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Ability of bleach and other
biocide treatments to remove and
prevent mold growth on Douglas-fir lumber

Adam M. Taylor
Camille M. Freitag
Jeffrey |. Morrell

Abstract

Slolds ore wn increasimgly importent asee for all building marenals, mcludg
woid, While washing with bleach is o common by recommended method Tor removing
s, e e pesocinted discolomtbons, there o surpnsingly ke information on the
e Vet vemass of this treatment, The ability of mold removal ireatments 10 hrighten
wond pnd elimiinte fungt was assesaeil on Douglas-0ir (Prendougss mensiesin sap:
wood Lumber Teavily eolonized with mold and sapstain fungl. The boands wene sub.
jeetid oo diferent washing iveutments: wiping with beach solution, wiping with water,
wnil @ ne-vwush contral, Samples wiene evialuated visually for changes in mold appeor-
wirea i then fung were lsalated lrom the surfaoe of the wood. Boplicates Trom the v
fons winsh ereatnents were further treated with three biocide fommulations. Theelfeatof
e ol conteal treatments on vistal appearance and fungal diversity was assessed |
pvonth ptterireatment, Incrensing blencheoncentrations from 2.5 up o 20 percent solu-
v Tl o ettecy on the sppearance of the wood Telowing the waak trestment, s dad
such trensments complerely eliminate fungi from the wood surface. The chemical mold
prevention trepments tested were not effective in sienilizing the woosl, nor did they mm-
preves the visunl appeinange,

me:ht masmant it s ot in the for-
st il ju dries o maoismire levels below
20 percent {wiswi, ), sood remoins sus-
ceprihle 10 colonizntion by o variery of
molds, sapstains, amd decpy Tung
{ Drovwling 1970, Kaarik 19800 For many
veirs, lumber producers limited the risk
of fiengnl mrnek by managing production
o avoid long stomuee periods, spraying or
pending stoeed [oms to raise momsmne e
2la ahliove those spiable Tor fungal
growah, kiln-drying, or appiying fungs-
cides o sawn lumber in topecal treat-
ments (Scheffer and Lindgren 159},

These Intier tréalmsents were prunanly
prophyiociie, and desigmed to protect (e
wond only during the time befwoom s
it asid whien moishore contents were re-
huced to belboos 20 percent

The des iz by the L5, Emclnonmen-
1l Probeciion Agency i the Iale 1980s

t pestrict the uge of sodium pentis
chilomoplenaies, coupled with increasing
competny over worker exposung to antls
st chiemicals, lod to g gradual decling
in anfi-sapstuin chemical veoge
(L Anchersam et al. 20025, This decling
wark acoompanied by ancreased lolin car
paciy in the sowthern Liniled States, bid
gy el an the West electad 1o elimi-
nate tremtinent while continaing W pros
vide green muterial, This approach
worked well g long o domestic cus.
foamers wers willing e acepl moldy,
amod wood, Hecently, howeer, sev-
eral high vosthility court coses. hwve re-
subted in substantial senlementa because
o vl oo Buillling musterials, ncluding
wiid { Robbing amd Mereell 2002,
These actions have renesesd inierest in
prophelaciic anti-stm reniments,
There are an nrray of effective, bess toxi
chemicals for this purpose, bul these
swstems are nod designed for applcal T
in samaciares | Morrebl et al. 2002),

Ay the same dme, thers his besn e
creased inteness in methods for removing
Tl discolomanion on wood already -
Aalled, 35 well a8 i reptments o limi
fungal growth under these conditing

The authors are, respective by, Graduaie Research Assistam, Senion Research Asssiany, aod
Prodissar, Depr. of Woad Scicace and Enganesning, Onegon Stzie Univ., 119 Richerdaon Hall,
Carvallis, OR 97331, This paper sk pecaived o publication in Geaber 2000 Amicle e
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Figure 1. — Apibify of waier ar Digach washes fo reduoe the degrooe of soriace mold
covergge or infarnal gapstaln on Douglas-Ar sapwood boands. Bars represent o

atanard @rrars,

While wood cin be colonised By an
arruy of organiams (e ksworh 19915
the prinsiey concern of many has heen
e “toxle mold"™ Stclvboine ol
st Glohonming et al, 1996, Fung e al,
[%4E, Hodgaon et al, 1998, Daggeit etal
1999, B, Apderson @ al, 20025, This
fumgus does ol appens e be assockabed
with freshly sown Douglas-fir lumber
{Knng nmel Moreell 20040), bur i is
primuarily found in cellulose-hased ma.
ierials (EINR 1971

Acommonly recommended meatment
for meld semosal i3 1o Bood the wossd
surfiee with o dilute soluthon of sodiom
hypocklorie (hlenchy, and then briesk
thie wined i lisiodge spores and hyphal
frugments | Oregon Dept, of Human Scr-
viges MU ). Bleach 15 & potent disanfee-
tont  Russell gt ol 19825 but there is lit-
the dua supporting s effectiveness for
this wpplicuton. Similarly, o number of
compounds are markered that clzim o
eliminate mold growth on wood b
there 35 latle o support these claims.

Iei this repart, we describe tests o
evalunte the ability of bleach and or vas-
IS freatments o improse the visual
appeasance of moldy wood and reduce
subsequent fungnl recolonization on the
it suelice,

Materials and methods

Heavily stamned Douglas-fir sapwood

{Psendarsnga mensiesii (Mirbel)
Feancop baasds (19 mim by 132 mm by

=]

varons jengihs g were oliained from o
local lumberyard, The boads lnd i
megervdld any pevier engecsdal incaimeni,
and sl boen solid prled 10 stomage. The
bwsands were cul into B9-imn-long wecs
ivons (hal voere mmobiniaky allocaied e 20
treatment grougs of 10 sections cach,

Wash trearments

The suriace conditeonm ol cach boand
wom sssesacd iy wing a scole fom
O (o eviikenee of discobratiian) o 1IN
fcomplete surface discoloranont for
oth suefece modd and sapstian, All w-
sl AsscsameTis wene conducued by the
same person. The boards were then
trembed voth water or Weach dil uied with
water o 2.5, 50, T3, 1, 130, cu 20

pereent vl vl b Addinonal sets of

boards wers kel untreated. In an effont o
mimie noomal practice with wood in
vertical exposurcs, the splution was
wiped on the surizce with a sponge, al-
boswel o staned for M0 secomide, and then
nnsed oif by dunidom ihe piece in clean
water. The boands were allowed 1o dry
Foor 200 b 30 emimeunes, then resssessed for
surface condition as descnbed above,
Each oeatment was replicated op (0
hoand sections. Followane visual assess-
meni, the alvnlity of cach iresimend 1o kbl
surfzce fungl was assessed by pressmpa
25-mm-long szcten of 12-mm-wide
clear plasnic tape | Posz-in™ mpe “flags”)
on the wood surface. The wpe sechons
then wene placed. face down, on | per-

cent miali extzacl agdr in plaste peld
dishes. inewbated under ambient [nb
comditions {205 10 23°C, and observed
for evidence of fungal growth. Funpg
were wentified 1o genus vsing the ap-
propriate wxonone keys {Elis 1971
Barnen and Hunter 5972, Ellis 1976,
Wang end Aabel 1990, Websler 1993,
[tue tostal sumber o ischitionsponsd, os
well as the number of solations of each
gonus, were noted forexch treatment
ET-;'II.'II'I

Topical prevention treatments

The potennal of three suppieanental
surface treatmenty 1o bimit Tangal
giviwth was examined on bonnd secnons
that hond recsrvad no previous wash real-
ment, of boards thist b been previ-
ously washed with g witer, and on
boarnds that had been swashed with a 10
percant bleach solution us describad
previcisly

Toands v be dreatesd with wiier-based
I percent disodivm octabogate
tetralivedmte (DO {Timbor, U5, Bos
s, Sadenean, Califorming or 10 pereen)
LHFT plus ethylens glvool (Bomeare.
NISLIS Carp., hasbville, Tennessee)
were dremersed o e reatment solullen
for & seconds, hen allowed o div for 13
minuies, The 2 percend didesyldimethy-
lamimanium chloride (D0DACY (Ang-
Cirowth, ilessner Sules Ineorpoenned
Plenek Ovegeon b eatmient was appliesk iy
wiping the surisce winh @ satiraied
B[N,

Following treanment, the blocks were
vesiinlly assessed, and en pliced i
plusiic bogs pnd meubnted 1 3270 ond
Uit pereent relative liumiditg, A1 e el
of 4 weeks of mewbation, e Blocks
were ngain visuul v evabunted Tor discol-
oataon, i the degree ol mierabial cols
oalirmiion was ssessed using e provi-
oesly dhescrhed wpe methiod,

Aesults and discussion

Bleach treatments

Allof the surfice wash treatments re-
diced the discnloration due 1o molds,
including thee warer wash (Fig, 1y hove
aver, thers was lintke or no difTerence be-
twecn the weatments, The wash reat-
ments. including fhose contwining
hlench, hod litle effect on sapstiin, re-
ducing the degree of diseoloration o
pnky 5 10 B percent. These low values
prohably reflect the relatively shom resi-
lemee ime that the bieach was i contac
with the wood and the difficuley in de-
erading the comples melanins that give
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Fipure 2. — tsafafon frequency of seleched fung from Douglas- i sapwood bogros
washed with wilar or inereasing concentranons af BEECh M COmDanson wilh wn-

washea control boards,

A Gamral

‘wilar

#Boracare I Timbar

ot Blaach

BDDAC

Flgure 4, — Chanrga - degres of surface discolorancn of Douplas i sapeaod
Dodras that ware unwashed, waler washed, arbleached, then realed with selectsd
fopical tretrents and incubabed for 28 gays af 32°C

the hyphie their color (£ink and Fengel
I 9E5 )

Fungal izalations were sategorized on
the basis of frequency from o given set
of Boapds for nopiven resiment. The
midjority of Tungi solved were mem-
bers of the senere Trichoderma, Femi-
effftm, or Craypdtien. The abundance of
these penern on wood s typical of

Douglas-fir sapoosd (sang aml Meor-
rell 2000 mmd reflecis the ablity of
these fungs o produce prodigioss num-
bers of spores. In sddinson, Zypsmiceres
were solaied ffom many sampics, al-
though these fumgi were nod sdentilied w
L

Dpomycstes were infroquentdy iso-
lmed from umanshed boands, g their

FOREST PRODULCTS JOLIRMAL Voo 54, No 4

frequaney inereasad on hoards washed
with walerar 2.5 percent bleach (Fig, 2.
Iselation levels then steadilv deciinesd
wiik mmerzased bleach concenization,
anad no Sypamngeres were sodned fiom
bosods treated woith 20 percend bleach.
sl of thie s ireanmenis quy hiave
altered 1he wood enviromment 1o fuvar
prowdly B the Sveeeivoenes already
presea o oq s the wond, Tsolations ol
Fracfiederini species vaned shghtly
with the vinous meatmens. bu the di
TEOCE W ol eonsssien Periel
dispt species dlso varied inconsisiently
with Bleach concenmwanion, Conaiinnr
sppeies were walited Trom all unvwashd
boards, and solation levels declined
ofudy shchaly o all B one ol e wish
freatments, The excepiion was ihe 15
percent bleach teatmient: hinwever, we
visisader Vs resall e be anoosialons
siivig dsliiion levels were high fof the
TE and 20 percem Bleach treatmients,
The high incsdenee of Grepliom 6ns
Lataons retlecs the adapration of tius ge-
ik foar o], s well s sts ability 16 pro-
duce imassive BNI0LNLS of &iC ky spupey

The asoltion frequentics of the vari
os furgl do bol impy that the boeasds
werecivered with spores or hyphal frags
ikl Hosvever, the peauils shiow il vis
able fungal propagotes remnin on the
wiossd surface following blesel trem-
mend, Soeme airborme sposes also may
have banadedd on the boards as they ware
diwing, however, regardless of (e origin
of the fungi, Tnluse 1o alier e congdi-
tons ofn the wood sueliee, prinuaely
thrsiaph devang, will invanahly tead o
resgrinatly o thisse Tungi,

Topleal prevention treatmants

Maost of the bosrds receiving logicnl
treatmignts experienced modest in-
crepsss in the degree of fungal dwcolor-
attons aller the Jh-day dmeubation period
i Fig. 35, Iis impesrtant 1o remember
i Basids were heavily discolored
priogr 1w trearment, so furiher large
changes in discelormon were unlikely
Bronds 'l B been waashed witl wister
or 10 percent pleach pror o reanmem
remded m be more heavily discolored
wdien they weie left unwenied, of remed
with enther boron componnd, while their
appearance tended o improve shghtly
when DOAC way appiied. Water amd
tizach washes iended (o reduce surleee
diseodarztion by 440 10 30 percent (Fig,
1. bin osvipusly they did ot katl all the
spares on e wood surlace: it is clear
that the fung: remaining on the waood
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Tahle 1. — Isoighion frequency of vanoes fungal genera from umiseshed, waier
washed, or Meached Dougas-Nr sagwood boands 28 days affer fhe apebeation of

sevected topical frealrmeant
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surface after reatment were enpable of
continted growth ond discoloration
when the wood was stored snider sbeal
growth conditions, The DDAC irzat-
maht appeired bedt able to iahibit fus
ther discolarmtion, o finding that sup-
Orts 15 frecuant e as a ComponeTit of
anti-gtiin formubinons,

lsslution trequencies for Trichodernta
species were genernlly high for all
tremtmenty {=BU0% of boards), byt were
[vighest on conteol (ni prevention et
meney and Boreare-trented prey joealy
Blenched boards | Taltle | )

Feploiflium species were far less
abunstane than Trichoderma in generl
{Tabde 1), nnd were sbsent (nom -
witshed and bleachad boards treated
with Timbaor, and bBleached boards left
unirented or tresied with Boracere
BDAC hied Tittle eflect o Penicifinm
isolation trequency, regardiess of the
pretreatment,

Although they were infrequently iso-
[ated in the initial wash reatments test,
Aspergiliug species were solated from
60 percent of the control or water-
washed boards mented with Boracare
{ Tabde 1), They were also solated of low
levels (=30%) from water-washed
boards in el four mearment groups. as
well 0% from unwashed DDAC-treated
boards, These results sngmest tha meu-
kation eonditions (ot and humid) ma
hawe fuvored the prowth of these ape-
cies.
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Crrnipoinm species wene isoluted from
all unasrshed, water-wanhesd or hlesched
Boands that did ol recenve a subsaqueit

ireatmeent ( Table 1o Bolation levels of

these fungn declined sharply from
hoands receving lopecal ieximenits, lso-
lation levels were highest on boards
ireated with DA, ramgeng from |5 6o
S pemcent aof the Iisands. Mo G
species were danlated fiom the un-
wished or water-wanhed boands treaied
with Bomcare., while 1 pereent of the
previonsly bleached boards trenied weil
this chemmical viclded such hangi, G-
i specees wene solpied (rom each
ol the Timbar reatments, but the levels
wiere boaw { <206 of the boards), The dia-
malic dechime m Gropdiiion (roguency
followving topacal Inealments suggests
that these sapsimim fungl are mone easily
controlied than the more abamdant mald
fuung

Implications

While bleach is offen recommended
for remediation of surface mold on
wininl, our resubis Alestrace vhan the meat-
ment does not eiiminaie the surface
mucroflere As o refult, an imporim
compaonent of remediation muest be drv-
ng 1o mosture bevels belowy 20 pencem
ithe genemlby sccepled level for inhiba-
e orosvib of fungi on wood j Zabel and
Soenell 199021 In the absence of drving,
some fungi clearly survinee the tneatmenl
imd maEy re-colonize the surface.

The apphcason of wpdcal eanmaents
dlae produced variable resuliz, None of
the treanments inhibited all of the fungt
presem, These freaiments were selecied
becanse they are being couted as mnld
weatmems and because of el res-
vively Jowe tosieiy pretiles that would ol-
fnw thetr use without a pesticide appli-
cator license. However, i1 s lear ihai
these teaiments lack the broad spec-
truem activaty regquired 1o reduee the ac-
ity of such n diverse miceodinrn, Bxe
plotuson of mixtwres of these mutenals
s advisahle.

The results highlight the difficulty of
complete seonal of surface colonizo-
toy by Puangs and emphasize the lmper.
tance of prevendion, either by kiln-dreing
oty e apphication of topesl funmeides
sonn after smwiig,
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