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faharatory stuedy hos corfTrmed the metit of mpicaily ap-
phigd chiorothadond avd chlorathalonil/disedium octaborare
tetrulpdraie combination spstews for the preseniion of fungal
grorlrtf e weed {ad ppsum drmeall} sebsinaes. This article de-
scribes the extension of (his wevk to a fleld sedy perforamed ol
constructioll Weher under harsh climaic conditions (southern
Blovida}, fighly favoreble to mold jroneh. This sore realisec
stedy also confirmed the effectiveness of chlorothalor(-bused wps-
temy i preeettiion af surface fnfestation by mold fangl. The frac
tical application of these spsiems for wmold preveation in new
hate comstriction i discissed.

INTRODUCTION

sold prevention in new homes and remediation
of mald in storm-damaged properties are both con-
tribuling U a growing market in this area of pest
conrrol. Many factors in new home constniction, in-
cuding poor building practices {leaks), use of syn-
thetic swueen {does not breathe), lomger construction
tmes (larger homey), and effors for higher energy
efficiency coniribule o the increased incidence of
mobd. Clhianges in life style (longer lime spent in-
doors] also contribute to higher moisture levels fa-
vorable (o mold infestation. Nommal weather ex-
Lremes linked with the increased utilization of
indaor climale control, and the longer-term cyclical
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changes in climatic condidens currently giving rise 1oy
increagsed hurricane incidence, are also significant con-
tributors to mold infestations in habiwhle structures.

kMany chemical ireatments have emerged for mold
prevention ml remediation but the number of mly
elfeclive malerials is limited, The first step in providing
products for mold prevention and remediation is nor-
mally a preliminary Tabocatory study thal screens and
cermpuares Nkely candidates for efficacy against kmown
mold-lorming fungi. Such a stady in surface mold con-
trok was recenthy complered wnd reported Dy Loy,
Micales-Cilaesern, and Woods This siudy constitued
Lests performed in-vitto on wood {southern yellow
pine and aspen) and gypsum wallboard with four
medd fung commonly encountered in human habita-
tiems, The active ingredients compared in the fungi-
cidal Lreatments were chiorothalonil (CTL), didecyl di-
methyl ammonium chiods {12DAC), and disedium
cctaborate wiralivdrale (L) Combination systeniy
Dased on DO with the other two active substances
were also included in this study. This was a compre-
hensive study, the resulis of which were presented at
the Liulljana IRC meeting in 2004, T summury, the
data obtained dearly demonstrated that the most effec-
tive fungicide, when used alone, was CIL.

Comlrnations of CIL with DOL also perfommmed
merre effectively than the DOT/DDAC combinalions
[ the difference in efficacy for the combined svstems
was rather small. Some of the results from this stachy
ilHained on southern vellow pine [SVP) are presented
here for direct reference.

To inaease the level of confidence in ClL-based sys-
temns for mold pprevention, studies were capended to g
full-scale ield trial performed under harsh dimalic
conditions, This sty was perfonmed on bundles of
construction Inmber stored under tarpaulins in south-
ern Florida. lntermittent examination of the exposed
lurmnber stacks indicated that signifcant dilleremtiation
of fungicidal treauments could be observed in a vela-
tively shor period of time (three months).

EXPERIMENTAL

Marerials

CHEsICALS: divodinm ooaborate tetralydrate was
provided [y Nisus Corporation in the form ol a 40.6%
active solution in glyeols Chlomothalonil was em-
plewed as w 40.4%, active water-based suspension con.
ceniraie [Sostram Corporation] and didecy] dimethyl
amunondum chloride was employed in the form of an
0% active aqueous solution and was supplied by the
original study co-spomsor, Nisus Comproration.
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Sample Capcentration (%}
Hurmbey Fungiridal Treatment (Active Ingredient)
T oo, Nevne HA
2o Chlarathalonil [CTL) 1.0
R Didenyl dimethyl anivaniurn
chlatide [D0AC) 1.4
b oL Dizadium nctabnrate
tatrahydrale [DOT) 8.5
5 .. BOT/DDAL 8.5,/1.0
B s DOTATL 8.3/1.4
Petri Dish Study

A complete description of the method employed in
the in-vitro study is given in reference 1 and will not be
detailed here

Standard microbiological Petri-dish technigues were:
employed for detenmining the effectiveness of each
treatment against meded Tungt in axenic culiure. The
mold fung evaluated were: Stachybotrys chamarim,
Aspergithe niger, Pendciilium bremieompacton, andd
Cladasporium cladasporieidas. In all, 16 single actve and
combination acive lungicldal weatment systeins were
evaluaied including some evaluations at multiple ley:
els. lest substrates were sonthern yellow pine aspen,
and boron-free gyprsum wallboard. Samples were rated
at intervals up W a wotal of 12 weeks for macroscopic
discedoration and microscopic sporalation and
myeelial groseth, A modified version of ASLM D 3274
354 was employed with all propexties being rated on a
scale of 0-3. 1o all cases a higher rating corresponds
with lower efficacy of the (ungicldal ueatment to con-
ol the respeclive delerioration.

Select fungicidal systems from the above stuely are
reported here {Tabfe 1) for comparison with the tield
smidy, which 75 the main abject of this paper.

Fiald Study

‘Lesy Srrciens: 27 3 472 &' pieces of kiln-dried SYT
construction lumber were selected as test specimens for
the Meld wial. Four full bundles (A, B, C. D—approxi-
mately 190 pieces in gach bundle] of each treatinent
wrre prepared.

Sample Comcentralion {4}
Humbet _ Fungicidal Treatment (Aetive Ingredient)
B - 0 1 Waker cunlrol NA
PFCBEED) e DT/ AL 2.5/1.0

AF (8,800 e Chlorathatonil [(CTL 1.0

aF fARLDE e, 0T/ LTL 5.5/1.0
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Fiqure 1—Effect of fungicidat treatments an Lhe discoloration, sporu-
Latian, and mycelial growth of Stashpbomnes chariarm on pine {gach
peint is the sverage of six replicaic samples after 12 weeks incuba-
Hond,

l
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Fungleldal Treatmeant

Fungicidal Treatments

I aeleditian o water-reated control specimens the
fungicidal eeattnent systems were selected as the three
best systemns trom the laboralory stady identified
alaove: table 2 Tists the fungicidal treatments ander-
taken for the feld study.

Treatment Procedure

The construction lumber hundles were split and
gach piece of lumber was individually treated by flood-
coating (4 high volume, low pressure spray lechinique).
This was tollowed by air-knife thyving prior to veconstl-
tation of the lumber bundles. “1he irealinents were per-
[ormed al the establishment of Triad Pre-finish and
Limber Sales lac., Cireenshorg, NC, Reconstituted bun-
dles were re-strapped and shipped wo the Allas et site
in southern Worda for exposure and evaluation. AL the
time of shipment, only the Ireating facility was aware of
the identity of the treated bundles. Any downsiream

Figure 2—Eflecl of fungicidal treatments on the discokaration, spovu-
latian, and mycalial erowth of Cedespariun cladospericides on pine
feach point is the average of six replicate samples after 12 weeks in-
cubation].
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Figure 3—Effect of flrgicidal trealments on the discolomtion, sporu-
lazian, and mycelial growth of Penicillivm brevicompactum an pine
{zach point is the aworage of six eplicale samples after 12 weeks in-
cinbation).
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evilwationn of these specimens was, therefore, per-
tormed on a totally unbiased "Blind” s,

Spacimen Exposure

The bundles were arranged randoroly om the test site
ancd were covered by tarpaulins in order Lo congerve
mesisture within ihe bundle and creme an aggressive
environment with regards & mold growth, The tarpan-
ling were removed in order to subjece the bundles 1o
any ralural rainfall thal ocontred, When natural rain-
tall was absent for more than one week the bundles
were watered artificially on a weckly basis. The wel
bundles weee re larped aller naimral rainfall or water-
ing. The test was nitiated in mid-Taowasny 20005 and ter-
minateed in early April 2005,

Fvalualtion

Buneles were evaluated on an imtermitient basis Tor
development of sucfice mold. When maold had dewel-
oped sutfidently to ditferentiate the Leeated specimens,

Fiqure §—EMect ol lungividal treatinents on the discoleration, sporu-
latign, and mycelial growlh of Aspergitics miger on pine [each point
is the mverage nf six replicate samples aller 12 weeks Wnoubation).
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a compreliensive assessment was performed. This con.
stituted a piece-by-plece evaluation and allocation ol a
raling rsed on the percentage of dean wood present
on the worsl of the two broad faces of each pivce. This
imvolved the evaluation of same 1500 wood sufaces
forr any iven teeatment type and was perlormed Ly
Prof. lerry Amburgey of TASkpro Tnc, Only the incl-
dence ol maold growdh was raled, nol the sevenity, Fyen
if o lumber surface was lightly covered with mold and
this covered the whele surface, a 0% dean rating was
assigned. Additenally. pholographic domumentation of
the partially dissembled wood undles was performed.

Laboratory Study

Dala extracted from the laboratory study have been
wsed 1o comslowet Figures E-4 for the four microorgan-
isms listed above on southern vellow pine [(SVT], These
figures illustrate the efficacy of the individual aclive in-
gredients and comhbination systems for a limited num-
ber of the samples evaluated in the original study, Table
1 omthines the systems for which data are presented.

The resules of this study are reported in delail in
Llovd el al - This stady conelnded that the best owerall
efticacy ot the single active ingredient fungicidal treat-
ety is observed with CTL This perspective is also
reached (rom the candensed data presented hexe tor
SYT weatments, Of the combination systens siudied,
the 1T THOT system is the most effective but the deli-
clency of U DDA DR sysiem is limited to
Cladesporium cladosporisides. 'The above olwervalions re-
lated 1oy the efficacy of THIT alone are consistent with
the [indings of Barnes et sl wheo concluded thag DOT
is anly marginally effective al controlling mld Nung,
amd the olmereations of Clavsen and wWeat,” who [ound
that 51 specimens dip (realed with a solution contain-
ing 13% DOT were maderately resistant W Aspergiliug
reiger ina standard laboratny mold test. but anly when
the specimens were kiln-dried prior to fungicidal treat-
ment,

Field Study

Based on the observalions lrom the in-vitro stady
the three lingicidal meatments with the best efTacy
[fable 21 were clwsen as the lasis of a field study in
southem Flarida, Southerm yellow pine was chosen as
the test submtrate and ol ondles of construction lum-
ber were utilized. The test was designed to gmive a “worst
case” study consistent with the ambient tempreratures
and hurnidity conducive 1o surface mold goowth, 1o ad-
dition, moistuie levels infon e iest apecimens were
maintaiveed by enclosure in tapanlins. This protecol
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also ensured lintle air movement arouand the weod Taon-
dles, further enhandng the potential for mold growthy.

The field test was initlated in mid-Tanuary 2005, Tarly
imsprctionys indicated relatvely Hole mold growth atmib-
wiable o due initial dryress of the sl specimens and e
Tark of matural rainfall. [0 was then decided Lhat anilicial
walering waould be reguired on a weeldy basis if no nam-
ral rainfall oconted. This praclice was successfil at in-
diwing molel greveth and by carly Apeil 200% sufficieni
dilfersnces in swrface medd were svident such thal an ob-
jective assessment of these differences could be made,
N attempt was made 1o identity the mold species, al-
though both Trichodersw spp, and Penldcillium sppr. ap-
peated to be the predominant species. The wood bun-
dles were split to approximarely halt the depnl ianed
cifferences were recorded by photography, Lhe black and
while versions ol these colored photographs are not suit-
abbe for reproduction here bul the Tollowing order of of-
ficacy, THTCTT =CTL-DOT/DDAC=control [waler), was
appatenl. A more olyjeclive assessment of perfonnance
was obtained by a detailed inspection of the twe broad
faces of every piece of lumber thar received weatment. I
all, some G000 [ 1500 per treatment trpe) individual as-
sessiients wete perlormed. This procsdure 15 described
in the experimental section and resulted Inapperox-
malely 75 picces of dita per treatment tvpe. Lhese data
are ot presented here bul several sialistical assessiments
of these data were performed and ave presented in
Figures i 7.

Figure 5 Mustrates (he ool of fungicidal teatment
upon the mean percentage of surface area mew of mold
after approximately 90 davs of exposiwe. Lo comparisoen
to the water-trealed control, CTL mnee 2 signiticant pos-
itive effect on the mean percentage of surfice area free
ol muld while the combination of CIL with DO gave
evel more positive resulls. In contrast, the combina-
tion of DOT with DDAC had apparently lintle effect on
the propottion of siface area free of mold.

Al allemabive slatistical view of the data, presented
in Figure 6 (median value of percentage surface arca
frew of mald), sugmests a similar relative order of per-
ormance (or the CLUL and CTTTOT systems but a
creater ditferentiation between these systemns and the
TOT{TDAC system and the water control Thers is
some indicaiion froo the data presented in Figures 5
and 4 that the IMILDDAC syslem perforny somewhat
womse 1than the control but this is likely of litde staiisi
cal signilicance. A Mnal perspective on this data is pre-
sented in igure 7, which shows the ellect ol 1reatment
tvpaes wprom The reladive incidence of perfectly clean
boards at the end ot the exposure period. Again the
same conclusion is reached with regards o relative effi-
CAUY.

Independent of the stavstical representation of the
accuited <dara, it 75 clear that the teld vesults for the
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Fiqure 5—Effect of fungicidal treatment on the averall mean percent-
ages of surface area frae of mold {worst broad face) after approxi-
mately 90 days exposure in southemn Forida.
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Figure 6—EMerl of fungicidal treatment on the wedian values of sur-
face area free of mold (worst broad face) after approximately 90 days
exposite in sauthern Florida,
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Figure 7—Ratios of the percentage af 200% chean fworst broad Tace)
boards after apptoxinately 90 days exposure In southen Flarda,
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CTL and CTL/DCY systerns conlirm the abservalons
made in the laboratory study. The data generated in
the: Tield study for the DOT/DDAL system, however, do
not paxallel the results of the laboratory sidy. Indeed,
the DHIT DDA syslem performs signillcantly worse
than the DWOJCLL sysiem under the harsher condi-
tions of the field swidy, This effect is pessibly a simple
consequence of thehigh waler solulyility of DDAC
{miscible in all proportions) since the bundles were
exposed to natural raintall and ardfidal warering,
Additionally, CTL has extremnely Tow solulility in waler
{approximately 10-% in distilled water) and has high
resistance 1o leaching from wood.® Despite the fact
that the laboratory study indicates that the DOTS
DLAC system performed well ugainsd the DOYTCIL
system the marrower specirum of aclivig for DDAC
alone in compatlson with CTL raises the possibility
that the DOT/DDAC svstem could offer mferior per-
formanee 1o the DEXTYCTL comblnation dependant
upon the mold fungl encountered, Clausen and Yang®
have observed that Borare/quat systemns have high min-
imal fungicicdal concentrations |MFEC, |, suggesting the
Timited ellicacy of this tvpe of combination for surface
meld inhibition.

Dievelopment of test methods with which o prove
efficacy for surfuce mold prevenlion is a subject which
has allracled some interest. Clausen and West! em-
ployed an experimental rain chamber in an atlempl o
evaluate the effect of repeacted welling of conslruction
Lumber as [requently happens following delivery o
constiuction sites, The results dd not correlaie well
with evaluations perfoomed by 4 standard AS T8
method (ASTAM 1} 4445-91) for surface mold evalua-
ton and failure times were extended from weels o
months. They comelwded that under such circum-
stances nol only is active ingredient depletion impor-
Lamt but also removal of the maold spores and some
mold from the wood surface by the “rain evenl.” Such
olservations indicate how ditficult it is to simulate
what happens in the “Teal world” and also serve 1o ein-
phasize that it should e ne surprise thal the Florida
fiedd siudy pave somewhat different results than the
earlier laboratory study,

Producs containing CTL and DDAC, alone or in
combinalion with DXL, are registered by the U5,
tnvirenmental Frotection Agency for use in mold pre-
wvention, While the rexalls of the laboralory siudy give
a good indication of relative perfurmance where the
treated materials are protecied rom Decoming wel
fe.o., dried-in stage of framed constuction), it is abmwi-
ous that vndder circumstances where ynintenticnal
chronic exposure to water occwes [rain or condensed
moisture), the CTT. and paricalarly the DCXFCLL svs-
tems wauld be expecied o offer supetor resistance 10
mold infestation.
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THE REAL WORLD

Digspite attemipts o mimic the real world application
ol antimicrolial products, the practical vse of these ma-
terials inevitably produces the biggest challenge 1o theic
efficacy. hold preventon products are no exception to
this mrle and it 15 worthwhile W make a few general
comiments regarding their applicationuse,

The targgts lor mold prevention products are princi-
pally new building constmaction and integral con-
stituents of yemediation in exisling siruclures. One of
the: biggest challenges 1o be Gaced by mold prevention
products is their use in the crawlspace environmendt. 1L
is ot uncommon in new home construction 1o pro-
ceed as far as the sub-floor and then be [ollowed by
weeks or months of exposure w the elements, Tnder
these clroumstances, moisture contents can reach levels
comgistent with fungal decay, Surface mold prevendon
prrivducts are virlually wseless wnder these circumstances
and the bullding industry appears to have unrealistic
cxpectations of mold prevention products in this area.

. Imunizon with the developient of surlace mold
prevention products, the building community must
also accept its responsibility in reducing maoisture
ingress during the comstruction process. Closed crawl-
spaces are becoming more popular in some areas of the
115 When comrectly installed {use of mold prevention
products and proper miisiure management), these ar-
ey can be kept (eee of mold during and after the con-
slruclion process, Ii is, however, common praciice 1o
consmuct the rawlspace and leave construction debiris
in the crawlyace Jor long pericds. 1t is also mot wnoom-
mon for the surtace moisture barmier to be tnstallead
long after the bagic construction of the crawlspace. Lhis
etfectively crenles 4 large-scale mold chamber with con-
ditions conducive to maold infestation, There shinild be
no surprise, therefore, when poorly managed crawl-
space comstrulion resulls in the incidence of surface
mnld on e wooden constituents, which are present in
this environment,

CONCLUSIONS

The Micales-Glaeser laboratary study concluded that,
while (7T perliormed the best ol e single tungicides,
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the DOL{DDAC and DOT/CTT. combination systems
had superior efficacy to any individual lungicide (CTT,
DOT, and DAL agains common mold forming
fung. Exlending this study to a field wial with selected
ireatments further confirmed the superiority of the CTL
and DOT/CTL systems and indiciled thal these latder
systemns will offer the greatest resistance to surface mold
infestation should repeated exposure (o moisture ooour
in buildings after constmiction is completed. The suc-
cesstul application of these products requires a respon-
gible approach 1o modswee management and the adop-
tinn of good building practices by the building
COMIUILLY,
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