Mold: Causes, Health Effects
and Clean-Up
Joseph Lstiburek, Ph.D., P.Eng.
Nathan Y ost, MD
Terry Brennan, MS
Mold

Mold requireswater. Nowater, nomold. Moldisthe
result of awater problem. Fix thewater problem. Cleanup
themold. Andyou havefixedthemold problem.

Toavoid mold problems, avoid water problems. Design
and buildinamanner that reduceswater problems.

Moldalsorequiresfood. Thefooditlikesbestis
cellulose—themore processed the better. Moldreally likes
wet paper. Itkind of likeswet wood, but not asmuch asit
likeswet paper. It likes processed wood better thanit likes
real wood. So mold likesoriented strand board (OSB) better
than plywood and plywood better than astud or ajoist. Mold
alsolikesthefecesof cockroachesand dust mites, aswell as
somepastes, paintsand adhesives.

Just because something getswet, it doesn’t mean it will
get moldy. It needsto bewet for awhile. Wet paper needsto
bewet for acoupleof days. Wet wood, for acouple of weeks.
Andit also needsto bewarm. Warm, wet paper that iswet for
awhileisaproblem. Becauseit usually takestimefor mold
to grow, promptly drying the building after awater event will
prevent amold problem from developing. Of course, make
certain that the underlying problem that caused thewater
problemisalso corrected.

Thereareawaysgoing to bewater problems. But if
youfix thewater problemsquickly enoughyouwon’t have
mold problems. Y ouwant to be ableto seeawater problem
right away if you have onesothat you canfix it right away.

Water problemsthat you can't seefor alongtimeare
thetype of problemsthat |ead to bad mold problems. For
example, wet paper faced gypsum board that you can’t seeisa
problem. Likefromasmall plumbing leak. Especiadly inan
exteriorinsulatedwall. Why aninsulatedwall? Theinsula-
tionreducestheability of thewater to drain and leak out so
that you can seeit. Also, theinsulation reducesenergy flow
acrossthewall thereby reducing therate at whichthewall
driesout. Also, apipeinanexterior wall ismorelikely to
have condensation onit especially inthesouth, and pipesin
exterior wallsfreezeand break —eveninthe south.

Onecavity insulationversusanother doesn’t matter
much from amold risk perspective. Cdluloseinsulationis
paper based, but itisal so treated with chemical s(borates) that
suppressmold growth. Fiberglassdoesnot support mold
growth, but it getsdirty, andthedirt growsmold ,anditis
often paper faced and this paper growsmold. Inaddition
somefiberglassinsul ation containsureabased binders that do
support mold growth. Fiberglasstendsto concentratethe
water locally whereasthe celluloseinsul ation distributesit
more. Y ou need lesswater to causeamold problemina
fiberglassinsulated wall than you doinacelluloseinsulated
wall because of thisconcentration effect. However, thefact
that cellulose distributesthe water better al so makesit harder
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to spot aleak. Sowhichtouse? Fromamoldrisk perspective
it doesn’t matter oneway or theother. Thebestthingtodois
not put pipesintheexterior walls.

What about rainwater |leaksand thetypeof insulation?
Withalittlebit of rainwater |eakage, cellulose worksbetter
than fiberglassbecauseit absorbstherainwater, redistributes
itand then letsthewall dry in acontrolled way (assuming you
havedesigned thewall todry). Withalot of rainwater
leakage, fiberglassworksbetter than cellul ose becauseyou see
thewater sooner and realizethat you havetofix theleak.
Rainwater leakageisdifferent from pipeleakage because
rainwater |eakageis moreintermittent —that makesit lessof a
problem than aconstantly leaking pipefromamold perspec-
tive. Celluloseisnicewithalittlebit of rainwater leakageif
thewall isdesignedtodry. Fiberglassisnicewithalot of
rainwater leakage. But what doesalittlebit or alot mean? It's
best not to haverainwater |eakage getintowall cavities.

That’ swhy youneeddrainageplanes(building papers,
housewraps, or foam sheathing) to direct water fromwindow
and cladding leaksdown and out of walls.

Y ou shouldn’t chooseyour abovegrade cavity insula
tion based on amold risk perspective. However, all of this
changesbelow grade. Don’ t usefiberglassor cellulosebelow
gradeon theinside of basement or crawl spaceassemblies.
Useonly rigid foamsthat are semi-permeable (nofoil
facings). Why thedifferencebelow grade? Youcan'tdry to
the outside bel ow grade and the surfacesareal ot cool er both
inthe summer and inthewinter

Leaky windowsarealso aproblem. If asmall leak into
acavity that you can’t see continuesover along period of
timeaproblemwill developif the cavity can’t dry quickly.
It'sevenworseif thewall isn't designedtodry atall. That's
why you need pan flashings. Samefor doors—doorsleak too.
Pan flashingsunder doorsand windowscollect water from
window leaksand safely direct thewater away fromthewall
assambly.

L eaky windows are more of aproblem than leaky roofs.
Why? Roofsdon’t oftenleak into small-enclosed cavities(i.e.
walls). Andyoutypically seearoof leak right away, soyou
canfix it beforemold hastimeto grow.

Health Effects and Risk

Mold, especialy mold sporesare everywhere outside.
Moldisoneverything webuild with and everything webring
into abuilding. Remember webuild outside. Weturnapiece
of the" outside” into theinsideasthe construction process
progresses. Thereforemoldwill alsobeinside. Andremem-
ber it’ soften wet outside. What’ sworseisthat constructionis
alsoawet process. Itisnot possibleor practical tohavea
moldfreebuilding. Justlikeitisnot possibleto haveamold
freeoutside. Wejust don’t want alot of moldinsideand we
don’t want any moldthat isactively growing. Weespecialy
don’t want alot of mold or mold that isgrowing whereyou
canbreatheit.

We'renot surewhat “alot” means, but wearepretty
clear about the* growing” part. We'realso not sureabout the
“whereyou can breatheit” part either becausewedon’t know
wherethat iswith certainty.

Wehumanssharethe planet with mold. They werehere
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beforeusandthey will likely behereafter us. We pretty much
have gotten along reasonably well with mold these past
100,000 yearswe humanshave been around. Sowhat has
changed recently? Why themold hysteriaand why now?

Wenoticethingsmorenow. Andweexpect and
demand more. Fewer of usaredyinginwarsand from disease
and hunger. Whenyou arestarving and arein fear of getting
your village burned and pillaged you don’ t worry about mold.
In North Americawe’ ve congquered most of thereally bad
diseaseslike smallpox, typhoid fever, cholera, malariaand
bubonic plague. We' renow working onthelesser diseases
like heart disease, cancer, alergy and asthma.

We veawayshad somemoldy buildings. But more
recently weare building with different materialsin different
waysthat |ead to moremold and different mold. Weusepaper
faced gypsum board instead of plaster and lath. Weuse OSB
instead of wood boardsor plywood. Weusemuch more
insulation. We haveair conditioning. Westick ceramictile
ongreen col ored paper-faced gypsuminbathrooms. Wehave
wall-to-wall carpets. For thesereasonswe not only have more
moldin buildings, but we also are morelikely to notice that
mold. Thetypical person al so spendsmoretimeindoorsnow
than 50 yearsago.

Allergy to somemoldsisclearly aproblemfor individu-
alswith apredisposition (tendency) to developing allergy. We
do not know how much exposureto moldisnecessary to
initiatetheallergicresponseto mold. Oncetheallergy has
developed, however, exposureto very small amountsof mold
(theallergen) can cause symptoms. Somepeoplewithallergy
tomoldonly haveproblemswithitchy eyes, runny noseand
sorethroat; others also have asthmaand can devel op breathing
difficultieswhen exposedtomold.

Asthmaaffectslotsof people, and somemoldsare
triggersfor asthma. Themold-asthmaconnectionisreally the
heart of most of themoldworries. What isnot provenis
whether exposureto mold can lead to the devel opment of
asthma. Themorewestudy asthmaand mold, themorewe
discover about how mold affectsus. Itisbeginningtolook as
if some of these mold effectsare not particularly nice. We're
not quitesureyetif it’sreally bad, or just alittle bad for many
of us. Clearly someindividualstolerate exposureto high
level sof mold without any apparent adverse health effects.

If mold were as bad as some say wewould haveto ban
farming; all composting would beasuperfund site; you
couldn’t cut your grasswithout arespirator; and most of us
would already bedead. Ontheother hand thereissomething
clearly behind themoldissuesfrom at |east the circumstantial
evidenceside. At present though, thescienceisreally quite
thinand we mostly have stories—anecdotal evidence.

In additionto allergic disease, mold can causeinfec-
tiousdiseasein some people. Most of these peoplearemore
susceptibletoinfectionsbecausetheirimmune (defense)
system has been weakened by other diseases such ascancer or
HIV (AIDS) or by medical treatment. Transplant recipients
(heart, lung, kidney) receivemedicinesto prevent rejection of
thetransplanted organ that al so weakenstheirimmune system.
Theseindividualsareat increased risk for acquiring fungal
infections; themold can actually grow insidetheir bodies. In
somecases, fungal samplestakenfromthe patient’ sbody
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wereidentical tofungal samplestaken from the hospital room
occupied by the patient. Intheseunusual, fortunately rare
cases, we can befairly certain that the patient becameinfected
by thefungusgrowinginthehospital. In most casesof
diseaseallegedly cause by mold, no such conclusive evidence
isavailable. Therealso areafew fungi that can cause
infectionsin healthy people, but thesefungi rarely grow inside
buildings.

Somemolds a so make powerful chemicalscalled
mycotoxinsthat arereleased under special circumstances. We
think that these mycotoxinsare directed agai nst other types of
mold and bacteria. For example, we usethedrug penicillinto
fight certain bacterial infections; penicillinisamycotoxin
produced by Penicilliummold. Another mycotoxin,
cyclosporin, isapower immune suppressant that we useto
treat patientswho havereceived transplanted organs. There
aremany other mycotoxinsthat we know much lessabout.
Some of these have beenimplicated asthe causeof illnessin
peoplewho havelivedinvery moldy houses. Thepresshas
reported storiesabout i ndividualswho allegedly died or were
madevery sick from mold; powerful mycotoxinshave been
implicated. However, wecurrently do not havethetechnology
that allows usto measure mycotoxin levelsin blood or tissue.
Thereforewe can neither measure exposure nor say with
certainty what isresponsiblefor the symptomsor disease.

Unfortunately thereistoo much about mold and its
possi bl e effectson human health that we do not know. Wedo
not know what constitutes“alot of mold” or whether ashort
brief exposureto “alot of mold” isworsethan chronic
exposureto“asmall amount of mold.” Thisiscomplicated by
difficultiesin determining exposurelevelswhenmoldis
definitely presentinabuilding. Just becauseyou have mold
inahousedoesn’t meanthat you have been exposedtothe
mold. And whenwe mean exposed wemean that mold or a
piece of that mold or mold spores or mycotoxin has gotten
intoyour body by inhalation (breathing) or ingestion (eating)
or absorption through your skin. Themerepresenceof mold
inahouse doesnot constituteexposuretothat mold. And
even if somemold hasgotteninto your body it doesn’t mean
your goingtoget sick. Andif youdoget sick it doesn’t mean
you aregoingto stay sick. Or that you aregoingtobe
permanently affected.

Evenif you have symptomsthat are consistent with
exposure to mold that does not definitely mean that you have
actually been exposed to mold. Y our symptomscould bedue
tolotsof other thingsbesidesmold. Thefact that you havea
diseasediagnosed clinically (by areal doctor) caused by mold
and that you livein ahousewith that particul ar type of mold
doesnot mean that you got sick because of exposuretothe
moldinthehouseyoulivein. It could have happened
somewhereelse. Of courseif you havelotsof that type of
moldall over your houseinlocationswhereit easy to breathe
alot of it and you haveaclinically diagnosed disease linked
tothat particul ar type of mold the probability ispretty high
that you got sick because of exposurein your home—but we
couldn’t absolutely positively say for sure.

Most mold disease storiesarejust storiesat this
particular time. Thescienceisreally thinat thistime. Over
timethe scienceisgoingto get pretty tight. Sciencewill
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probably say that yeslots of some bad moldscan makesome
peoplereally sick. Wewill get pretty good ideasat how much
of what type of moldinwhat typeof personisbad. Wedon't
know thisyet. Wewill actually get medical teststhat will say
this person was exposed to thistype of mold. Wedon’'t have
thesetypesof testsyet —except under extremely limited
situations (wefind themold growinginside of someone).

Now evenif thescienceonthe medical sidegetsgood,
westill havehugeuncertainties. Theproblem of ng
actual exposureisalso quitedifficult.. Itisalmostimpossible
totrack mold or provethat mold hasgonefromaspecific
locationinto your body. Wecanfind mold onasurface. We
canfind moldintheair —sometimes. But wecan’t provethat
themold onasurfacegotintotheair andthen onceintheair
itgotinyour nose. Andevenif wecould show that themold
intheair gotinyour nose, it' salmost impossi bl eto show that
themoldintheair orinyour nosehasatoxin or enough of a
toxinto makeany difference.

Thepresshaswidely reported onthecoupleinthe
Pacific Northwest who burned their housedown after settling
their law suit for water damagesto thebuilding only. There
wasno money for “ painand suffering” and health effects.
Thishouse had really stupid construction problems. It had a
wet crawl space containing leaky ductwork. It also hadleaky
ductwork intheattic. Theleaky ductwork inthe crawl space
andintheattic caused the houseto haveahuge negativeair
pressure—it sucked. It sucked the moisture and mold out of
thecrawl spaceandintothehouse. Alsotheroof leaked, the
wallsleaked, and theroof was not vented. Weweresurprised
that the house could actually be burned becauseit was so wet.
Werethepeoplesick because of moldintheir house? Were
they infactsick? It'shardtotell. Dowebelieveit? Inthis
casewedo becausewearefamiliar with thehouse. But we
certainly couldn’t proveit.

That big expensive Texasmold law suitisparticularly
instructive. Thejudgewould not allow testimony onthe
causal relationship between mold and health effectsbecause
theinformation relating to mold and health effectswoul d not
passthe Dalbert test (“junk science” test). No scientific
consensusexistsat present onthehealth effectsof mold. The
Texascaseinvolved ahuge expensive housethat had aleaking
pipethat for really stupid reasonsdid not get fixed and the
house got really moldy and really wet. Themoney went to
rebuild the houseto get rid of themol d, not to the couplewho
owned the house becausethey weresick. Thejury also
punished theinsurance company for not fixing thewater
problem promptly and cleaning up the mess.

How did the court decidethat the house was mol dy?
Easy, you could see the mold on everything and you could
smell it. Thecostswerebased onwhat it would cost tothrow
out the moldy stuff and replaceit with stuff that wasnot
moldy. Plusaquantity of money to punishthebig bad
insurancecompany —or at least get their attention.

Bottomline, livinginamoldy houseisnot agoodidea.
Wewouldn’tdoit. Y our customersshouldn’t livein moldy
houses. But most of the health effectsare uncertain and
unproven. Andthereareno standardsfor moldlevelsor
consensusonrisk. How doweknow if ahouseismoldy? If
you canseeit or smell it. How do you know whenyou are
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clean? Youcan't seeit or smell it.

Prudent avoidanceisthebest course of action. Build
housesto minimizethelikelihood of water problems. When
water intrusionsor leaksoccur, dry thebuilding quickly to
prevent subsequent mold growth. Fix theunderlying problem
that caused thewater problem. If moldisdetected, cleanit up
quickly and safely; then fix thewater problem that caused the
mold.

Strategies

What wewant to prevent is having mold germinate,
grow or amplify inside. Wewant to prevent mold reservoirs
from becoming establishedinside. And mostimportantly, if
wehaveareservoir inside, we don’t want themold, or pieces
of mold migrating fromthereservoir throughout the house.

Generally, but not alwaysit isbetter to havelessmold
insidethan outside. Theproblemisthatinthewinter thereis
usually nomold outside(it’ scold, mold doesn't like cold) and
itisreally difficult to measure or decidewhat “more” or “less’
is.

Also, itisdesirableto havethe sametypesof mold
inside asyou have outside and in the same percentages. But it
isdifficult to measure percentagesand even moredifficult to
decidewhenthe percentagesarereally statistically (meaning-
fully) different.

Ingeneral most peoplethink it’ sbad to have moremold
insidethan outsideand to havethisinsidemold different from
themoldyoufind outside.

Risk Areas

(Inorder of decreasingrisk)

Leaky Plumbing

» Don't put pipesof any kindin exterior walls. Not supply
pi pes, not waste pipes.

 Getrid of green board (paper faced gypsum board with
green paper) in wet areas— use cement board.

» Don't ever put water heatersin attics or on the second floor.
Put water heaterson aconcreteslab—inabasement,ina
garageor insideon aslab-on-grade near adrainwith the
floor slopingtothedrain.

* Install acondensatedrain under air handlersto collect water
that dripsfromthecoils. Thebestlocationfor air handlers
isinsidethe conditioned space onaslab near adrainjust
likethewater heater.

» Thesamegoesfor the clotheswasher. Don’t put clothes
washerson the second floor. Those rubber hose connections
areawful. Expect alesk. Drain the water that will
inevitably leak withafloor draininalaundry. Locatea
water shut off for the clotheswasher than can be accessed
easily without having to movetheclotheswasher. Same
thing for thewater heater. Dishwashersleak. Drainthem
withadrain pan. Assume everything canand might leak,
sooner or later.

SiteGrading
« Drain/slopegradeaway from building.
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» Drain/slopedriveways, decks, porches, patiosaway from
building.

Crawl Spaces

» Don't build crawl spaces. If youmust build acraw! space
build it inaconditioned manner likea* mini-basement”.
Insul ate the perimeter with rigid insulation, don’ tinsulate
betweenthefloor joists. Install aseal ed continuousground
cover. Thebest crawl spaceisonefilled with concreteand
calledaslab.

» Don'tvent crawl spacestotheoutside. Sincecrawl spaces
communicatewith therest of the house, treat them as part
of thehouse. They should be conditioned anddry.

Ductwork in Slabs

» Ductsleak. Don’t put ductwork inslabsor under slabs.
Pipesinslabsor under slabsleak allowing soil gases to get
intothepipes. Y ou can never fix them. Inthe summer they
condenseair.

Sand Over Poly Under Slabs

« Don't put sand or peagravel over polyethyleneunder a
concreteslab. Alwaysputtheconcreteindirect contact
withthepolyethylene. Sand becomesareservoir. Pea
gravel becomesaplenum negating theval ue of the polyeth-
ylene.

Insul ated Basement Foundations

* Insulateontheoutsideif possible. If youinsulateonthe
insideuseonly rigid semi-permeablefoam. Don'tinsulate
with“blanket” insulation or polyethylene covered insulation
instudwalls. Thesewallscanonly dry totheinside;
impermeabl e materia s such as polyethylene prevent drying.

» Don'tusefibrousinsulation below grade. Garden apart-
mentsarethebiggest concern. Interior air getsbehind the
insulation and condensesin the summer time.

Leaky Windowsand Doors

» Panflashall openings. For slab-on-gradesdepresstheslab
a door openings.

Interior Vapor Barriers

» Nopolyethyleneinterior vapor barriersexceptinvery
cold climates (8,000 heating degree daysor greater).

» Nofoil facedreflectiveinsul ation ontheinterior of masonry
walls(thisisaFloridaissue). Use semi-permeablefoam on
theinsideof masonry walls.

Lesky Walls

» Drainageplanesunder all cladding systemsinall climates
except with masonry walls(i.e. Florida).

» Twolayersof material under al stuccowalls(foamand a
paper; or two layersof paper).
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* Brick veneersneed through-wall flashing at bay windows.

Leaky Roofs
 Flash, flash and flash. Inspect, inspect and inspect.

HVAC Lesky Ducts

« Don’'t put ductsin exterior wallsor invented atticsor
vented crawl spaces.

» Don't put air handlersin garages. If youignoreour advice
and still put theminvented atticsor ingarages, alwaystest
ductsfor tightness(i.e. test every installation so that it |eaks
lessthan 5 percent of thetotal air flow provided by theair
handler.)

Internally Insulated Ducts (ductboard)

e Don'tuseductboard. Y ou can never clean ductboard. It
getsdirty andit getswet and it growsmold.

Window Condensation

* Getrid of single glazed al uminum non-thermally broken
windowsexcept in south Florida.

» Usedouble-glazed vinyl frames. Stay away fromwood
framesunless clad with aluminum or vinyl.

 Add controlled mechanical ventilationto all houses(outside
air duct toreturn sideof air handler).

* Install fansinall bathroomsandtoilet roomsand vent them
totheexterior.

« Install kitchenrangefansthat are vented to theexterior. Do
notinstall recirculating rangefans.

General

» Usefoam sheathings—they don’t absorb water. Useborate
treated OSB for wall sheathing (not necessary for roof or
floor sheathing) —stay away from CCA treated products.
For treated plates, use boratetreated plates, avoid CCA.
Back primeal wood trim. Seal end cuts. Back prime all
wood based siding. Get rid of asmuch exterior wood trim
andwoodsiding aspossible. Get rid of wood siding unless
you aregoing to back primeand back ventit. Goto
aluminum, molded plastics, fiber cement, etc.

Mold Testing

Don'ttest for mold. If you seeit or smell it you haveit.
Y ou don’t need to know what speciesitisto deal withit. You
should deal with all mold exactly thesameway. Fix thewater
problemthat causedit. Replacethewater damaged materials.
Clean up themold, dust and mold spores.
If for someinexplicablereason you decidetotest for
moldinsist that thereport contains only thefollowing things:
*Who did thetest and when?
*Wherewerethe sampl estaken and how?
*How werethe samplesanalyzed?
*What theresults of the analysisare?

Thereport should contain absol utely nointerpretation.
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It should not say theresultsaregood or that theresultsare
bad. It should not say what moldsare bad or what moldsare
good. It should not say anything except what isnoted above.
Thereareno standardsaddressing acceptablelevelsor
unacceptablelevels. Thereareno standardsthat say thisis
cleanor thisisdirty.

How do you know if you have cleaned up well enough?
Common sense. Y ou can't seethemold anymoreonthe
surfacesthat wereoriginally moldy. Thendothewhiteglove
test for everything else. Nodust. Clean everything elsefor
dust and everything el sewill beclean of mold.

Mold Clean Up

Follow theNew Y ork City guidelinesfor buildingsthat
areoccupied or for buildingsthat areclosedinand have
carpet but are not yet occupied. Read thoseguidelines.

For everything el se, use soap and water and elbow
grease. |fthemold doesn’t wash off of gypsum board,
removethe contaminated area. But, tapeplastic over it before
you cut it out. For rotted wood, cut it out. For moldy wood,

cleanit with soap and water and elbow grease. Do not sand it.

If youhaveto sandittocleanit, it’snot mold, it'srot. If it's
rot, cutit outand getrid of it. Put everythinginplastic as
youcutitout. Don’t carry material throughout the house
unlessitisbagged. Wood may be permanently stained
(discolored) after you' vecleanedit. It thisbothersyou, paint
it with latex paint (becauselatex paint breathes).

Wewant to avoid spreading mol d sporesand mold body
partsduring thecleanup. Think of mold sporesand mold
body partsasultra-finedrywall dust. Keepthedust down.
Keepit contained. Bagthestuff andtossit out. Turn off the
furnaceor air conditioner beforeyou do anything.

For areasthat are morethan 10 squarefeet (approxi-
mately) hang some plastic sheetsto contain mold and dust in
theimmediatearea. Do thisthe sameway youwoulddo a
renovationinvolving lotsof plaster cutting and sanding.
Exceptdoit carefully. Andwear amask. Andusegloves.
UseaN95 mask. Y ou canget it at most homeimprovement
stores.

Tobereal slick, get asmall saw with avacuum
attachment and hang the vacuum out awindow. Or geta
vacuum with aHEPA filter.

Whenyou clean, vacuum everything withaHEPA filter
equipped vacuum. Damp wipewith onetimeuserags. Get
rid of thedust. If you areunsureabout the carpet, tossit out
andreplaceit. Putitinabagfirst beforeyoudragit through
thehouse.

Do not sand wood in an attempt to remove mold: use
soap and water and elbow grease.

BleachisNOT recommended as part of the clean-up.
Why?Remember, clean-up meansmold removal. Toremove
themold, itisnot necessary tokill themold. Bleachisan
irritant to eyes, skinand therespiratory tract (nose, throat and
lungs).

Develop apolicy andtrain your people. Thepolicy
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should haveacoupl eof components:

» How to handle mold during construction beforeahouseis
closed in.

» How to handlemold during construction after ahouseis
closedin but beforeinterior finishessuch ascarpet are
installed.

» How to handlemold during construction after ahouse has
interior finishessuch ascarpet but beforeit isoccupied.

» How tohandlemold after ahouseisoccupied.

» How to respond to customers concernsand questions about
mold.
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