 The values stated in S1 units are 1o be regarded 2s the
standard. The values piven in panentheses are for infosmation
oaly,

1.5 This standard does mot purport io address alf of the
safery comcerns, if eny, assovisred with ftr wse ff & the "
responsibility of the wser of this sandard 1o enablich oppro-
priare safety and health praciices and determine the applica-
biliry of régulaiory limifanions prior 1o e

I Referenced Documents
21 ASTM Srandards
D 3274 Temt Method for Evalusting Deprer of Suriace
Disfigurement of Paint Filme by Microbial (Fungal or
Algal) Growth or Soll and Dert Accumulation”

3. Significance and Lse

A1 An accclermted test for determining the ressstance of
interod coatings to mold growth o useful in cstimating the
performance of coatings designed for use in inlenior environ-
ments that promote mold growth and in evalusting compounds
ikt may snhibit such growih and the aggregate levels for thels
use (sec also MNote 1)

3.2 This test method should preforably be used by persoss
who have had baskc microbiologhcal iraining,

4. Apparstus

4.1 Enmvironmenial Chamber, capable of masnzamnang & rela-
tive hamadity of 85 to 98 % a1 2 temperature of 32,5 = 1°C (W)
= 2°F) while providing a continsous inoculation of the serisce
of expoied panels with mold spores. The chamber shouald be
kepl in & room controlled 1o 21 1o 24°C [ 1o T5'F) so that
heat loss from the cabinet is insigmificant and tha 93 o 58 %
relative humadity 15 readily obtained al ithe test iemperature.
Alermnatively the cabinet moust be insulsied with sustsble
matenals 1o minmees heal loss
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4.2 Cabimet, suitable to accommodate the desired number of
test panels [tvpically at least rwenty-five 75 by 100-mm (3 by
dun.) panels] under these test conditions can be construcied as
follows (Fig. 1):

421 Tank, polypropylene or polyethviens, with an offset
shpubder a1 the top mm is wsed as the chamber” The minimum
recommenced tank saze 15 &6 by 26 by 61 om (1E by 18 by 24
im.). A pitched top with straight ssdes should be constructed out
of acrvlic plastic s0 moistune condensation will run down the
g..d.u :nd be recirculated instead of drppnag onto the panels.

2.2 Hegting Codl. * installed in the botiom of the chamiber
tr_v waier tight connections through the end wall, The hesies
should be sized to allow reasonable recovery time and wniform
heazsing of ike waler when the chamber is opened and closed o
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place of inspect samples.® Ii i so placed that it & tmmersed
when there are 30 to 75 mm {2 b0 3 in.) of waler in the botiom
of the chamber. The temperaiure in the chamber should be
maonitored and controlled by placing & suitable thermocouple of
RTDY in an area mear the test panels. The temperature can be
displayed and controlied by a solid stale propomicnal comeal-
ler®

423 Troy, stainless steel or plastic, approximately 25 mm
{1 tn.) smaller than the inside dimensions of the chamber and
2410 7% mm (1 10 3 in.) deep with a noncomodible metal® mesh
bottom should be supponed 25 mm (1 in) above the water
level and centered in the chamber. One layer of fine plasic o
fiberglass screen may be placed over the metal mesh, if needed
for bolding soil.

Memy 3—It has been found that climinating the plastic screen heips
EMAOE Waler VRO Hansier o soul, and masts ective fungal cullunes.

4.2.4 Seres of Wood, Glass, or Fiberglass Reinjorced Plas-
g Hars, suspended across the width of the chamber 31 a height
and spacung thal alkows the wse of tes panels 75 by 100 mm (
5 by 4 ), hung wertscally, with approximastely 75-mm {3-iz.}
clearance sbove the inoculated soil with a sestable method of
fastening. Serew eyes ane used with ihe wooden pancis while o
wire frame or & lasge clip s used waih the gvpsum board
panels, Other suppon sysiems may be atilized

Mo J—Oxher anghes of cxposure may be used b may aloer e Fate
and pevierily of mold growih

4.3 Prychrometer, for messunng relative humidity in the
besd ared.

5. Reagents and Maierials

5.1 Soil—aA good quakity greenhouse-grade
suitable for plant propagation, m-udnlqi!-
of the soil should fall from 5.5 w 7.6. Do ot
become compacied.

5.2 Culrurer:

521 Awreobaridive pullulans,'® ATCC 9148

113 Aspergiller miges ™ ATCC 6278

3.2.3 Penicillium,"’ Sp. 12647 or ATCC 9R49

5.3 Test Panel:

33.] Ponderosg Pire (Pinus pondevoss Lows) Sapwood
Panels, 12.7 mm % in.) thick, 73 by 100 mmi (3 by 4 i), fnee
of excessive resins, knois, growth rings or olber sbnormalises.
surfsced smooth on four sides. Wood shall be kiln dried afier
sawing to avold infestation of wood-rotting fungi, and any
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wiond showing evidence of sech infestation shall be eliminated
ad test material. Wood shall be weighed after conditioning ot
ropm temperature in a dry room o 15 % moisture conient.
Calculated weight shall fall between 365 and 425 kgim®[ 6.0
and 70 glin). Parels containing beartweod areas should not
bee wed as they will inhibit mold growth under 125t conditions.

532 Gypsum Hoard Panels, 127 mm (%2 in. ) thick, 75 by
100 mem {2 by 4 ).

3,33 Other Substraies such o5 Drawdown Paper Tongue
Depressory, Glags, erc.. may be used a5 agreed upon by the
parties. imvolved, However, when comparing ihe relative per-
farmance of various coatings, the substrates must be the same
in order for he resalts 1o be meaningful. Also, when using
subsirstes thal are nol \bemselves susceptibde to aimack (like
glass), apether type of positive growth control must be used
rathes than the uncoated panel as specified in 7.2

6. Preparation of Apparatus

6.1 Plsce greenhouse sl in the tray in the cabinet and add
water 1o the 1ank chamber io the desired depth. Allow the
cabinel fo equilibrate for 24 b before inoculating the soil wath
the specified mold suspendions.

fi.2 Prepare mold slants of all three cultunes and age 10 1o 14
dovs or purchase prepared mold slans® of all three calires,
Prepare mald suspensions from each type of mold slant by the
follewing procedure: Add one drop of 25 % nonionic surfac-
tant*! solution w 95 10 100 mL sterile deiondzed or dasilied
water and shake. Pipet 5 mL of this solution oato the mold
slant. Scrub the surfece of the slant with a sserile comon swab
o remove ad much spore and myoelial growth as possible
without digging up 1he sirface of the agar, Four the water from
the scrubbed slani batk into ihe surfactant-sierile water mixtare
for dilution, Shake pently for 15 to 20 min 1o break up clumps
of mold, Use a pipet 1o distribute the mold suspensions evenly
over the surface of the greenhouse soil in the tray in ke
cabinet,

6.3 Allow two weaks of continuous operation for the mold
o sporulate and equilibrale with the eavironment befose
startimg o test, It sbould pol be necessary fo reconiamdmaie
continually the chamber of pancls after sufficien microorgans
15T growtl had bt wp in the soal, if the chamber is maintasned
in continuous operation,

6.4 Viabdlity of the mold growth in 4be cabingr csn be
checked by placing several mall agar or potato dexirose agar
plates,'? open and face up, o several locations on ihe panel
suppadn rods. Afier 1 b, cover plates and place in incubator a1
315 = 1°C ( 90 = I°F) for 3 days. If an incubaior is mod
available, leave the covered plates in the cabiner. Mold growth
should be medium-heavy 1o heavy and cover the complete
surface of the agar plaie,

7. Procedure

7.1 Preperation of Tesr Panels—Wear dipossble plastic
gloves or utilize caber technigues when handling panels to
avoid fingerprints. Prepare triplicate panels by applving two

" Dityd pasned gibowylaies, 9= 00 mole BO, have oo Sourd suinible.
" Prepared agas plaics s weailshiy fnm maoiobeoligical tupsly compasic.
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coats of the material under 128 1o both faces and o all edges of
the panels at a spreading rate of approximately 11 m*/L (450
friigal) per coat or as specified by the coating manufacturer,
allowing 1 day berween coats unless otherwise specified
Duaplicates may be run instead of triplicates. if agreed upon by
parties snvolved. Condition the pasels at 23 = 2°C (T35 =
35°F) and 30 = 5% relutive humadity for 4 days after
application of the last coat before placing in the test chamber
for start of environmental exposure

7.2 Expomure—Hang the panels verically with the bomom
approxsmaiely 2 in. (75 mm) above the surface of the inocu:
Lated soil and with sufficient spacing to allow free circulsions of
air and o prevest contact between panels o with wall surfaces.
Place replicate panels randomly in the cabinet. Include wun-
coated control panels, or pancls comied with a material known
io fail under the tes condition if the subirate is not susceptible
to mildew grewah, in all tests. If the cabinel it operating
properly, unpsinted pancls should develop a & w0 & mold
growih rating within 2 to 3 weeks. If this growih o nor
obtained, the cabirel conditions an: noi satisfaciony or there is
some interfering treatment on the panel,

7.3 Rating—Rate the panels for mold growth cach week for
4 weeks on 8 000 10 rating scale using photographic standardy
{Test Method [ 3274). The 30 and 100 magnificanson phow-
praphic sandards for types of fungal or dint disfigurement (Tes
Method D) 3274) should be used 1o confirm the presence of
modd as the cause of discoloratson,

8 Repor

E.1 Report the resulls a1 the end of the d-week exposuse
giving the mean and range of the three panels. The result from
amy pansl that differs by more than 2 rating units from eithes of
the others can be considered manifestly faulty and discarded
and the mean of the remaining two panels repored. 1f wll
panels in & set differ by more than 2 unsts in (heir ratings,
discard all results and repeat the test.

9. Precision and Bias

9.1 On the basis of an interlaboratory study of this lest
meihod in which ome operator, in each of seven labormones,
rated resistance w0 mold growth of interior painis a1 seven
levels of resistance by wisual comparisen with pholographic
slandards, the standard devealions within and berwesn labora-
tomes were found 10 be:

Withn LSoewiere 0. ey
Aaramer, Waponate ey 0.7 i

Based on ibese deviations the follovwing critsria should be
used 10 judge the precision of resubls a1 a 95 % confidence
level:

9.1.1 Repearabiltry—Two ratings, cach the mean of 2 s,
abtuimed by @ singhe operator should be comudered ssspect of
ihey differ by more thas 1 it

9.1.2 Reproducibilin—Two ratings, esch the mean of 3 se,
obiained in difflerent luborawories should be considered suspec
if they differ by more than 2 it

9.2 Bias—No bias has been debermined for this tegt method,
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