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nwtimlierobials?

INTRODUCTION

Orver the past two 10 three vears there has been a noticeable global surge
n biocide mamuafacrers’ olaims of *green” products and logos or wade
maines. This has resulled om pressure moro various sources, including the
Lo environmental organizations, and government, as well as the nat-
ural evolution of techinology and marleting, Unfortunately, many claims are
far Mmoo whal can be empirically designaled “green,” which prompts the
question of what should be considered most important fora green claim,
and where should we drw the line? In the comtext of the current article, an-
drmicrebials include the following synonyms o deseriptions: preservatives,
biocides {bactericides, fungicides, and algaccides} and biostis used Tor the
rurpose of preserving the lunclional and chemical integity of suiface coat-
ings in thelr wet o1 cured states—rthis does nod include disinfectants, cecla-
martion aciives, {such as 2.2-dibromo-3-nitropropionamide] or their syn-
UT'I}-'TT'I.*}.

M wodkd Be reasonable to gegard “green” antimictobials as those with most
of the following tavorable attmibutes: {1) low mammalian woxicily (ovtotoxic-
i), (27 loww skin sensitization potential, [3) los eco-toxicity, (41} low bioac-
curiulation potential, [3) losw emisslon potendal during manufacture, appli-
cation, or post-application, {#} no or low VOO content, as applicable and {7}
complele ellectivensess against the relevint tanget onganisims, There are a num-
er ol wavs in which the human or environmental impact profile of a biocide
can be imprewed, bul nid nevessanly wamanting a “green” claim or label. in
oreler [ora praduct  be twoly “green,” there shonld be very significant ad-
vantages ovel casting alternatives when considering Lhe wal or potential im-
pact from cradle (o grave. Merely producing an anmtimiaobial with a faverable
hiunzan and environmental impact prefile which siill destrovs natral re-
sorces during its manbacture o extraction can hardly be considered *gresn”
overall. Fulhermore, many “naweal " alternalives o existing chemistries need

Presented at FalumCoal! 2008, sponsaed by FSIT, dctober 15-16, 2008, in Chicago, IL
“5& Quarry Bd,, Tmmbull, L1 06812,

JCT Cootings Tech



Figure 1—Mesl commanly used in-can antimicrobidl active ingradients

1 surface coatings,
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Lo b wsedd at vastly higher addition levels, which often
megates any Lenelils in applicaton,

Biccides with relevance 100 surface coatings can be
divided into “in-can” bincides, which serve 1o preserve
the integritg of the coating during manulactare and in
its packaging prior io application, and “doy-film” bio-
cides, which serve to preserve the integrity of the coat-
ing ewst-application from fungal establishmend [inLe-
riory or Teom fungal and algal establishiment {exterior).
Because these biocides have different functioms, they
neeel 10 be considered separartely in reletence Lo their
"green” alleilules. Also, it must be considered that any
negative contriburions ol antimicrobials within the
roating system will be relatively minor in Lerms of ihe
entire coating volume; with diy-film biocides being
mere relevant in this respect. Pherefore, emphasis on
reducing any risles during distribution and wse of the
concertated Iriccide is most commeon and relevant.

It is well known, within the existing global regula-
tomy emvirominent, that new or radically different am-
timicrobial chemistries are unlikely to be develnped
because of the enormeots expense of development, tox-
icological testing, and registration {atvirious levels),
resulting in a lengthy returm-on-investnent widh linle
benefit to the manulaciurer. Therefore, most manufac-
turers have concentated on ﬂndjlﬂ-:; corabimalions of
acceplable existinmg chemistrics and al-
tering anv adwerse atueibuies that the
avtive ingredients might have, or re-
moving (or reducing) organic sal-
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proved human and/or envirenmemtal fmpact potential;
these, in themselves, previousty being regarded as
“greener” allernatives. Those corrently used by surfice
coatings {and their relevant conslituents) ave given in
Figure 1,

Sormes of the atributes with televance 1o "green”
claims {or single-component in-can antimicrolbial
agents are given in fables 1 and 2. None of the most
common in-can biocdes exhibit bioaccumulalion po-
Lenlial, and their mnmalian tosddties in consumer
products would only be applicable upon ingestion
{aned will be low), Sldn sensitization potential is, how-
evel, relevanl and deserves special considerarion.
Consideration should alzo be given to lung-term expo-
snre andd any carcinogenic assodations, as hax heen im-
plied [or lormaldehyde.

All of the compouwnds Tisied are readily soluble or
miscble in water, with the exceplion of 1,2-benzisoth-
inzolin 3-one (BT}, where the solubility will be inilu-
enced by [low] pll, and thus rermoveal, dilution, and de-

Table 2=—attiibutes af Commun Tr-Can Antimicrobial Active Ingreaients
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Figure 2—Minimum inhibitory concentration assay {MIC) values of B1T, MIT, and a 1:1 ratio of a
MIT/BIT combinatian producl anainst varads spailade microarganizms.
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contamination is relalively easy in all cases. o most
surface coatings, 5-chlore-2-methyl-1-isothiazolin-3-
ome (1T, 2-brome-2-nitropropane-1.3-diol (BNED),
and some tormaldehvde donors have lower relative sta-
bilities. and thus their longevity in use is vsually signil-
icantly shorter thian MTT ang] BIT.

All single aclive migredienis lisied in lable 2, with the
exception of CIT/MIL, have incomplete microbiclogical
activity spectra, or require relatvely high amounts of
active ingredient in order 1o provide complews preven-
tion against microbiofogical contamination and
spodlage, Tt iy impovtant, therefore, from a “green” pser-
speclive, (o consider the total amount ol hincde {in
ppm} in the tinished product w put any {negative) as-
pects N0 PeTspecive,

MAKING EXISTING IN-CAN
ANTIMICROBIALS ‘GREENER

There are a number of ways in which existing an-
timicrobials on the marlet can be *improved” from a
human and!or enviranmental impscl pecspective. bort
example, BIT, onece formulated only in glycol, is now
aviilable as o water-mischle allaali salt or as 2 waler-
dispersed micro-emutsion. The rediction in YOO of
such a BIT-based biocide can, therefore, be very signifi-
cant. Although this can be regarded as a stepr fowards a
“oreen” antimicrabial rom an environmencal perspec
tive, the human impact potential remains vnchanged--
thereloreg, the “wreen” claim is, at hest, only parctial.
lurther steps can be made to make this BI1 “greener”
Far example, combining an additional active ingredient
with BIT (swehoas M1 resulis ina combination prod-
uct having up to a tour-fold reduction in total active in-
grecient requitement {as a result of the synergy inan-
Limicrobial aciivity). Examples of the synergies that
result are given in Figure 2. The combination with an-
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Msevudomaonas and thelr van-
ands {Figure 2.
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Biocides Tised parely on
CIT/MIT in an approximately
3:1 ratio have proven to be
very eflective, Tl hawe potential [or skin-sensiibabion il
used at high encugh concentration, even Lthough ower
the last 10 years the Jewels of sensitizing impurites have
Been vasily recdluceed. The relationstips hebween “sel-alT
sensitization levels versus practical addilion levels for
CIT/ MIT are given in Fignre 3, and are compared with
those of The MITYBIT combination previoushy dis-
cussed. Ve advaniage of the MULTEIN combinalion over
CIT/MIT in this regard is very clear, witlh MIT/BIT hav-
ing a 16-Told dilference versus a roughly feo-fald dil-
terence Lor CLI ML
‘There also have been more recent advancements in
formaldehyde-donor chemistries, where newer vatiants
wilh vaslly lower [ree-lormaldehyde levels have been
developed, such as temamethylal acetylene diurea
{TSATYY This molerule emits significantly lower levels
off Mree [ormaldebyde than s predecessocs and can,
therefore, be regarded as a "greener” altemative,

Fgure 3—3et-ofT sensilizaiion levels for MITBIT and MITACIT versus
practical in-use concentration.
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Mo "green” in can amtimicrobial solution would be
complete, however, wilthouwl some inpat or effon on the
[t af the coatings manwfaciurer. 1L is ane thing eo-
abling combinations of various active ingredients 1o be
used at lower addition levels because of smergy or ad-
tlitive: effects, but we must not [orgel that changing a
preservative sysiem will usypally require consideration
from mote than one perspective. It i3 important to con-
sidler the point of biodde addilion during mmnalactare,
that the eeplacement is suitahie for the purpose and is
compatible, and that a facility 14 checked for its micro-
binlogical condition, Mercly substiiuting one hiocide
for another when problems ocour usually is nol the so-
lution. since the underlying cause might still exdst re-
gardless of any idealistic *sibver buller” biocide being
Incorporated. Where hiofilms or pooly managed wash
water inventories exist, baclerial tlerances can be de-
veloped, resulting in spoilage post-manafaciure regand-
less ol Lhe Biocide being used, Requirements exceeding
750 ppm active ingredient

-1,1 wimzthylurcn; 1ring aes 2-mart-h mda—inc-s-rtbudame an-G-methylthz- 1,3 5-0daz and, colipupegl-N-01, 1-dimethyhethyly o

Figure 4—Reduclion of solubility expressed as retention of free (F) and
protacted [P) OIT within a paint film following & and 12 moepths” ex-
teror cxposure in Euope,
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ferr single-component bio-
cides (eg., [ormaldeliyede
donors and BIT) have been
recorded in onr laborate-
ries, which is significanty

Figure 5~ [a) Retentinn of pratected zing pyrithiane [ZnP(F] versus free zinc pyrithiane [ZnP{FY] in four
different coatings following two and three years extarior exposure and (h) retention of free divran
[Chwren (FY] and protected diuren [Buron {F]] following twe days leaching for four different coatings.
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Figure —-Redurtion in ecotod city (Algal EC,) of protected (P) versus
froe {F) terbutiyn and divrgn algaecides. A higher concentration sig-
nifies Lower ecotosicity.
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commonly used [ungicides and alpaecides in suclace
coatngs are given 1n Table 3.

[y filim binddes are tpically used at a higher addi-
tom levels [in papro] than in-can Bocides, thus enhane-
ing any potenlial impact. As is evident Trom Table 3, no
single active Ingredicnt has the versalilily o provide
universal anti-fungal and anti-algal protection at practi-
cal wddition Jevels, and all ol the active ingredienis
listed have some property which has soune environ-
mental, buman exposure, or technological /functional
Tmilation. Hewewver, as was (he case for in-can biooides,
any funcional limitation can be resolved by combining
move than ene molecule together which may have sym-
ergistic or adiditive advantages. Also, it is generally un-
derstond that many adverse eflecs of single aclive in-
gredients are concentration-dependent, and could be
resolved by commbining multiple actives.

Figure 7—(a] Reduclion i cyloloxicity (mammalian) of free {black line/dot) and protected (gray Line/triangle] OIT
wsing the 3T3 neutral red uptake assay [n-witra). (b) Graphic representativn shewing the significance of the recec-

tinn in mammalian cytotoicity of protected GIT.
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Figure &—FReduction in emission of protected OIT (F) versus free OIT
[FYin twn tests, following 24 hioand sis weeks’ post application in a
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Figure 9—Improvement in W stability of protected OIT (FY versus free
OIT {F) in two paints fellewing exposure to 250 and 560 hr QUY.
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MAKING EXISTING DRY-FILM
ANTIMICROBIALS “GREENER”

One of the genetal properliss recquired by a dos-film
biucide (particularly for exterior applivation} s low-
waler solubility wo prevent the biocide from being
leached oul of the Tley e quickly, As a result, it comes
as no sWprise that most dry-lilm Bocide active ingredi-
ents were originally distributed in a non-polar solvent
or glyeol. Owver the years, “greener” versions of these ac-
tive ineredients have been made available oy stable wa-
ter-based dispersions or micro-emulsions. Although
these coulid be regarded as improvements, they remain
tar from “green” since mosi wsaes lie with the active in-
predients and not their carriers.

More recently, the development of "prolection” tech-
ncdogies (o aetive ingredients [including various forms
ot “encapsulation” and other “retardarion” technigues)
have enabled the next generation ol “greener” dry (1lm
antimicrolvials to be intoduced, Apart from the obvi-
ous advantages of prolecliog agauinst exposure to a high
concentration ot the adive ingredient all at ance, there
are oflen lerhmical advantages assodated with such de-
velopments. in lfacy, special protection technologies can
mmprove all but one negative aspect of the molecules
Tistexnl in Takle 3—that being the biocidal activie spec-
L, Llowever, as previously mentioned, intelligent de-
sign of combination antmicrobials can easily eliminale
that aspect. The velease mechanisms of protected active
ingredients (rom their repositories may be varable, de-
pending on the technologles employed, and the resulis
in prriclice may Jiffer, Framples of advantages ol vari-
aus prolecied actives are given here:

(a] A reduction in selubility usually resuits, extend-
ing life-expectancy in the coaling, and in some
vases enabling a significant reduction in active
ingredient requirement [ Figeres 4 and 53,

(B} A reduction in environmental impact, with
loweey immediate levels of active ingredieni Treing
available at any ane time (Henre 6],

(o] Lower macimnalian toxicity, Figuere 7 shows the
dramatic reduclion in cyloloxicily of protected
ONT versus free OIT [up o 608} Another advan-
Llage wiruld be the reduction in potental expo-
sure durng or post application ol the coating,
whirh iy particulady relevant for interior coal-
ings {Figwre 8).

(d} lprovement in LR stalilily is a techmical bene-
fit uf some types of protection lechnology, (xar-
Licubiarly withy relevance to THCOIT and OIT
[Figuire 93, as is the reduction in discoloration
(enential for active ingredients such as vine

Wy coatingstech.org
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Figure 10—Reduction in discoloration (Delta B value} when using pro-
tected IFBC [rmod) warsus free TPAC [free),
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[rerithicsres amdd IPRC (Fignre 107, This turther ob-
viates or deceeases the nesd lor additionat TV
stabilizers or oxide salts to lessen such elfects,

Other benefits of protected actives inchide Tower
veler-Torming evential, lesser effect on the coaling sys-
Lem wiscosily, and cedueed adverse film effeces, such as
challdng,

Ny attemnpits to improwe the impact profile of any ae-
tive ingredient will be acceptable, nor complete, unless
proof can be lurnizhed that the eficacy of the modified
antimicrobial{s} meets the requirements ol their in-
teneed funetion and many tials have been conduced
demonsirating thelr filness o purpse, Up il oo,
the benetits of removing unwanted cormpowinds Mrom
antlimicrolyial formulations and the enoimons benefils
of redueing exposure I combining existing active in-
gredients, as well a3 moditying or proteciing them: (I
encapsulation or simmilar means) o minimize any of
their negative polential exposure alttibuetes, has mosved
formmulation of antdmicrobials to the next, "greener”
level. Mol ooy has this provided the intended benefits,
but has given many consequential lechnical benetits, as
previensly shown, While all this can be considered de
lilrerate moverment ina green direction, what is re-
garded as green today might oor be regarded ay green
tomiamow. Howeyer, It can be argued thal huge sirides
have been made as par of nommal product develop-
ment or progression, and increazed awareness ol rele-
vanl atrilutes (as discussed) will enable readers com-
ing across green claims o disiingrsh for themselves
how “green” the development really is, and whal is just
"green advertising.”
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