;e3et<.j6 Ttlsj) *@00002* 1 28 February 2002 METHODS AND COWVPQOSI Tl ONS
FOR CONTROLL NG ﬁlluﬁmwmmwmgl NG SULFAM C ACI DS The invention uses a

sul fam c acid or of to'inhibit bacterial adhesion to

subner gi bl e or subnergee-surfaces, particularly those surfaces within an
aqueous system The invention also relates to nethods andw for

control ling biol g. Mcroorganisns adhere to a wde variety of
surfaces, parti cm@“@m E“‘ mp
provide a suitab

es in contact with aqueous fluids which-
nment for mcrobial growh. For exanple,

m croorgani sns are KA to adhere to ship hulls, marine structures, teeth,

nmedi cal inplants, cooling towers, and heat exchangers. Adhering to such

subner ged or subrrergi bl e surfaces, m croorgani sms may foul the surface or

cause it to deteri QUETHODS ANDCOMPOSETIONS RORMCUONTROEEINGK, pets),

m croor gani sns adher ed t BIOFOULRNE USENG SIFAMIOaadDy probl ens. Pl aque,
for exanple, results from m croorgani snms adhering to the surfaces of teeth.

Medi cal inplants with unwanted m croorgani snms adhered to their surfaces
of ten bec%emshmm@r and nust be replaced. Scientific studies have
shown that t | ener al | y
the formati oﬁ%ﬁbé’nﬁ’%ﬁéég%‘?&rﬁupﬁ8g(r§pl§ E%%%’?%§9%%§§?gﬁ6§°§ﬁgf aces, i,
e., surf acelmegjiseduimerpéibsuniicosopisticiaslyahose Mrfmedmﬂgn amacamdxs(sg:&tam zi ng on
a subnerg surface, r ms such ct er.i r, |y thought
o Torm ¢ b EMER e Taeres  FopiPad SR 1 oo ascioloeh JREs: of ¢ he
mor e comlw%mnprgam sns that nmake up the advanced bi of ouling of
t he agueous stemand Its subnmerged surfaces. A general review of the
mechani sns  o¥iicrensganigmsradhere & awidsiveristy of susfacesepariigularky susfpagg in dontapiwittoul i ng
IS given k del s"
(in Ml o, Qﬁueggs ﬁw&%@? ﬁh#‘bvﬁﬁ Oggg?dr%g?l{ R%IBMK& T@%@ie?gn% orﬁlrlfoﬁé |1é<\é/gce acrd
Technol ogmiciérEahifs arSdmows to ddbere ds sHip hlAtsptnamb stru@Bref;dbath) amedicAlifiplants,
S5y 5 Aiing e Bea 5 P St R RE s PR by ol B L0
Appl . Envmaﬂorg%xﬁhﬁhiajbfoulﬁ%s(:rfd&?ﬁ):axﬁart?&detéﬁor&durrphr| es et. al., FEMS
FENS

M cr obi ol ogy. Ecol o 1986).,299-308; and M Hu ,
M o obi ol ooy EPBHY (5. higers) INGHoG Peisb A TOUERH oS 8 bIFEes Mool | ng,
IS a per sijgtehealtt pfoblings. Plagae,T6F Sinple, fésﬂﬁsqﬁ)rﬂﬂﬁdr&irganﬁns adhering to the

surfaces of teeth. Medical implants with unwanted microorganisms adhered to their surfaces

often become crusted over and must be replaced.

Scientific studies have shown that the first stage of biofouling in aqueous systems is
generally the formation of a thin biofilm on submerged or submergible surfaces, i.e., surfaces
exposed to the aqueous system. Attaching to and colonizing on a submerged surface,
microorgmﬁshs such as bactetia, are generally thought to form the biofilm and modify the
surface to favor the development of the more complex community of organisms that make up
the advanced biofouling of the aqueous system and its submerged surfaces. A general review
of the mechanisms of the importance of biofilm as the initial stage in biofouling is given by
C. A. Kent in "Biological Fouling: Basic Science and Models" (in Melo, L. F., Bott, T. R,
Bernardo, C. A. (eds.), Fouling Science and Technology, NATO ASI Series, Series E, Applied



aqueouys systens. Biofouling, both m crobiological and nacrobi ol ogi cal
fouling, is caused by the buil dup of m croorgani sns, nacroorgani sns,
extraeel l ul ar substances, and dirt and 'debris that become trapped in the
bi omass. The organi snms invol ved include m croorgani sms such as bacteri a,
fungi, yeasts, algae, diatons, protozoa, apd nmacroor gani si28 Febriary2002
macr oal gae, barnacles, and smal'l nollusks |ike Asiatic clanms or Zebra
Mussel s. Anot her obj ectionabl e bi of oul.i ng phenonmenon occurring in agueous
systens, particularly in aqueous industrial process fluids, is sline
formation. Slinme formati on can occur in fresh, brackish or salt water

St Sl 5. FATKIBNS Blod BB PRl NEASARGR 348 chhber s and

debri ringy, t api oca- and have

a chaliggh@rd éfdré‘ncekl ﬂﬁﬂﬁermbn@tcﬁaoandtmqt Lbé&b dwp? Erfivont MlEPo%fbi‘tNO(fl 9hop
aqueous systemin which it fornmed. The nlcroorganlsns i nvolved in slime

for na167dﬁf M. dlymphriesiet.yal. dFEﬁ@rMMO@p@[KV@gOW§ dl%%][)mmf alftljﬂjM o whi ch
ecr oPbrgaitie? ph it EhE et oek L s EF IO I ese " he cel 1o S ime ¢
mi cr 00T GRMESITR %mog,@fdapmuﬁgﬁgqg)egam sfsht RAfshREd Ghpr u§51b3{%%@@ﬁ vhtiBlorol the

nol d type, yea yeast sns. BI of

degr adqeocas systpnen UBiofyudingnbothmmyicrobivlbgisal mdmdci‘otaelogwaafd\rh‘hg, i9laweabl ens,
such gs | 0ss of VISCOSIt gas formatj on, A ctionabl e odors, decreased
pH, cBY &he butldupef naweogémsrrﬁgm%araap@m exfracgilyacspbsiangess Andireaiide ous
syste I PEd6 I may

i ncl ugkms?tor ex%ﬁ%%b bécl%o%e Bﬁfr})a\%\g rrlésHe %q%u £1¥§g{1@gxﬂ(ﬂg§é’§lﬁ(§&%¥@§&g

pi pel suimas taewiia rmngyyéasnﬁs alga«;rd:mm&g)rsmbag nmd nmcbargiﬁﬁsms bWehlaar syst ens.

28 Februa 2002 -3 Biofouling can have, a direct adverse econom c i npact
when mac sbwa%d@m%ll me%&!@é%wveawwla%w &styapviassels: cool i ng wat er s,
metal wo t uch.a hose
used i n o sbidtaRanie bigthilfle shEROREM Pl A S Ok TR PR c o
foul i ﬂgaqifeouMaﬁgtﬁalaﬂrows@ﬂeﬁﬁ il Foiadtion (Stintefoemutibh ci 6608 PRA! at i ons,
| owering process efficiency mastlg%1energy plu glng t he mater-handllng
syst ehfaclssh oeseéhweregﬁmq@rﬁamwﬁ ofiatiqdslepesitigf raicreqseanismas, fibees

573" SR HAGH, WnBPRE LD Peley, RS tafhe 1HACHL it MU n crangetorinic.

enco Uﬁﬁdﬁsxr@bl@ baod thadis diffdreetiom ﬂtalt botRrRaqRE@RBySER iaWHish ReBrmhéd MO0l i Ng
towers as wel| as waterborne organisns fromthe system s water supply

co mmmlsroemmamﬁ paxcdvediastimg fomeafipnaye pemarilyrdiéleriit spedies of speredymmings
gener 8:‘é' Gt g%aﬁéﬁgl}a?{‘ém&h%ﬁg ﬁ&ﬁ'fﬂmxé & ba%[ RO S5 Aerobic
and he IO pIC or gani sns ouril s e towers. er organi sns grow in

and c gélaﬁhcns sabstinces das emeldf@ dnoygerths celfs, Stinpeinicresrgahizais absdhdoder s, etc.
I f not_controlled, the resulting blofoullng can plug the towers, block

pi pel filpsaentonsbagtstie, fHamentops et ef @‘GF’F‘&@W@%M%?@PQ“&“&TQWWM ot her

bi ol ogi T, r Q i ci ency
and, pefl?ﬂlaprsl&m ’r‘teahlldr}%gtg %‘? gét a%pa?‘rhe eas ceg,gg ﬁ'éh&gs'?gslﬁg#?ﬁdﬁ%v;e raﬁlﬁpﬁ{;f; ocess.
b ndpﬁib\lenad smqswvwbmqtgag forRiatibgwhjdttiondle ol 6re| debeeas r@diemg, the
manufacture of pul p, paper, paperboard, etc. and textile manufacture,

part i ebengel andigelling. | ditioratlywdegsedationof pe gquepNs S¥stem ¢as ICP‘FS&IfOlflmﬂc}Lféb@s

gener al,l irculate | unts e itions which favor
e o aer ang Bt g SRR FncBlac! e SallCLodi ROl oR Byt it
very é}@é}ﬁﬁgr 8| aHdPIpedibed\deing fYstehi] §dikl£lﬂﬁg @gt&ﬂmﬁdrbmlshﬁ@brs érhe wat er
systens he furni sh toa paper machine typically contains only about 0.5%

of fibrous and non-fibrous papernmaki ng solids, which neans that for each
ton of paper al nost 200 tons of water pass through t he headbox. Mbst of
this water recirculates in the 28 February 2002 -4 white water system
White water systens provide excellent growh nedia for biofouling

m croorgani sms. That growth can result in the formation of sline and ot her
deposits in headboxes, waterlines, and papermnmaki ng equi pnment. Such

bi of ouling not only can interfere with water and stock flows, but when

| oose, can cause spots, hales, and bad odors in the paper as well as web
breaks--costly disruptions in paper nachi ne operations. Biofouling of
recreational waters such as pools or spas or decorative waters such as
ponds




or fountains can severely detract from people's enjoynment of them

Bi ol ogi cal fouling often results in objectional odors. Mire inportantly,
particularly in recreational waters, bi'ofouling can degrade the water
quality to such an extent that it beconmes unfit for use and nmay even gose a
health risk. Sanitation waters, like industrial process waB&ebryany 2002
recreational waters, are also vulnerable to biofouling and its associ at ed
probl ems. Sanitation waters include 30ilet water, cistern water, septic

wat er, and sewage treatnment waters. Due to the nature of the waste
contained in sanitation waters, these water systens are particularly

troat o BietoiPe el bRtk ¢ Bect Sy RNl Rbm Y Bl LA itblfhrS i indfifeb ol 1 onally
conceptgcads Waterssforekhmple ih Godling watrsgment Werking fldids, éhharecitdulsin

bi of oul i ng organisns. See, e.g., U S Patents Nos. 4,293,559 and 4, 29S, 932.
For exataplspstems sdr asrthosgasedincpappmoakinger textile mamufashye nldwt wontolidde gas

have | png .been .adde 0 ter systens to kil ar, inhibit the growth of

bact eL’}oi‘?g“F"ﬁ ﬁ@lf‘}nga?fga@ﬁaf oV Aters sap inerdtre Vﬂhb%ﬁ‘?f’?ﬁ@?e%wég dowering o i ne
conpo : %&{@@e i i f
aq Hgogg&gi/ss@frm{é%gﬁé%’ ﬁ\é&%ﬂn y a s‘:g @egg{cgttﬁémﬂah&%%(ggi{gciﬁ?gﬁ ?gé %1{,%}?1%%% ré;bl e

subst prodast qualigf.f | uent streans, such as carci nogeni c chl oronet hanes and
chlorinated dioxins._ Certain o

rgani ¢, conpounds, such as .
met hy| erkasiesamplse gealingavater Styﬁﬁeﬂ’gé‘ls Wdi"g@,r Pﬁﬁ%fﬁ%‘&ﬁ%ﬁhe’ﬂﬁ@ Blgater nary

anmon| : HREE ﬁﬁﬁ% \ﬂgq ; uary 2002
-5 thgggbgé}iéagl%?g&g?ﬁ@g’n ‘?{r’:‘“ﬂ‘"“l’pf’ g mngr Oohg%tﬁ@ncgﬁétrpr Pﬁ%’lglﬁg ng their
gr owt Brobidigy ARborak sfgahsnis@ntrained filoar ¢oling towdrs aR vl a3 Watgbsmeor ot her
non-target organi snms. One possible way to control the biofouling of aqueous
syst eprganigpisdrom the ygent'iwatgs supplygasamaen|y centganate these aqueoyp sYsEme t o

preve i.nhj bjt 9@ j i i.thin the
aqueog‘is‘cg{*}ts é‘?r%"lpallh S %%%@%%ﬁé%ﬁ%?ﬂg? Q%%%?egg%&r%é?’%gm%ﬂ@ro ??ll es whi ch,

howevV efgani3fi’e Airbbic ahd héliotfopivorgaiiemeflodish id ithatbwans. aQther oipahisasgoabove.
As an_alternative, the present inventjon provides nethods and conpositions
usef uinang colonize:sichareay as theitpwer s, pmelincss et sxehangersecteyBriatged or

subrer ai. bl f . f N1 [ LQf ' systens. The
inven%tﬁd%g\wg{%gﬁpﬁgﬁgog%%@gég{%?%ﬁQ?L%g%?%gg%ﬁéehﬁ advant ages of
t hi s heacaRinsfensufdces with tayeragfslineindfotisnbiologiadhaty Dhis pheveagropdrcat i ons
and appended c| ai mrs. SUMVARY OF THE | NVENTI ON The jnvention relates to a
met ho@perations edwces enaling efficiency and dpeehaps gnare igpatanilys Hicrmagesdhe cagte of The

met hogd. _c C he submergi ble surface with an effective anount of ,at

I eastﬁlgr?g'géagérgcn%sg' aci d orga salt thereof to inhibit bacteria from adhering
to a suljamagisllrocessdsanbjectkbdicfuliimyaleo imclude papamakinghthenrirusttinesoft he
following formula RRilIS(Q2(OH). -In this forpula, R apd R2 are,

i ndepBwaepane;, paperppardogierand extile aaguinciys, PIRISHIRTt wateklaid BORSIKAVERyr oup.

However .t R ~and, J ] %1(0,1.',}4 I R2 toget her
wWith t "|elel§f n@?galfls%%%rﬂ%g %%S?@%%gg@ﬂg@g%%%yc I cér‘%fr% ral\ﬁ;llIa %rg t he
f or nuberdiions which favior the gra@tiFeftbiofouling6paniss) n t he heterocyclic ring, X is

O, NH, or CH2. The dashed |lines indicate that the group X may occupy
di f f er erRapgowiachines; forrexamples handle wory hrge velunes of wafes dn repigulafing sy stesRs

rel ate lSQ .10 met hod of ontrollj L.Qfouli . yst em
Thi o FRloa it ulte ARG, Bhe, SRR R pAlte BaPhiBl el s ¥omy ' ST
sul f apise, a£fibhous ai& hbkLBGrows pFermakingablids, Mbictmhedr thatfobédchhes bepagerf r om
adhering to subnmerged surfaces within the aqueous system This nethod

ef f ecalmet 0@ tomsof vatdsipassahrough th headbax. Mbsirafilis avatsr rreirquiates intthe bact eri a.
The invention also relates to a conposition for controlling biofouling of
an aqueous system The conposition conprises at |east one sulfanmic acid or
a salt thereof in an anount effective to inhibit bacteria fromadhering to
a subnergi bl e surface or a subnerged surface within the agueous system p~f
Al LEI D DESCRI PTI ON OF~' HE | NVE | ON '




I,n one enbodinent, this invention relates to a nethod to inhibit bacteria
from adhering to a subnergible surface. A subnergible surface is one which
may be at |east partially covered, overflowed, or wetted with a |liquid such
as water or another aqueous fluid or liquid. The surface may be
intermittently or continually in contact with the |iquid. 28fehruany-2003
above, exanples of subnergible surfaces include, but are not limted to
ship or boat hulls, marine structuresd4-teeth, nedical inplants, surfaces

Wi thin an aqueous system such as the inside of a punp, pipe, cooling tower,
or heat exchanger. A subnergible surface may be conposed of hydrophobic,
hydr opQjlth at systBialWhike Watef 5ystdnss provide ekedRASlowih H;%uﬁgfoﬂbﬁ)%\gﬁ@‘ ¢ acid
or salt thereof according to the invention can éeffectively 1 nhibi T bacteria
f r om anii@ponggnismsh Ftatggrbwih can fesultinghé farmation ofiglin andcotheshdapogitdine or
subrerged surfaces, To inhibit the adhesion of ,a bacteria to a subnergible
sur f acg?dbwswwwewngW%W%?@tt#@%%?@&@% netonly canintesfre aci d
or sal},. f ' t j f PV of a

ot  any A U stidk sty B6Epheh 1601, B sl MBI, AT KBOBTRAE 0T 7
Febr uapaper 89l b @ieb bteaks-ocdstiidisriptivng iropar@a fiashina 8paationk. t 0 t he surface.
Preferably, a sulfamc acid or its salt is applied as a pretreatnment of the
subner gi B%Ixefosxung et eecpaationalwaters svwaly asineglsi of spas erfleeerative yatessisuchiias pends ani ¢

acid or_salt.thereof e lied ko % boer gi ble,surf . using nmeans
nown' T epigin 2ah SRsrelE et BB DA Cont S mS PRI, R Gibo Biesies o
sal t tReeh tiBfal dABts. qﬂb&wﬁamy;Earﬁ@aﬁﬂwgr&ieaﬁbﬂalvweﬁshﬁomﬂiﬁgce
with a liquid Tornulation containing the sulfamc acid or salt thereof.

Al t er neami degrade thénwaterfaality ¢o sushansgxtegtithat it heeands unfly faraust endunaytevan i n a
paste which i t.hﬁn spread or brushed on the subnergible surface.
Advant%‘&é@“??@,‘"ﬁ e sulfamic acid or salt thereof may be a conponent of a
conposi t isaRitson WhtaH Rk RIAuSBATIBLSSs Wakks Mhd Rcrealidia Wattr&larS MgEr 9i bl e
surface. "Inhibiting bacteria fromadhering” to a submergi ble surface neans

t o al | 'oMnerabledmbiofoulingsingritsfassartatediproblemso fSapiaticarwatbrsdudlude wilef waten
desired period of tine. Prgferabl , e%lien i al no bac eriﬁéﬁadhesi on
occur sSSSHRT YR SpRUS BHEh ) S?‘Vagestyeﬁf‘“é Nakers- Phe o, ths mature oT g asteni ¢ aci d
or sal dorkdigéERf saffidiReaesMlesHwatkt Soteaiy dfe paticlilafly shddep@hlk td 6RMuIRCt eri al
adhesi on and may be determ ned by routine testing. Preferably, the anount
of sul f affioccoatrobbiofouding the lactrhas traditienallystreaied-an effestad watengystom with| east a

llecul ar f.il.m of sul fani i It th f to th i bl
ur § acehendein ioqitesin e atfapS Sibeftor {1l ok RED it g LR Face.
Cont ackibhfhiling SrRmRmt, HeR, é?.r, BS PatdricdNSs. A8 F30559Cand &, 10509325 Atdr ekdtfipieOf

according tothis nethod all ows the surface to be pretreated agai nst

bact eré¢hdoringigessind hypoghienitgisalytipns mpade with thegasihaye lnagdsen addeddowratir a
sul fam c, aci d salt .t hereof .then subnerged in the.agueous system The
ot es ot af fojeif B8 ety of BRertiR dhbel igp ebf BT P RISHR oul | ng of an
aqUGOU&ﬁﬁaﬁ%ﬁ.nHo%v&%ﬂGHﬁe SYBHSURAS HHYriot BAly WimagB matdries astdgerdef | Ui d or
0

liquid w ng through the system but "al so the subnerged surfaces

associ cinstiugtianpftaqueaissystams Jheyrmay alo seact aithorganicsith demn ynddsirable i n
contact .w th the ueous fluid or liquid. Ljike the sub i.bl e surfaces

26 Fanbitayosn SRkt d<earns Sirt ssaTIoEatp rElosme B 2L SRR RA AR ar e
not |i@j : WAL o AR Il's of a

cool i ngbﬁag?@g}é@aﬂé%%}g %ﬁélﬁﬁ@ﬁ@??ﬂ%%ﬁ\?ﬁ?ﬁ%%ﬁ& e?g%hé%hort , surfaces
i N conhalodrganitd) ahd quatgrnaousmirioniuth surfactagts, Hawr dscbdeneised dWhilefmagofand ar e
consi dered part of the agqueous system The nethod of the invention adds at
| east one sulfam c acid or salt thereof to the aqueous systemin an anount
whi ch effectively inhibits bacteria fromadhering to a submerged surface

wi thin the aqueous system At the concentration used, this nethod
effectively controls biofouling of the agueous system w t hout substantially
killing the bacteria. "Controlling biofouling” of the aqueous system neans
to control the amount or extent o f biofouling at or below a desired | evel
and for a desired period of tine for the particular system This can
elimnate biofouling fromthe aqueous system reduce the biofouling to a
desired |l evel, or prevent biofouliag entirely or above a desired |evel.
According to the present invention, "inhibiting bacteria from adhering"” to
a subnerged surface within the aqueous system neans to allow a scant or
insignif cant amount of bacterial adhesion for a desired period of time for
the particular system Preferably, essentially no bacterial adhesion occurs
and nore preferably, bacterial adhesion is prevented. Using a sulfamc acid
or salt thereof according to the invention can, in many cases, break up or

. - - s L v I T .,




above certain threshold | evels, sulfamc acids or salts thereof effectively
i nhibit bacterial adhesion at concentrations generally well bel ow such
threshold |l evels. According to the invention, the sulfamc acid or salt

thereof inhibits bacterial adhesion without substantiall y killing the
bacteria. Thus, the effective amount of a sulfamic acid or28fgbruany-2002f

used according to the invention is belowits toxic threshold, if the
sulfam c acid or salt thereof also -528 February 2002 -9 has bi oci dal
properties. For exanple, the concentration of the sulfamc acid or salt
thereof nmay be ten or nmore times belowits toxic threshold. Preferably, the
sul fa i o rgani sns

ahi on s A5 iRt ih RGP i doinsios SOiRGF g AT IS b8 IRY

t her epé to»@éonahamfﬁlub@mﬁfans,lahﬁﬁm @raﬂiedﬁoxatargalotganim eof, may be used to
control biofouling in a wide variety of aqueous systens such as those

di scussdanapessible War tecaiiobthediefpulinaaf agneouscustemas which indudd thei t ed to,

d | , d |
uootisogtel HHEDeRe AT AR S FbrRlel R PRSI T Bl &5 beone. avat ems
are n&hﬁhe g&{ Lﬂrﬁﬂeé With#Sthe QRIS WAL, €TTis Cn Ee doreNbPéRurs okinp9 Water,

effluent c ing water, and recircul ating cooling water), and other
r eci r micrabicidgs wdtiel, hewsVangcmmd:lbl saffert fhars soms of theranpamtagés mentimned ext il e

manuf cture Sanitatjon a eous systens {pclude e water, systens (e.g.
st A ETtvarThe MFPH MR SOOI drs faiods 834 Comepsiions YRl fo and

wat ers&l{s%h M?B&E@‘hal G&hedion téﬁ\[éﬁﬂﬂ rFE&Hf rSbRIEiBde and'fn™M NG pool s,
fountai ns, decorative or ornanental poo onds or streans, etc., provi de
ex arrpd:cﬁﬁroiﬁng‘ biofaiing of atjuegas systays t'ﬁwanvémmn@bf/mtds |th&3dlaadmntageé oiépriml fam c

acid or salt the of to inhibjt bacteria from adhering to a subnerged
sur f a@gtl}oﬁs w%cs QEBR‘%W’WWPW} ﬂ?c%ﬁﬁWPé?“ta@ﬂgﬁ &9 thee aqueous

' sys ‘ﬂ{)%g’ﬁ%(féq idifdg, conditions for mcrobial growh, the extent
of an XIS |ng oul'tng, and the degree of biofouling control desired.
For a particular applica )3 e may be determ ned by
routine tesU@% of various anounts {)or to treatnent of the entire

af f ect edheyinyemiionrelaigs fp gethogto é‘#‘l"é& acfrafior agherngdoiasubmergibleous system

;nra)c/m:a ou f%%out ta%%Otﬁpart %glre%%f?gﬁﬁg?ehh% aqueous systgges‘r?r:c e[rﬁbly

sul f asnecsudfants acid os alsals thehenf éoinhibigHaoteeid fiam adteripg ¢s e sobmengtbie safachave t he
foIIovvlng eneral formula R Rz i and R - are,

i ndepEhei@pianyc agidyised pybig meth @%&%W%ﬁ?ﬂ%@@%ﬂ@ﬁ@*ﬁ K thig oup or a
cyclo f 2 Bt ol g foobRta O hmq%gg%rzb Iy, R is a
CS- CZ%WL P‘g’#&;b{p%hgl %e@g a}R%y 5 2 Q or i's an a group,
it isgioupf Ho&&dvyr &'and R? areaidt}abﬂlgwdtqun nﬁﬂ@matmélwl&bmd Rhto@gﬂlen@wrth al kyl
group, and nost prefer ny a G.Z a TB!H group may be bound
t hr ou@ﬁ%%@#ﬁoﬁg’r’méér ““gll%ﬁr‘ﬂfé%l‘?ﬁngﬁgwgg f% an The al kyl group
may contain carbon- carbon double or triple bonds and may al so be branched
or unbranched. Alternarively, R _and Rz together with the N nmay also forma
5-8 menbered heterocyclic rlng:‘navmgwheforrrula .- . t; ~1 In the
heterocyclic ring, Xis O NHyor CHjy The dashed | i nes |nd| cate that the
group X may occupy different pgsitiong in a particular heterocyclic ring.
Preferably, the heterocyclic ri’ng.-Ls«'S- or 6-rnenbered ring. Specific

preferred rings include norpholinyl and piperidinyl. Specific preferred
sul fam c acids of the above formula include butyl sulfamc acid,




compound (a); anyl sulfarnic acid, conmpound (b); octyl sulfamc acid,
conpound (c); dioctyl sulfamc acid) conpound (d); dodecyl sulfam c acid,
conmpound (e); didodecyl sulfam c acid, ‘conpound (f); octadecyl sulfamc
acid, conpound (g); dicyclohexyl sulfam c acid, conpound (h); marpholino
sul fam c acid, conpound {i); and piperidinyl sulfamc aci j

Sul fam c acids or salts thereof useful in the invention are avail able
either commercially fromchem cal sugply houses or nmay be prepared from
starting materials using well-known |iterature nethods. For exanple, a
sulfamc acid or salt thereof may be prepared by the 28 February 2002 -L
1 fol i . } i 1SS JoPNUIT . I t . sucRk, as THF,
and ol BeefERERE ing S B0NuL 5r Chs = Phe BtnidifkelhdicdR e adHF & By e
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evapor aflihganvention selptes alse tae mgthed foncantrolingduefouling of heaquedupsgystérht r at i on
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sulfamc acids can al so be used in the invention. C acids are
anphowighindhe aqueeus sysiinbi Thisadthatéfficotivelyadohtasls bigfodjrey witlaut swestantihillygl v,
t wo talxﬁestﬁf sulfam c acid salts can be forned: a salt of the acid noiety
and &idingithepagleria.hasi ¢ or nitrogen noiety. Salts of the acid moiety
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above,,: .k rding to the invention may be part o f an overall
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a desired period of time for _the particular system This can be elimnating

t he rhvédrenbobien hxdsophilicpprapeialiic sybmargible gr shsresd suscestyueous systens. The
sul fam ¢._aci.d. sal t. i i nvention
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r el atgBnlefribleGARROS With AulFRicRcii fidsaht thetbdfarmhe safdhek iocomatttd Wigr#of The
conposi tion conprises at |east one sulfamc acid or salt thereof in an
anoureffesfifesmpyrt afa sutfhinkd acidersalirthereof, onmaineraf sylfamicacyisionsalis bl e surf ace
or a subnerged surface within an aqueous system Wen used in conbination
wi th another water treatnent chem cal such as a biocide, the conposition
may al so contain that chemcal. If fornmulated together, the sulfamc acid
or salt thereof and water treatnment chem cal should not undergo adverse
interactions that would reduce or elimnate their efficacy in the aqueous
system Separate formulations are preferred where adverse interactions may
occur. Depending on its use, a conposition according to the present
invention may be prepared in various forns known in the art. For exanple,
the conposition may be prepared in liquid formas a solution, dispersion,
enul si on, suspension, or paste; a dispersion, suspension, or paste in a
non-sol vent; or as a solution by dissolving the sulfamc acid or salt
thereof in a solvent or conbination of solvents. Suitable solvents include,
but are not limted to, acetone, glycols, alcohols, ethers, or other

wat er - di spersi bl e sol vents. Aqueous fornul ati ons are preferred.
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The conposition may be prepared as a liquid concentrate for dilution prior
to its intended use. Common additives such as surfactants, enulsifiers,

di spersants, and the |i ke may be 28 February 2002 -13 used as known in
the art to increase the solubility of the sulfamc acid or its salt as well
as ot her conponents in a liquid conposition or system su@8Eebraary2008ous
conposition or system In nmany.cases, the conposition of the invention may
be solubilized by sinple agitation. FMGS or fragrances nay al so be added
for appropriate applications such as toilet waters. A conposition of the
present invention may al so be prepared in solid form Far exanple, the
sulfamc acid or sal]t thereof may be fornul ated as a powder or tablet using

means thasednto; ighibHdnigraorgapism adhesiondo thesusfass. Frafesably, g sulfamie aeid @irjitsent

known _j.p. t hes. ef i [ [ h ol oring agents. and
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Sul fam c Acid: D sso amne in dry solvent, such as
an i cmaydielformnuiated in a pastgwhidhyis theinl spread ot bowshad arcthe submesible dwfaeh t hat t he
nol ar ratio of acid:apne is, 1:1 fter the reaction \3?3 conpl,ete, solvent
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t hen | ty] < 1l ¢ . Synthesis of DQdec~l

Sul fa%%%ogﬁo%ﬁﬁgggé %ﬁ@%ﬁ%&%@&?@%ﬁ%ﬁ@m a round bottom fl ask
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chl orosul fonic acid .1 nol), is added dropw s 28 February 2002 -14
?nsijgnit?cant amount o(f%acterial a%ihes?on fora degredpperios of time, Preferablj}i

essentially no bacterial adhesion occurs and more preferably, it is prevented. The amount of
sulfamic acid or salt thereof employed should allow only scant or insignificant bacterial
adhesion and may be determined by routine testing. Preferably, the amount of sulfamic acid
or salt thereof used is sufficient to apply at least a monomolecular film of sulfamic acid or
+ salt thereof to the submergible surface. Such a film preferably covers the entire submergible
surface. )
Contacting a submergible surface with a sulfamic acid or salt thereof according to this
method allows the surface to be pretreated against bacterial adhesion. Accordingly, the
surface may be contacted with a sulfamic acid or salt thereof then submerged in the aqueous
system.
The present invention relates also to a method for controlling biofouling of an aqueous
system. An aqueous system comprises not only the aqueous fluid or liquid flowing through

the system but also the submerged surfaces associated with the system. Submerged surfaces

are those surfaces in contact with the aqueous fluid or liquid. Like the submergible surfaces



with stirring to the chilled solution. The resulting product, dodecyl
sulfamc acid, is then collected by filtration, washed with water and dried
in an oven. EXAMPLE 3: Testylethod: The followi ng nmethod effectively
defines the ability of '"a chem cal conpound to inhibit bacterial adhesion,

or attack the formation of existing attached mi croorgani s28 Febnuamy200@s
types of surfaces. As an overview; bioreactors were constructed in which
approximately 1 in. x 3 in. slides (glags or stainless steel) were fixed to
t he edge of the bioreactor. The | ower ends (approx. 2 in.) of the slides

di pped into a bacterial growh medium (pH 7) within the bioreactot which
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Pseudormpnas were isolated ftoma paper mll slime deposit and maintained in
cont i nuéia significant peyind of Bme. o gani sms were separately streaked onto pl ate
count agar % Uit Aidsbt SaftOthe %éf& Exhibifbl dd%é&%ﬁlyﬁc%ﬂééﬁ%uﬁ
portions o o onles were renoved and suspended I n sterile water.
suspensiabove éttain threshdlddevals, salfamivradidsor ealwcthembﬁd’fdcnvdy inlgibicdatteriainsi ty of
0.858 (Bacillus), 0.625 (Flavobacterium, and 0.775 (Pseudormnas) at 686
nm 23dheﬂwmwnmuoqsasﬂep@!lm‘vﬁ lmeémuéﬁqhdhreﬁ@@é?ﬁe&fm qfegﬂllnago f our

separ at %%Q above.
Chem ca?s g\eatﬁé é‘?ﬂ@@ia %glt sper sat{%%&egl%g{‘ﬂergigﬁ‘%qr epare as gystack
sol ut i ojlfif tli@bdct&am'ﬂhub'&hﬂgﬂ'@dﬂvhamowm(ﬁ‘ra sulfami@acid opsat eof usgt hanol

m xture (ac/MeOH) as a solvent. A 1.0 aliquot of the stock solution was

added t @ccardingito thainventionds hyomaép&m@veﬁmm,llﬁ@sﬁglfmmﬂ er saltj therepgalsarhj s
provided an initial concentration of 100 ppmfor the test conpound. One

bi oreactor (Control) contains no test conpound. Aliquots (0.5 nm) from each
of the three bacterial suspensions were then introduced into each

bi oreactor.. The bi oreactors were then provided with continuous stizring for
three days to allow for an increase in bacterial population and deposition
of cells onto the surfaces of the slides. Hvaluation of Results: The
foll ow ng conpounds were eval uated using the procedure descri bed above:
butyl sulfam c acid, conpound (a); anyl sulfam c acid, conmpound (b); octyl
sul fam ¢ acid, conmpound (c); dioctyl sulfamc acid, conpound (d); dodecyl
sul fam c acid, conpound (e); didodecyl sulfamc acid, conpound (f);

di cycl ohexyi sul fam c acid, conpound (h); norpholino sulfarnic acid,
conpound (i); and piperidinyl sulfamc acid, conpound (j). After the test
was conpleted, the slides were renoved fromthe bioreactors and were
p05|t|oned vertlcally to pernlt a|r drylng The degree of adhe5|on of
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28 February 2002 -17 0 = essentially none 3 = noderate 1 = scant 2 = slight
4 = heavy Chem cal treatnents were evaluated relative to the Control which
typically receive an average score for the four bioreactor slides in the
3-4 range. Conpounds which receive an average score in the 0-2 range were
consi dered effective to prevent the adhesion of bacteria 28Fehruan2802ged
slides. The results are shown in-the follow ng Table I. 28 February 2002
-18 Table I: ConpoundSol vent Conc. (ppr;rb_M C pH6 pH8SIides d ass or

SS* Scor eaAcet onel 00- >500d asslaAcet onel 00>S00d ass2aAcet onel 00-

>500d ass2aAcet onel00- >S00d ass2bAcet onel00-- >500d asst bAcet onel00- -
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100SS0. thetedt sharile hld0 nbhrm i3l dgations M%JIHQ}' bd Pres 3% theaqueous
system.

A sulfamic acid or salt thereof, or a mixture of sulfamic acids or salts thereof, may be
used to control biofouling in a wide variety of aqueous systems such as those discussed
above. These aqueous systems include, but are not limited to, industrial aqueous systems,
sanitation aqueous systems, and recreational aqueous systems. As discussed above, examples
of industrial aqueous systems are metal working fluids, cooling waters (e.g., intake cooling
water, effluent cooling water, and recirculating cooling water), and other recirculating water
éystems such as those used in papermaking or textile manufacture. Sanitation aqueous
systems include waste water systems (e.g., industrial, private, and municipal waste water.
systems), toilets, and water treatment systems, (e.g., sewage treatment systems). Swimming
pools, fountains, decorative or ornamental pools, ponds or streams, etc., provide examples of
recreational water systems.

The effective amount of a sulfamic acid or salt thereof to inhibit bacteria from adhering to .
a submerged surface in a particular system will vary somewhat depending on the aqueous
system to be protected, the conditions for microbial growth, the extent of any existing
biofouling, and the degree of biofouling control desired. For a particular application, the
amount of choice may be determined by routine testing of various amounts prior to treatment
of the entire affected system. In general, an effective amount used in an aqueous system may
range from about 1 to about 500 parts per million and more preferably from about 20 to about
100 parts per million of the aqueous system.

The sulfamic acids or salts thereof employed in the present invention have the following

general formula R'R?NS(0),(OH). In this formula, R' and R? are, independently, a hydrogen,



" Mninmuminhibitory concentration (MC) for each conpound agai nst the
bacteria E. Aerogenes using an 18 hour Basal Salts test at pH 6 and pH 8.
*SS=St ai nl ess st eel 28 February 2002 -19 EXAMPLE 4: The test nethod,
construction of bioreactors, bacterial growh nedium preparation of
bacterial inocula, and biofilm production/chenical testin@8iFebruary28082 as
outlined in EXAMPLE 3. , ;~,yaluation of Re,~ults: The foll ow ng conpounds
were eval uated using the procedure desgpi bed above: butyl sulfamc acid,
conpound (a); anyl sulfamc acid, conpound (b); octyl sulfamc acid,
conmpound (c); dioctyl sulfam c acid, conmpound (d); dodecyl sulfam c acid,

ol g " cBipen aﬁygé’%%ﬁﬁwia%f B eBier BHECTRANI At bt Byipbenor phol i no
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or der t BratbRbb IR 3134 By Hbeaiot gprrQ%dﬁe't R gHEh arergrind shrogner Eut e
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The sli wer e ning tap water, care

and agaiaﬁdﬂiabr(amd)etbraﬁuhl’eddfunlﬁrwdlﬁﬂght The degree of bacterial adhesi on
was t hen detern ned uantitafiive nethod of eval uati on. %antl tative

net hod of élﬁeraatmbh %‘fﬂnﬁé%tt@g‘?@ﬁf witihthe Nomay also Serm a §18 grembsred hieteserysgliel t he

pair of St?xra l slides corresponding to each treatnent were placed
each in"Pg % 10 nL et hanol (technical) to renove the crystal
viol et staini ng the ceIIs attached to the slides. A1 nL aliquot of the
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crystal violet ethanol solution ,ebt ai ned in each Petri plate was
transferred each to a test tubeswith 9 of deionized sterile water ( 1/
10 dilution). The blank for calf ?(bratl ony of the optical instrument used for
the eval uation was a solution of“l_rnk- of ethanol in 9 nL of deionized
sterile water. The absorbance (ABS) of each solution was determ ned using a
spect r ophot onet er 28 February 2002 -20 (Spectronic 21, Bausch and:Lonb)
at a wavel ength of 586 nm The inhi biti on of bacterial adhesion (IBA) was

5004 BAE el i R0 OTIH, B i ek HR TREL el haRE oo x iy
50% BA oc&dpydifferent positions in a particular heterocyclxc ring. Preferably, the heterocyclic rmg
is 5- or 6-membered ring. Specific preferred rings include morpholinyl and piperidinyl.
Specific preferred sulfamic acids of the above formula include butyl sulfamic acid, °
compound (a); amyl sulfamic acid, compound (b); octyl sulfamic acid, compound (c); dioctyl
sulfamic acid, compound (d); dodecyl sulfamic acid, compound (e); didodecyl sulfamic acid,
compound (f); octadecyl sulfamic acid, compound (g); dicyclohexyl sulfamic acid,
compound (h); morpholino sulfamic acid, compound (i); and piperidinyl sulfamic acid,
compound ().
Sulfamic acids or salts thereof useful in the invention are available either commercially
from chemical supply houses or may be prepared from starting materials using well-known

literature methods. For example, a sulfamic acid or salt thereof may be prepared by the



49 - 30% BA = noderate ~29 - <29% BA = noderate Conpounds whi ch receive 50%
| ~BA or greater were considered effective to prevent the adhesi on of
bacteria to the subnmerged slides. The results are shown in the foll ow ng
Table 11. 28 February 2002 -21 Table I1I:

ConmpoundSol vent Conc. M C Sl i desScore (9% BA) (ppm pH6 28 February 2002
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described, it will be understood, of_ course, that t{he invention is not
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York; 611-614 (1968).

Salts of sulfamic acids can also be used in the invention. Sulfamic acids are amphoteric,
i.e. exhibit both acidic and basic properties. Accordingly, two types of sulfamic acid salts
can be formed: a salt of the acid moiety and a salt of the basic or nitrogen moiety. Salts of
the acid moiety (referred to as “acid salts™) include, but are not limited to, alkali metal and
quaternary ammonium salts. Salts of the basic or nitrogen moiety (referred to as
“quaternized sulfamic acid salts”) have the following general formula: R'RZR3N*S(0),(OH)
where R! and R? are as defined above and R is, for example, a hydrogen or a C,-C,, alkyl
group, such as discussed above.

The methods according to the invention may be part of an overall water treatment
regimen. The sulfamic acid or salt thercof may be used with other water treatment chemicals,
particularly with biocides (e.g., algicides, fungicides, bactericides, molluscicides, oxidizers,
etc.), stain removers, clarifiers, flocculants, coagulants, or other chemicals commonly used in
water treatment. For example, submergible surfaces may be contacted with a sulfamic acid
br salt thereof as a pretreatment to inhibit bacterial adhesion and placed in aqueous system
using a microbicide to control the growth of microorganisms. Or, an aqueous system
experiencing heavy biologica! fouling may first be treated with an appropriate biocide to
overcome the existing fouling. A sulfamic acid or salt thereof may then be employed to

maintain the aqueous system. Alternatively, a sulfamic acid or salt thereof may be used in



conprising the step of contacting the subnergible surface with a sulfamc
acid or a salt thereof in an anount effective to inhibit bacteria from
adhering to the subnergible surface, wherein the sulfamc acid is a
conpound of the formula RIRZNS(O 2(COH), where R and R2 are independently a

hydrogen, a C4 -C20 al kyl group or a cycl ohexyl group, bul8Eebeuaty 2002 ¢
not both hydrogen; or Rl and R2; together with the N, forma 5-8 nenbered
heterocyclic ring having the formula:12-. _ ... hl . ' __ in which Xis Q

NH, or CH2 ; and wherein the salt of a sulfamc acid is an acid salt or a
quatem zed sulfamc acid salt. 2. A nethod of claim1l, wherein said
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sulfamc acid or said salt thereof in said anpunt effective to I bit

bact ertha atjneous agdtaniwligletthe bimexds abtsws goritrod tisgrbwtteof miceoorgapies in tgstem 3.
A method of claim]|, wherein R is a C8 -C-8 alkyl and R2 is a hydrogen. 4.
A et hRSBICEES $istenm Such g ronginatn g&mal#ezalém@s l@&%wcaol@sl @heaﬁqdy group 28
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efficacy in the aqueous system. Separate formulations are preferred where adverse

interactions may occur.

Depending on its use, a composition according to the present invention may be prepared
in various forms known in the art. For example, the composition may be prepared in liquid
form as a solution, dispersion, emulsion, suspension, or paste; a dispersion, suspension, or
paste in a non-solvent; or as a solution by dissolving the sulfamic acid or salt thereof in a
solvent or combination of solvents. Suitable solvents include, but are not limited to, acetone,
glycols, alcohols, ethers, or other water-dispersible solvents. Aqueous formulations are
preferred.

The composition may be prepared as a liquid concentrate for dilution prior to its intended

use. Common additives such as surfactants, emulsifiers, dispersants, and the like may be
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with the N, formsaid 5-8 nenbered heterocyclic ring. 12. A nmethod of claim
8, wherein the sulfamic acid is butyl sulfamc acid; anyl 28Fébraty 20021;
octyl sulfamc acid; dioctyl salfamc acid; dodecyl sulfamc acid;

di dodecyl sul fam c acid; octadecyl sulfggic acid; dicyclohexyl sulfamc
acid; norpholino sulfamc acid; piperidinyl sulfamc acid; or a m xture
thereof. 13. A nethod of claim8, wherein the effective anount of the

sul fam c acid ranges from 10 ppmto 500 ppm. 14. A pethod of claim38,
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A composition of the present invention may also be prepared in solid form. For example,
the sulfamic acid or salt thereof may be formulated as a powder or tablet using means known
in the art. The tablets may contain a variety of excipient known i.n the tableting art such as
dyes or other coloring agents, and perfumes or fragrances. Other components known in the
art such as fillers, binders, glidants, lubricants, or antiadherents may also be included. These
latter components may be included to improve tablet properties and/or the tableting process.

The following illustrative examples are given to disclose the nature of the invention more
clearly. Itis to be understood, however, that the invention is not limited to the specific
conditions or details set forth in those examples.

EXAMPLE 1:
General Synthesis of a Sulfamic Acid:

Dissolved amine in dry solvent, such as THF, and chilled in an ice bath with stirring.
Next chlorosulfonic acid was added such that the molar ratio of acid:amine is 1:1. After the
reaction was complete, solvent was removed by means of rotary evaporation. The resulting
sulfamic acid is then collected by filtration and dried.

EXAMPLE 2:
Synthesis of Dodecy! Sulfamic Acid; |
Dodecyl amine (0.1 mol) is added to a round bottom flask equipped with magnetic stirrer

and dissolved in anhydrous pyridine. Next, chlorosulfonic acid (0.1 mol) is added dropwise
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m croorgani smin the aqueous system 19. A nethod of claim 18, wherein the
bi ocide is added prior to the sulfanig acid to substantially reduce any

exi sting biofouling in the aqueous sy‘%én1and the sulfamc acid is added to
prevent the adhesion of surviving bacteria to a subnerged surfaces within

t he aqueous system 20. A nethod of claim 18, wherein a bhiocide is added
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approximately 1 in. x 3 m shdes (glass or stalnless steel) were fixed to the edge of the

‘bioreactor. The lower ends (approx. 2 in.) of the slides dipped into a bacterial growth
medium (pH 7) within the bioreactotr which contained a known concentration of the test
chemical. Following inoculation with known bacterial species, the test solutions were stirred
continuously for 3 days. Unless otherwise indicated in the results below, the medium within
the bioreactor was turbid by the end of three days. This turbidity indicated that the bacteria
proliferated in the medium despite the presence of the chemical tested. This also shows that
the chemical, at the concentration tested, showed substantially no biocide (bactericidal)
activity. A staining procedure was then used on the slides in order to determine the amount
of bacteria attached to the surfaces of the slides.

Construction of Bioreactors: The bioreactors comprised a 400 ml glass beaker over which’a
lid (cover from a standard 9 cm diameter glass petri dish) was placed. With the lid removed,
slides of the material of choice were taped at one end with masking tape and suspended
inside the bioreactor from the top edge of the beaker. This allows the slides to be submerged
within the test medium. Typically, four slides (replicates) were uniformly spaced around the
bioreactor. The score presented below are the average of the four replicates. A magnetic
stirring bar was placed in the bottom of the unit, the lid positioned, and the bioreactor
autoclaved. Two different types of material were used as slides, stainless steel as a metal and

glass as a hydrophillic surface.
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\ (c)omposmon of the medium was:

Glucose 1.0g
K,HPO, 52¢g
KH,PO, 27¢g
NaCl 20¢g
NH,CI 10g
MgSO, . 7H,0 012 g
Trace Element 1.0 mlL,
Deionized H,0 10L
Trace Element Solution:
CaCl, 15¢g
FeSO, . TH,0 10g
MnSOQ, . 2H,0 035¢g
NaMoO, 05¢g
Deionized H,O 10L

The medium was autoclaved and then allowed to cool. If a sediment formed in the
autoclaved medium, the medium was resuspended by shaking before use.
Preparation of Bacterial Inocula: Bacteria of the genera Bacillus, Flavobacterium, and
Pseudomonas were isolated from a paper mill slime deposit and maintained in continuous
culture. The test organisms were separately streaked onto plate count agar and incubated at
36°C for 24 hours. With a sterile cotton swab, portions of the colonies were removed and
suspended in sterile water. The suspensions were mixed very well and were adjusted to an

optical density of 0.858 (Bacillus), 0.625 (Flavobacterium), and 0.775 (Pseudomonas) at 686

nm.
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Biofilm Production /Chemical Testing: To four separate bioreactors was added 200 ml of the

sterile medium prepared above. Chemicals to be evaluated as biodispersants were first
prepared as a stock solution (40 mg / 2 ml) using either water or a 9:1 acetone : methanol
mixture (ac/MeOH) as a solvent. A 1.0 ml aliquot of the stock solution was added to the
bioreactor using moderate, continuous magnetic stirring. This provided an initial
concentration of 100 ppm for the test compound. One bioreactor (Control) contains no test
compound. Aliquots (0.5 ml) from each of the three bacterial suspensions were then
introduced into each bioreactor. The bioreactors were then provided with continuous stirring
for three days to allow for an increase in bacterial population and deposition of cells onto the
surfaces of the slides.
Evaluation of Results: The following compounds were evaluated using the procedure
described above: butyl sulfamic acid, compound (a); amyl sulfamic acid, compound (b); octyl
sulfamic acid, compound (¢); dioctyl sulfamic acid, compound (d); dodecyl sulfamic acid,
compound (e); didodecy! sulfamic acid, compound (f); dicyclohexyl sulfamic acid,
compound (h); morpholino sulfamic acid, compound (i); and piperidinyl sulfamic acid,

. compound (j).

Afier the test was completed, the slides were removed from the bioreactors and were
positioned vertically to permit air drying. The degree of adhesion of bacteria to the test
surface was then estimated using a staining procedure. The slides were briefly flamed in
order to fix the cells to the surface, and then transferred for two minutes to a container of
Gram Crystal Violet (DIFCO Laboratories, Detroit, MI). The slides were gently rinsed under
running tap water, and then carefully blotted. The degree of bacterial adhesion was then
determined by visual examination and subjective scoring of each slide. The intensity of the
stain is directly proportional to the amount of bacterial adhesion. The following biofilm

scores are given:
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0 = essentially none 3 = moderate
1 = scant 4 = heavy
2 = slight

Chemical treatments were evaluated relative to the Control which typically receive an
average score for the four bioreactor slides in the 3-4 range. Compounds which receive an
average score in the 0-2 range were considered effective to prevent the adhesion of bacteria

to the submerged slides. The results are shown in the following Table I.
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Table I:
Compound Solvent Conc. Mic Slides Score
(ppm) pH6  pHS Glass or SS*

a Acetone 100 - >500 Glass 1
a Acetone 100 - >500 Glass 2
a Acetone 100 - >500 Glass 2
a Acetone 100 - >500 Glass 2
b Acetone 100 -- >500 Glass I
b Acetone 100 - >500 Glass 3
b Acetone 100 - >500 Glass 3
b Acetone 100 - >500 Glass 3
< Acetone 100 - >100 Glass 1
¢ Acetone 100 - >100 Glass 2
c Acetone 100 - >100 Glass 2
d Acetone 100 -- >100 Glass 3
¢ Acetone 100 - - Glass 3.8
f Acetone 100 -- - Glass 2.00
h Acetone 100 >500 >100 SS 225
h Acetone 100 >500 >100 Ss 2.00
i Acetone 100 >500 >100 SS 0.25
i Acetone 100 >500 >100 Ss 3
j Acetone 100 >100 >100 Glass 25

hour Basal Salts test at pH 6 and pH 8.

*SS=Stainless steel

Minimum inhibitory concentration (MIC) for each compound against the bacteria E. Aerogenes using an 18
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EXAMPLE 4:

The test method, construction of bioreactors, bacterial growth medium, preparation of

bacterial inocula, and biofilm production/chemical testing is the same as outlined in

EXAMPLE 3.

Evaluation of Results: The followmg compounds were evaluated using the procedure

described above: butyl sulfamic acid, compound (a); amyl sulfamic acid, compound (b);

octyl sulfamic acid, compound (c); diocty! sulfamic acid, compound (d); dodecyl sulfamic

acid, compound (e); didodecyl sulfamic acid, compound (f); octadecy! sulfamic acid,

compound (g); dicyclohexyl sulfamic acid, compound (h); morpholino sulfamic acid,

compound (i); and piperidinyl sulfamic acid, compound ().

After 168 h (1 week) of incubation at 26-28 C, the slides were removed from the

bioreactors and were positioned vertically to the test surface was evaluated using a staining

procedure. The slides were briefly flamed in order to fix the cells to the surface, and then

transferred for one minute to a container of Gram Crystal Violet (DIFCO Laboratories,

Detroit, MI). The slides were gently rinsed under running tap water, carefully blotted, and

again allowed to air dry overnight. The degree of bacterial adhesion was then determined by

a quantitative method of evaluation.

Quantitative method of evaluation of bacterial adhesion:

The pair of glass slides and the pair of stainless steel slides corresponding to each

treatment were placed each in Petri plate with 10 mL ethanol (technical) to remove the crystal

violet staining the cells attached to the slides. A 1 mL aliquot of the crystal violet ethanol

solution obtained in each Petri plate was transferred each to a test tube with 9 mL of

deionized sterile water (1/10 dilution). The blank for calibration of the optical instrument

used for the evaluation was a solution of 1 mL of ethanol in 9 mL of deionized sterile water.

The absorbance (ABS) of each solution was determined using a spectrophotometer
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(Spectronic 21, Bausch and Lomb) at a wavelength of 586 nm. The inhibition of bacté:rial
adhesion (IBA) was calculated:
IBA= 100 ((ABS control - ABS treatment) \ ABS control)
90 or >90%IBA = essentially no bacterial adhesion
89 - 70%IBA = scant
69 - 50%IBA = slight
49 - 30%IBA = moderate
29 - <29%IBA = moderate
Compounds which receive 50% IBA or greater were considered effective to prevent the

adhesion of bacteria to the submerged slides. The results are shown in the following Table II.
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Table II:
Compound Solvent Conc. MIC! Slides Score (%IBA)
{(ppm) pH6  pHS Glass 168h
SS* Incub.
a Acetone 100 - >500 Glass 0
Ss* 66
b Acetone 100 - |>500 Glass 65
S§* 14
c Acetone 100 - >100 Glass 4]
Ss* 54
d Acetone 100 - >100 Glass -
Ss* -
e Acetone 100 - - Glass 82
Ss* 78
¢ Acetone 100 - - Glass 72
SSs* 70
f Acetone 100 - -- Glass 27
SS* 15
g Acetone 100 - >500 Glass -
SS* --
h Acetone 100 >500 | >100 Glass 44
SS* 57
i Acetone 100 >500 }>100 Glass 47
SS* 39
j Acetone 100 >100 | >100 Glass 40
Ss* 68
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'Minimum inhibitory concentration (MIC) for each compound against the bacteria E. Aerogenes using an 18
hour Basal Salts test at pH 6 and pH 8. *Stainiess Steel
While particular embodiments of the invention have been described, it will be

understood, of course, that the invention is not limited to those embodiments. Other
modifications may be made. The appended claims are intended to cover any such

modifications as fall within the true spirit and scope of the invention.
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3. A method of claim 1, wherein R'isa Cs -Cy3 alkyl and R’isa hydrogen.

4., A method of claim 1, wherein R' and R? are each a Cg -C5 alkyl group.
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7. A method of claim 6, wherein the submergible surface is a ship hull, a boat hull, a marine

structure, a tooth surface, a medical implant surface or a surface of an aqueous system.

8. A method for controlling biofouling of an aqueous system comprising the step of adding
to the aqueous system a sulfamic acid or a salt thereof in an amount effective to inhibit
bacteria from adhering to a submerged surface within the aqueous system, wherein the
sulfamic acid is a compound of the formula R'R?NS(O),(OH), where R' and R? are
independently a hydrogen, a C,-C,, alkyl group or a cyclohexyl group, but R! and R? are not '
both hydrogen; or R' and R?, together with the N, form a 5-8 membered heterocyclic ring

having the formula:

.....

-~ -
‘‘‘‘‘

in which X is O, NH, or CH,; and wherein the salt of a sulfamic acid is an acid saltor a

quaternized sulfamic acid salt.
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piperidinyl sulfamic acid; or a mixture thereof.

13. A method of claim 8, wherein the effective amount of the sulfamic acid ranges from 10

ppm to 500 ppm.

14. A method of claim 8, wherein the addition step comprises adding sufficient sulfamic acid

to the aqueous system to reduce any existing biofouling in the aqueous system.

15. A method of claim 8, wherein the aqueous system is an industrial water system selected
from a cooling water system, a metal working fluid system, a papermaking water system, and

a textile manufacture water system.

16. A method of claim 8, wherein the aqueous system is a recreational water system selected
from a swimming pool, a fountain, an ornamental pond, an ornamental pool, and an

omamental stream.
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18. A method of claim 8, further comprising the step of adding an effective
amount of a biocide to the aqueous system to control the growth of a

microorganism in the aqueous system.

19. A method of claim 18, wherein the biocide is added prior to the sulfamic
acid to substantially reduce any existing biofouling in the aqueous system and the
sulfamic acid is added to prevent the adhesion of surviving bacteria to a

submerged surfaces within the aqueous system.

20. A method of claim 18, wherein a biocide is added concurrently with the

sulfamic acid.

21. A method of claim 18, wherein the microorganism is selected from algae,
fungi, and bacteria and the aqueous system is selected from an industrial water

system, a recreational water system, and a sanitation water system.



