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he synthesis and molecular suructure of 2, 2-dibromao-3- oitrilopoepion-
atende [L2BXN1PA} was reported by Iesse in 1896, but its antimicrobial prop-
pribes were not discovered until nearly 50 years later, The DBRNPA molecals
wgs croploved initially only as i seed (ungicide,” hat was linler used as a

slunicide in pulp and paper and in cooling water applications.” More re-
ceitly, its use as an antimicrobial agent has expanded into enhanced oil re-

covery and into agqueous metabworking Muids
DENTA is a powerful biccide with two unique properdies: o kills micro

Sarganisms immediately upon addition and it degrades rapidly. Although

DBNPA is compatible with many chemical classes, including oxidizing
agents, it will reacl resudily with nocleophilic agenws and sullucconmtainiog re
ducing agents. The facile reacion of DENPA with sulfur-conaining nucle-
ophiles commeon to microonganisms, such as glutarthione or cvsteine, is the
basis of its made ol anlimicrobil action. DBNPA s thereliore not a typical
exidizing or halogen-releasing biocde, Unlike other thicl-reactive biocides,
its action is such that thiol-based amino acids, like oysteine, are oxddized be-
vind the formation of disulfide species. This reaction ireversibly distupms
the [unction of cell-suwface components, Intenupting transporl across oell
membranes, and inhibiting key biological Amctions. DENTA degrades tap-
wlly by both nudeophilic and hydeolvlic pathways 1o relatively nowloxic
prodocts ™ Lhe rate of hydrolysis of DBNPA is strongly pll-dependent at pll
6.0 and 25 C, the DBNTA molecule has a hali-life of 153 hours (about 6.5
tlays), Tl al pI 1 &0 and 25°C, s hall-lile 1s aboul twe hours, The ultimale
degradation products of DBEMNFA are ammonia, carbon dioxide, and bromide
iom.

DENTA, when loroalated s 3 20% solulion in water and polvethylens
glveol, iz completely miscible with water and readily disperses upon inue-
duction into a water-based systern. The DENTA moleule begins functioning
ay an antiricrobiad agent immediately upon invoduction inta w system; the
rate of this acllvity is not affected by pll and antimicrobial conured is usually
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Figure 1A -Efficacy nf o 20% DEMPA solution

wash water over seven days.

in contaminated paint
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Figure 1B—Efficacy of a DENPA solution in cantaminated paml wash
weater during the first four hours after treatment.
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achieved helore complele degradation ocours, The
combination of instanlaneaus anlimicrobial activity
and rapid chemical breakdown makes DBNEA 2 cosl-
ellective Diocide that swiftly degrades in the environ-
ment,

DBNPA AS A “QUICK-KILL" BIOCIDE
AND SHORT-TERM PRESERVATIVE

These bwo complementary propenies can be ex-
ploited when DBNPA is used as a quick-1611 hiacide
and shom-term preservative in water-conlaining svs
tems thal requine microbial contol, For example, a
200 DBENPA solution is ideally suiied for treatment of
waste water generated during the manufaciure of painl.

Wiint manulaciurers routinely recycle and store paint
processfwash water Lo wse as iike-u)y water in futme
hatches of paint. As paint companies become meore

conscivus of their water use, they discard less and less

during their manufaciuring process. Tn the Tast 10 years,

the National Paint & Coatings Associatinn (NPCA) has
recoEnized many paint mamafacuirers with Pollution
Prevention Awwacds, honoting companies’ outstanding
effomts to protect the environment. The collection and
reuse of all wash water used 10 rinse paint mixing vats
have been emphasized as crucial 1o achieving environ-
mentally responsible production. This wash waler oon-
tains 4 high conceniratiom of paint solids and is usu-
ally heavily contaminaled with microorganisms; it
st be decontaminated prior to it re-inteoduclion
inlo the paini-making process, DBNPA quickly and
economically reduces-miicronrganism vounts in the
wash water, preparing it for re-entrv into the produ
Lo cyele.

A seven-day siudy examining the effectiveness of a
20% sohution of DBNPA in painl wash water deter-
mined thal concentrations as low as 375 ppm {75 ppm

as active DENPA) conlrelled microorganism growth for

the: duration of the test, The process water samples at-
rived m the laboratery contnminated, with organism
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counts of 3.3 x 10 Filty-gram samples were weighed
into screw-cap jars and wealed with a 20% sohotion of
DENTA (50. 125, 250, 373, or 300 ppm as product).
An additional, untreated sample was used as a conuol.
Samples were sireaked on Tryplic Sov Agar (TSA) plates
at the start of the study, and again alter 4 honors, 24
hors, 48 hours, 4 days, and 7 days, DBNPA [as a 200
solulion} concenloationg of 50 and 123 ppm did net
recluce the bacterial populadon cover the conmse of the
study. Concerarations of 254 and 375 poun ceduced the
contamination (o below the level of detection in 4 he a
concentration ol 53¢ ppm required only an hour for
the same reduction. A minimuwm concenteation of 375
ppme DENTPA {as a 2004 salution] was required to
maintain bacterial conuenl for seven days [refer to
Figures 14 and 1B).

DBNPA FOR TREATING CONTAMINATED
RAW MATERIALS

Most water-based lousehold and indusirial products,
rapging from lamdry detergents to adhesives, are lormu-
lated wilh a preservalive lo waintain quality for the lite
of the product. The final formulaton should be free of
dangerous contarmination upon packaging, and Is ex-

Figure 2 —Efficacy of a 20% DBNPA solution in g conlaminated surfac-
tant =olution over sewven davs.
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Figuire 38—Efficacy of 2 20% DEMPA salution in contaminated latex
ovar seven days.
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Figure IB—Efficacy of a DBMPG solution in contaminated latex during
the first 24 hours after freazment.
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pected to remain preserved for g period of time despite
repeated microbiological insuls. |lowever, contaminated
raw imaterials, such as surtactants, latex, or mineral shur-
ries, may stress the preservative systern in the (linal lor-
mulation, resulting in spoiled or etherwise adulterated
product Mathematical models predice thar TENTA solu-
tions will work efféctively in sysiems where blocidal ac-
vty s recjuired only brielly {(lwours rather than days or
weeks)” Because the initial demand for TRNPA may be
instantaneows and considerable, IDINPA provides only
shortderm hiocidal aclvity in heavily comtaminated sws-
Lerns. DBMEPA therefore effectively decontaninales raw
materials prior to their introduction inle a lormulation
without diseupring the chemical balance of the final
product, Longer-temn presemvation, howeser, may require
the imtroduction of a slower acting preservative after
trestting Lthe material with DENTPA,

A seven-day study where @ 20% solution o BN
(25, 50,7040, 200, 300, 400, and 300 ppm (nowe all
concentrations as prodict) was used to treat an agueous
surfactant solution contaminated with microorganisms
(1.8 = 10° CEU/mL) indicated that significant reduc-
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tiomy in (he organism population were observed with
refatively Lo DENTA concentrations, This sty was
comducted using the same prodecel as thal described
for the sty with the painn wash water samples, A
20%: [BNPA solution, added at a concentration of 200
prm {40 ppin active TIBNPA) G the contaminaled su-
tactant sohotion, dropped organisim counts o below
the deteclable limit within 48 hours. and maintained
Lthe integrity of the solution for the entine seven day
study, A slighthy higher voncenuration, 300 ppam {60
ppm aclive DBNPA], reduced organism coumnts 1o be-
low Lhe detection limit within 24 hours, and con
trolled the organism peymilation for the duration of the
study [Figure 2. Siendlady, treatment with a 2044 soho-
tiesrs oof DBNPA reduced counts in contaminated Tatex
{5.3 = 0% CTU/mT) A 20% solution, added al a con-
centration ol 300 ppom, elleclively killed most of the
microerganisms atter 24 hours, while 500 ppm
achieved the same goal after only live Tumirs (reler 1o
Figures 3A and 3.

When lower concentrations of DRNTA are used in
certain raw materials, like lales, roicrobial regrowih
sometimues ocewrs. This regrowth is most likely the re-
sull of incomplete Kill of the organisms already com
taminating the material. An insulMivienl concenlralion
of DIBNTPA will lemporarily retard microbial growth,
bul rebound will accur as the molemule breaks dowen:

A 2000 sohition of DBNPA also worked well in two
different mineral sluries. In a neutral titanium dioxide
slurty, a DBNTA solution comeenitaion of HOD ppm
{100 ppm active DENEA) reduced counts to below de-
tection limils alter 24 hours and a concentration of
1000 ppm {200 ppm active TXENPAY redueed counts o
the same levels in Tess than two hours [linkle 1],
Although an alkaline caldum catbonate slurmy provesd
muore challenging to decontaminals, a concentration of
AQD ppm (A0 ppm active DBNEPA) achieved greater
than a three-log reductdon within 24 bours, The speed
and persistence of this redaction was ireproved as the
concentriation of DBNEA was increased. l'or example, a
roncenLation of 500 ppm (100 ppm aciive TRMMAY
teduced counts within 24 hours and mainined the
redueed] counis (or al least 96 lowes [Digere 4).

Table 1—Efficacy of a 20% DENPA

Solution in a Contaminated Titz
Dioxide Slurry

OBHPA Concentration

{ppm ac groduct) Microorganisn Counls (CFU/mL)
1.25 hr 24 hr
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Figure 4—Efficacy of a 20% DBNPA solution in a contaminated calcium
carbonate sturry over seven days.
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USE OF DBNPA TO RECOVER CONTAMINATED
FINAL FORMULATIONS

Paint companies that manufacture interior and exte-
rior water-based latex paint primarily for large commer-
cial and government applications often formulate and
package their products in sizable lots. Additionally, be-
cause some raw materials—particularly clay and cal-
cium carbonate slurries—may be added directly to for-
mulations with little clean up or antimicrobial
pretreatment, the long-term preservative can, at times,
be overwhelmed by existing bioburden. Periodic micro-
bial problems are therefore not uncommon.

Paint formulations are typically preserved with a sin-
gle preservative at a predetermined concentration. If an
exceptionally large bioburden is present, insufficient
preservation may lead to bacterial contamination in the
paint. Bacterial contamination alters the character of
the paint by causing viscosity loss and unpleasant
odors; in addition, bacteria generate gas as a waste
product which may result in bulging or exploding cans.
Spoiled paint unsuitable for sale must either be re-
worked or discarded, which are expensive, time-con-
suming, and wasteful processes.

Routine pretreatment of raw materials with a solu-
tion of DBNPA decreases the demand on the long-term
preservative system, resulting in a cleaner, less contami-
nated final product. The “clean” paint formulations can
then remain adequately preserved with a suitable long-
term preservative. Fewer contaminated paint batches re-
duces the need for product recall and rework.

Once DBNPA has been used to clean up a raw mate-
rial or a formulation, the reduced bioburden may alle-
viate some of the stress placed on an in-can preserva-
tive, allowing the preservative to work longer and more
effectively at lower concentrations. A preservation pro-
gram that includes DBNPA may improve the quality of
raw materials and final formulations, increase the shelf-
life of paint formulations, and lower overall production
costs.

www.coatingstech.org
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USE OF DBNPA TO IMPROVE THE EFFICACY OF
CONVENTIONAL LONG-TERM PRESERVATIVES

When used in combination with a DBNPA treatment
(20% active), long-term in-can preservatives preserve
paint longer and more effectively. A standard latex
paint formulation was treated with one of several in-
can preservatives, either alone or in combination with a
20% solution of DBNPA. The preservatives tested in-
cluded 5-chloro-2-methyl-4-isothiazolin-3-one/
2-methyl-4-isothiazolin-3-one or CMIT/MIT (1.5% ac-
tive), 1, 2-benzoisothiazolin-3-one or BIT (19.3% ac-
tive), and 4, 4-dimethyloxazolidine or DMO (78% ac-
tive). After the addition of preservative, the paint
formulation was inoculated with a concentrated bacter-
ial cocktail (~1 x 10° CFU/mL). Samples of the contam-
inated paint were analyzed after 2, 4, 7, 24, and 48
hours and after 7, 14, 21, and 28 days.

The activity of CMIT/MIT, BIT, and DMO was en-
hanced when used together with DBNPA (note that all
preservative concentrations are given as product and
have not been adjusted to account for the concentra-

Figure 5A—Improved efficacy of CMIT/MIT in paint when used in com-
bination with DBNPA over 28 days.
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Figure 5B—Improved efficacy of CMIT/MIT in paint when used in com-
bination with DBNPA for the first 48 hours after treatment.

9.0

8.0

il
=
7.0
6.0

=
E
5,
—4— 1700 CMIT/MIT
2 50 =B850 CMIT/MIT
3 —6— 850 CMIT/MIT/125 DBNPA
¥ 40 —A—125 DBNPA )
g
- 30
Z20i
|
0 |
|
0.0 — -

0 10 20 30 40 50 60
Time (hours)

February 2005 41



Figure 64— Improved efficacy of BIT in paint when used in comlina-
tian with DENPA over 21 days,

LT — — - —
EE| |
fr -1 l
5 e ——1ms 3T
=X | =z ET
= 42 —— ik 5 Tren DEH A,
o —i— 35 [RRFR,
oo
1
anf
1K
a
o — ———————
n o g B d e K
Tt {IEHIrs)

Figure §B—Tmproved ellicacy of BIT in paint when used 0 combina-
tion wilh HEMRA for the first 48 hr after treatment.
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tion of the aclse ], When 1235 ppim TBRPA was nsed
with CrILMIT, the required concentration ol preserva-
tve dropped from 1700 prirm Lo 350 pprn | Figlres 5A
atwd 5B, Similatly, while 1500 ppm ol BLL was needed
for preservation when the product was used independ-
enlly, ondy 375 ppm was required to mainiain the 3.0
log kdlk for 21 days when used with 230 ppin of DBNEFA
{Pigurem 6A and 6R). D80 was eflective at a indoinom
cancentration of 1230 ppin, but when combined with
125 ppm ol BBNPA, only 50 ppm was requited Lo
mainiain the 7 log kill tor 28 days (Deures 74 and 7R).
T all three cases, DBNTA ax a co-preservilive resulied
in comparable efficacy with considerabily lower concen-
warionsg of the primaly presenalive.

CONCLUSION

Economic Benefits

Treatment of painl taw marerials oo farmulalions
may feduce microbiological treatnent cosis by as
a8 30 o1 40%. When conlbonted with mloobial con-
taminalion, manulacturers cfien employ the product
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Figure TA—Tmproved efficacy of OMG in paink whan used in combina-
Lian with DENPA avor 2B days.
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Figure TB—TImproved efficacy of OMO in painl when used  combina-
Lion with DBRPA for the first 48 hr after {reatmaent.
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used [or long-termn in-can presecvation. Because a long-
ferm preservalive 1s not desizned o act guickly, unusu-
ally high concentrations may be reguired to contril the
contamnination: use ol a long-term preservative in this
mAnter can evome exprnsive. Because the DENEPA
molecaie works quickly and at low concentrations— -
achieving complete kill long belore a conventional pre-
servalive—it s [ar less expensive to wse. [
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