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by Wolfgang Lindner and rom the beginming of human existence, mankind has shared the planet
Garv L. 1loracel: with microrganixzms. We Juve evolved wogether and still interact constanily.
Troy Corporalion* ‘The vast majority of such interacion is benelicial, even essential, 1o the sur-

wival of man. This internction usually goes unnoticed. 1lowever recent news

‘stories aboul Lird Iy, SARS, and bicwerrorisio threary have reminded the

public about thr abundance of microorganisms around v and the relative

‘ease that dizestses and microbial-indnced problems can be transmitled.

‘Recent widelv-publivized information alyoul meld issues in poorly con-

- structed hores and in the flooded homes along the LLS. Gull Coast has
served 1o Dring mold and roildew issues 1o the foreftont of many peoples’
fears. Stories about moldy homes, poor indooer air gualite, and dangerous
blacl maolds growing in air ducts contribute to anxieties aboul microbial-
induded health rizks In our daily environment. Ays a result manataclurers are
cxperiencing an increased demand for surfaces in homes and public build-
ings ter be treatedd inca marmer that comtrols microbial growit on these sur.
[aces, prelerably over a prolonged period of time, Virtually svery manufac-
tarer of surfacing mwaterials and coatings is deternmined (o develop products
Loy meel thiy neeed.

This article covers Lhe applicadon of biocides 1o prevent microbial growth
in and on coating materials, This application falls under the “ireated article
exemption” of the LS Eoviroementat Protection Agency {EPA). Uader this
exemprion, treated anticles, such as painis, are defined under Title 40 of the
Code of Federal Reguladons, Section 152.25(a), and ave exempl lrom regis-
tration even though they contain biocides (o prevent microbial deterioration

Fresented aF the Fedrreticn of Sacieties for Coatirgs Technology's 006 Tulu-eCoat! Corfarance,
Nowamber 1-5, 2005, Mew Orleans, LA,
*& Viza and R4, Tlatham Pack, M. C7932.
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of the coatirg. 17 any health claims
ave made oo implied Gual resall from
using the tweated coating, FPA regula-
dons require the coating to be regiy-
tered as a pesticide under the Federal
Insectiade, Tungicide and Hodenti-
cide Avt {FIFRRA). This latter situation
Implies high cosws and is 1o he
avoided by coating manufaclurers.

L'his article descriles experiments
demonsirating which microbiolog-
twitl and physical propentes are nec-
essary 1o a biologically active sub-
stance to be swccesslully applied (o
voatings under practical {real world)
condilicons.

MICROBIOLOGY OF PAINTS

There is nw disagreement about the
necessity to prevent microlial groneth
in prtints in the wet-state by adding a
proper bactericide This tas 1o be done or pato cannot
e delivered 1o, or be used by, the end customer. As
soon ag e conting flm dries, bacteria ave no longer a
threat and the applied baciericide ceases 1o function. Tor
unpridected imterior coatings in humid environmenis,
fungi and yeast are most often found, while In extedor
situations, algae, cvanebacteria (Blue green algae). as
well as modil sre commeoen paint colonizers. Germinaton
and growh of these ubiguitons omganisms in and on diy
coatings can be inhibited by a proper eead specrmm
Mlon preservitive adapted o the intended wse
Tn mature, fingi grow on soil and plants and like 1o
adbere to dst, soot, and pollen, The ultimate [wingal
source is roling biomass in soil where a complex con-
surtinm of microorganisims is deterioraiing the onganic
rraterial produced Ty planty, animals, and otler mi-
crobes, Depecially in surormer, air horme lungal spore
vomcentrations can be as high as 107 per cubic meter,
and in the direct neighbarhood of freshly harrested ce-
real grain fields, even much higher Airbome microlial
spores and fragments are extreilely mobile and can be
tound all over the world
Fungl griveing om intedor coatings are seeded by
spores trom the ouldeaer sir, which enter mooms
through ventilation ducts, doors, windows, el Tn Tiv-
ing rooms, even the soil in flower pots is a sowce ol
xerotolerant Aspergifiee species. In lathvooms, where
higher temperatanes and air bumidi are fownd, o shih
to fungi with high urease wclivity 5 observed,
Cladosporin sphacrospenmiug and Aspergilluy species are
crummonly [ownd o such situatdons,
While microbes are everywhere in the environment,
they only buve i chance w adhere and to germinale on
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interior coatings i the surlace is hurnid. The different
conditions found at interior walls diclate the growth of
cerlain Mgt sprecies, lilke Padcillim, Aspergiffus,
Dgsartumn, Mucar, and Siachpborns, which are found
more frequently indoors than on exterior coatings.
Weasts are found only in rooms with high humidity ke
bathrooma. |owewer, even in bathrooms, the availalile
water o an interior coaled surface is generally too low
to allow bacteria to grow [see dable 1.

To prrewvertt maold groweth on interior coatings, the rel-
alive air humidivy shonld not excesd 63% O course,
this must be true for all pairts of the room, even for the
area rehind the furniture and along tie relaively cold
exlerior wills. [ wel rooms where moisture s nol eas
ilv conrolled, fungal growth is ofien observed. In food
TTOESSI T ENVITOIITICITS Feast can gitw on nutrient
rich canditioned dirt Tayvers. Tomunately, low dosages of
an apprapriate lungicide are sulficient to keep interior
prints free from fungal orowth.

in general, the moistuze bevel does nol afled hacteria
arowed on clean inlerior coating filims, Growth and swe-
vival is possible In dirt Layers which can retain high
amounts of moisture, Such smface “coaditioning” areas
should be cleaned and disinfected oo a regular basis.
However, microbes living in conditioning dirt lavers can-
nal b inhilited by non-migrating biocides in the paing
film. Bacterial spores, ez, Sacitlus enthacs {Anthrax),
are able to survive for long periods oo sucfaces and can-
oL e killexd Iy permanent biocides incorporated in the
substrate. 1loweeser, they do not germinate on these sul-
faces except in very Tare circumslances (see Figune 1},

Recenily, antibacterial coatings claiming (o offer a
complemenlary appriach to controlling bacterial lesels
in a widle number of instituiional and private applica-
Lion ares have heen emtenng the markeplace in in
creasing number., Predicated on the idea that bacteria
CAN grows oM suntaces n some citclmsiances, anHmio-

Table 1—mMoisture Requirements of Microbes

Malsture mln. Moistere optimum

Micronrganism aw aw
Bartaria .95 =] &0
Yisax L .45 0.5 to .95
Hydrap hilde mcld [EReE 0,85 to 0.9

(8.q., Cleduspana

ENEQFASDENTIN

Alternnmg slternntn,
tochbetias aieg)

Keroshilic mold 0.5
(e, Aspergilius versicolan

O.fh to U.H

) Whawer activiby aesahle wals in g asmia (0wo1),
Male: Wl aclivity amidize which is avzilable 10 micuo gan'sms in o subrzats) s o
nei L r2AteC b Rhe Fir Ly aadilg

tarch 2007 35



Figure 1—5urvival of hacterda on paint films.
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Toherent 1o both types of tests is the

necessily i keep the bacleria aclilfi-
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bial label clairms have to be substandaled by experi
mental data and do nol gualify for the teared article
exemyrivn. Such hypothetical siluatioms are not the
subject of this arlicle.

MICROBIOLOGICAL TESTING OF
ANTIMICROBIAL PAINTS

To cover benh reated anticle-type and anlibaclerial
coating-type applications, wo different general types of
lesting methadology are requirved:

{1} Film preservation to prevent the growth of dele-
tericus mlcrobes an i coating as covered by the wealed
arficle exernption. The target organismy are, in gencral,
different mold species, Recognized Lest methods apapli
cable are ASTM D 3273 (mold chamber test) and
ASTM 13 55%) {agar ditfusion esi), which can be modi-
fied easily 1o special target organisms or applicalion
comeitions, Such test methods are widely kown and
practiced o the industmy,

Established 1est methods such as ASTM L 3590 and
ASTHM T3 3273 can be cormplemented with amnificial ag-
ing prewreatments lilke leaching oy demomytrate long-
termmn efficacy.

{2} Reduction of microbial cell numbers which are
broughit into tight comtact with the coating that aslks for
an active kill effect of the coating. 'largel arganisrms are
mest often potentially pathogenic bacteria like
Staphylococius avrens or Bscherichia voli, respectively. This
application requires dilferent test methods o demon-
slrale am amtibacreriab effecl. Such application is not
covered by the leeated amicle exemyplion.

For the second siluation, the maditional mechod is
derive] fromm the Swiss standand SNV 17514, which
measures the inhilvition of fast growing bacteria on an
agar sutface by baclericides in a paint tilm (see { igwne
2. The method detects cnby misrating antibacterial
substances. The Lest method is suited to simulale silua-
iions such as a suface spoilt with high loads of bacte-
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clally maisl 1y ensure survival of the
inooulum on the blank paint films not
conlaining a biocide. Crideisom of the
test procedures centers on these ardfi-
cial conditions, lack of soiling and ag-
ing of the surface, the arbitrarily chosen contac time of
24 br, and the test temperature af 357 (9571,
Regulatory hodies will question the practical benefits
of antibacterial treaitnenty and a battery of more rele-
vant in-use wests are 10 be developed. Tor example,
whal. is the henefit of having an antiricrobial door
lnob with a baclericide which can reduce the luewerial
count o the surface at 35°C by 2 logs within 24 hr il
the next pemon iy entering only one mimate after the
moculation?

Regardless of the conuoversy regarding anubaclerial
coailings, a real existing need is the prevention of fun-
gal growlh on surlaces in humid interior environ-
ments, &g, laundries, bathrooms, and kitchens.
Lirowith of hmgi on such swfaces direatly follows the
moisture palterns exbilvited at the surface. [n sweh
cages a film preservarive ([ungicide) is vequired. A tilm
[ungicide has to prewdde a2 long-tertn inbibition of
fungal spore germination and growth of {ungal hyphe

Figure e—Grwth inhibizion test far antibacteral paints according to
Swiss, Standard SHY 1%5120. The Escherichia coff colonies are visualized
by a rednx-indicator added Lo the agaw

Girwile o B tab o Agar
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patit fher

Fong af inhilsiony
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The fungicide has v be elfective even in
1he presence of attached rmoist dint {xoil-
ing). To achieve this function, tie biod-
dal active substances must have a certain,
but limited, mobility o the paint Glhin ag
well as extremely high activity As an ex-
ample, mudlern film preservatives, like
Polyphase 678, are (orualated (o have
ne Jetrimental effec on the desived paint
praperties, o et contrbute o the VOO
level, and wr be ellTeclive both for clean
and soiled surfaces.

MOBILITY OF COATING FILM
BIOCIDES

To understand how a microbicide can

Technology Today

Figure 3 -JI5 22801 bacicria kill test. Quaniitative counl af survival bacteria aftor 34
hr contac: time. The bacteria hawve to be kept wet by 3 cover alip to avoid dry out.
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The Inaculats has fo e protactsd fram

protecl a paint film and the adhered din drylng aut

layer against tungal growth, Db Biolog-
val and physical parameters have 1o be
considered.

Actypical paint Glm is a complicated
multiphase system with pigroents and extendens em-
bedded in an organic binder matrix conlaining variable
amounts of paint additives which have a funaion in
the wet paint (for example. theology muodifiers, coales-
cenl solvents, and in-can preservatives to name bul a
few, as well as waler]. Iooa paini Alm with lew PVC, the
migment patticles ave completely enveloped in the
binder matrix aned the surface of the tresh coating con-
sists mainly of the polymer malerial. Ay mentioned ear
lier, fungi which come into contact with the paint Al
have o either adhere dicectly ter the surface or on a dint
layer coating the surface.

Next, every material exposed W environmendal con-
ditiens ends fowardy 2 humidity equilibrium with
the environment which oflen is favoralle for fungal
growth. To inhikit attachiment of tungal cells and suly-
sequenl germinalion and growth, the coating environ-
ment has to hawve a higher level of the lungicide than
the minimal inhibiiion concentration (MIC).
[owrever, this is not the concentration of the fungi-
cide added to the paint, but rather the geaiiable con-
ceneration in the humid layer within which the fungal
cell 1s stated. Inoa coating, the available concentra-
tion ol the lungicide is the phase tansidon equilib-
rium of the fungicide betwesn the organic binder ma-
terial and the exterior humid enviromment where the
Mungal cell exists [Figuee 4).

Such a model can be used W elarify and dispel some
ryths that exist in the industy, some for vears, and
SCMETLE l:]r ITLare: reiEnl \"iflli{g&‘.‘:

L. Awailability al the surlface does not necessarily
mean fast depletion from the paint tlm.
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2. Rioddal actives with high solubility in colescen
solvents like 3 lodpropinyl-N-n-butvlcatbamate (112BC)
do not enrich ar the surlace with the evaporating coa-
lescent as somne have stated,? nor does the coalescent
enricly at the paint surface.

3. Biocidal acrives like Zine Pyrithione {7PT) or 2-
tethoxyrarbomylamino benzimidazole [B4M
Carbendazing}, which o not sasily dissolve in the
coating polviner matrdy, must have an extremely high
adtivily against fimgi to be effective at the localion
where the lungi are thriving.

Figure 4—Awailahle Biocide concentration at the surface af a painl
film strives towares an equilibrun depending on the local concentr-
Hem in the paint Fnder

Biocidas in Paint Films
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Figure 5—Aclivity of BCM and IFPRC in a high PVC coating. The zone
of inhitdtion (200 mn} is a measurement of sctivity against the test
fungus Auvrephasidivg pullelons,

PE 1

[ —s=Hizkz ron1 AP~ == L mem vk |

. T

Z01fmm
o

ag

rgfme

1mg s nf o enaselable hghy 8ctive fike luig cde is eanagh e ahbi e goeh
o Anrsbasiien shaiiinss a0 orly sirecite o e coa. g ot alse i1 iks viciniby.

Figure & —Multilayer Lest design to demonsleate the mobility of active
substances mver the cross section of 2 painl [ilm. Pure acrylic paint
Troy Redipe &8, PYC = 40,
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ara mobide 0 2 oaint i,
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Fiqure T—Mobility of IPBC in a paint film. Note: ANGWA of Lhe zune of
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for the lest specimen with no hiodide, and 0.3% or 4.6% of the bin-
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Yoo Mustrare a recent exampde of one ol the roetbs,
an experinient was published” proposing o demon-
strate tlwe enrichanent of TPRC at the surface of an un-
dercritical paint film [PY0=40) using USCA {electiron
speclmscopry for chemical analvsis and Auger spec-
troscopy). Lhe pubilished elemental composition of the
paint film surface demonsitates nicely Lhe mainly or-
ganic nalure of the surface as expected, The reported av-
crage odine concentimation was 1%, which is not very
Far from cxpectation asquoing the unpublished jraing
eecipre has 40% of 2 polyer ernolyion and the pig-
ments and [illers do not adsorb [PBC. Under these as-
sumptions 4 local concendration of 2% 1B in he
cured bimder com be caleulated.

The prallem is that the DSCA rmshod, with its lim-
ited penetrabilily, is almolutely nnsuived 1o udge on
It cistribution of paint additives over the cross section
ol the paint [m, Only data poins up o a depth of
0,007 micrometer and only at a very lew spots were me-
prrtel, which is by tar nol representative ol the entire
croes section. To put the issue inlo petspectve, it might
br rernembered that the grain size of pigmenrs and
lMers are in the range of 2 Gy 40 icrometers I raint
tilmy. Conclusions that there s an enrichment of IPBC
at the paint swrlace are very far fetched ad not sop-
ported by the cxperimental daia.

Lecause oof such confusion alwoul the chemical medtil-
ity of various (ungicides, experiments were undertalen
tr demomnstrate the necessary activity of the lm Muogi-
cides 11MBC and RCM to be judged elfective, as well as
the actaal disuribution of such tungicides enaer the cross
seclion of the paint film.

iy test the activity of IPBC and BOM, a ladder series
of the active subsiances were incorporated inke a low

Figuie &—Leaching effect per sandwich type. Note: The differcnt
structure of the paint fibm does not nfluence the keaching velodty
from the total paint film,
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binder-containing paint. Draw-downs were made on
Whatman No. 1 filter paper, dried, and leached in tap
water for 24 hr to remove soluble ingredients which
might have inhibitory effects. After drying, the paint
films were exposed on malt agar to the attack of
Aureobasidium pullulans, a typical and common black-
colored paint colonizer. After 14 days incubation, the
test specimens were rated according to ASTM D 5590
and the growth free zones of inhibition (zoi in mm)
were measured in the vicinity of the test specimen.
The results are summarized in

Figure 5 and expressed as amount of
active substance per area unit. An

Technology Today

was applied on top of the base layer (called the top
layer in the illustration).

The first paint film test specimen had a base layer
with no biocide and 0.6% in the top layer. The second
specimen had 0.6% of the biocide in the base layer and
no biocide in the top layer, and the third paint film test
specimen had 0.3% of the biocide in both layers. With
that arrangement, every test specimen had the same to-
tal amount of film preservative, equivalent to 0.3%. If
the IPBC were not mobile in the test paint film, or the

amount of only 1 mg BCM per m? of
coated surface is enough to generate a
large zone of inhibition of 13 mm.
These data demonstrate the extremely
high activity of modern film fungi-
cides. Further, this high activity
demonstrates how relatively immobile
preservatives can have any effect for
soiled coating surfaces.

Why is such high activity neces-
sary? Because only low levels of the
active substances are available in the
humidity layers where the fungi are
growing.

The next experiment was designed
to demonstrate the mobility of the ac-
tive substances over the cross section
of paint films and the availability of
the active substance portions in all sec-
tions of the coating. Diffusion is the
main transport mechanism over the
cross section of the paint film. This
mechanism allows the total utilization
of the applied biocide load in a coat-
ing and describes the long lasting ac-
tion of a film protection with
Polyphase 678, for example.

Troy Test Paint Recipe #8, based on
a pure acrylic binder (AC264) with a
PVC of approximately 40, was pro-
duced. The paint was divided into
three parts: to one part 0.6% of
Polyphase P20T (20% IPBC) was
added, to the second part 0.3%
Polyphase P20T was added, and the
third part was left as film preservative
free. According to the scheme outlined
in Figure 6, the paint samples were
drawn down on both sides of a
Whatman No. 1 filter paper, here
called the base layer. After drying at
ambient temperature, a second layer

www.coatingstech.org
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Figqure 9—IPBC {Polyphase P20T) —Equilibium time three wocks at
&0, Mote: Boual fungicidal effects were found with differently struc-
Lured mullilayered paint films, suggesting the equilibium of the IREC
concentratien wia Lhe rross secton of the paint film within three
wigaks at 47T,

Mating 201 rirg: 210 Vit 2051
Bnoe Layar—.9% PA0y . Hara ava—-Blang Rz Laymr- - 1LG7 20T
Tap Lewar—i.3% F20T - op Layer—o.8%, MEST - Tofs LEgsr—Hleak -

A Fetrtaylesd Lhvaachng Lk el peai]

Rl 0 Pty & i1 Sartrp: L5

Hass Layar—D.3= P20 B Lavgor - Alrnle Fase layar WG PROT
Tap Laye—0.3% F20T - Tep Lays—006% FE0% - T uevae—Elak -
48 hr Lrarh 4B lir Leach 8 [ Lemact

active substance enrdced at the surface with the evap-
arating voalescent, the three differently struciured test
specimens should show dilTerent fungal inhibilion
patterns in ASTA [0 5590, Specifically, the second test
svslem with no biocide in the top layer should be
overgrown by the test [ungi, while the specimen with
{h.6% in the top coat should shosw the largest zone of
inhibltion.

On the other hand, il the [PRC distoibutes evenly in
the polymeric binder by diffusion over the total cross
seclion of the paint film, the three differently Tavered
test specimen showld provide the same resalis

All tests were mun in wiplicate, and other parame-
ters like the equilibrium time and leaching regimes
were investigated as well {data not shown) The da
results wene subjected to analysis of variances
(ANOYAY and il was Tonnd that the ASTa Ty 5590 re-
sults were statistically identical regacdless of the origi-
nal structure of the lavered test specimen. The [PRC
must have been mobile within the cross section of the
paint film and st have equilibrated after the paint
lifom Tavers were dried (Figre 7). Further support of
this condusion was gained trom the leaching experi-
ments {Fignre $), No differences in the leaching e
havier were seen when compicing Lhe Uiree different
mltilavered paint films, The results suggest that de-
pleted 1PRC al the paint surface is gquickly replenished
from the bulk paint Glm.

Rimilar results were obtained with Polyphase 578,
dermonstealing Lhe excellent availability of BOM and

40 Karch 27

IPBE at the paint sutlace [fdgute 9. Burther aclive
Hlm presemvative substances and ditterent coadng sub-
strales were investigated. The resulis will be published
elsewliere,

CONCLUSION

By simple microbiological experiiments according Lo
ASTM I 5390 performed on multilavered paint [ilm
species andd with different Bocide concentration graci-
ents over e cross seclion, it can e demonsirated daat:

o 1PLBC distiibures homaogenously in the painl
bimder

& No enrichment of TPRC at the surface of the paint
il while drviog is cccurring

# |he mobility of IPBC in the binder palyimer is
high and depleted IPEC is replenished from the
bulk

# Lhe migration ol 1PBC ever the paim Blm cross
section is tollowing the concentration gradient

SHMMARY

Adding a permanent micoblocide to a coaling mare-
rial can have two dilferent intentions: an active lill ef
(el o micrabes coming inwe contact with the coating,
and the preservation against paint disfizuring or deteri-
oraling organisms I the second case the microkicide
does nothing but protect the coating againsl coloniza-
tion, while in the first case the coating has to have ac-
tive biocidal properties. These o inlended biodde
uses are treated differently by regulatory bodies, and re-
guine different test methods wo demonstrate efficacy,

Tl antirmicoabials for paints must meet the regola-
tory standards in the individual markets aond most
demuonstrate experimentatly a benefit to the end user,
Caind films in interior enviromments are sulyect of coleo.
nization by fungi and veasts, while bacterla in general
ey most Tingl the comaditioms hospitable for groweth.

Filr peesérving Biocides Toc interior coatings miosd
theretore be etfective with a broad based activiy o-
warrels i and should meer the other reguirements
(or environmentally acceptable paints {especially weco
V). The antimmicreial activity must come together
wilth [avorable physical properties Lo improwve the resisi-
ance of the coating. For a modern zero-YWC painl film
preservailve based on IR and BCM, efficacy and ac-
tive substance mobility data support ihe frvorable real-
world experience. [
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