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FUM GATE CORROSI ON PROMOTI NG M CROBES Field of the Invention 5 The ﬂLgﬁﬁﬁg
invention relates to the fum gation and nai ntenance of cl osed syste 904
are susceptible to mcrobially influenced corrosion (MCQC), ﬁﬁﬁgg&ggnd The
mai nt endDOESP7 systens that corrode over time due to nicfggrganisn1lo
contam nation is a significant challenge due to the proliferation,
resilience and adaptability of mcroorganisns. A |large nunber and variety
of systens are susceptible to such degradation, and while a variety of

met hods have been devised to address these systens, including cleaning and

scraping, the need existg£pfop MRINEE T EREIDESSES the root causes of

the corrosion, and that "i's capable of safe and effective use in a w de

variety of systenmspo ¥ NIGATEEORROSIONHROMAENGMIERRRESti on of the
system Systens manufactured of nmetals, and netal alloys, are particularly
susceptible to damage from m crobes. These effects are seen predom nately

in piping and ot her encl osed s%sif@h Y}‘R/%Fr’? FE] crobially influenced
. . . ] e Q .
corrosion and bi of oul i ng cause , s, and premature failure of

materials ofrcon LiAin R0 WErusRYATonl ant yestenindsadclrsed sygeponsi bl e
20 ?or t he Jé’teéjlrigstgﬁgﬁi%n, orfteﬁ with nore than_one species observed in a

pi pe sapRkee subbgsble basicastialcafubecef gomasidbtMIth i nstalled systenms, and on
pi pe that has never been in service. Wthout treatnent, these m crobes
mul tiply, damaging the system and contam nating its contents- \Wile netal

systens are particularly suscepti blﬁcg{c_gomrosi on, plastic constructions
are al so susceptible to mcrobial degradation, which is enhanced by

conbi nat i onspf mfiaehaide ofhsteme thalicogodenwier BmeediedP TMEXBFARISTB ych as

tenperature and sol.ar radiation. These factars .. conpi.ne w pLacesses
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P L ARy BEPER, Al ackasi ungabisio sob egocst o
of this,antiidd ¢4y 6f mbtheas Favetbdendkvisel toiaddress these systems, including
cleaning and scraping, the need exists for a method that addresses the root causes of the
corrosion, and that is capable of safe and effective use in a wide vanety of systems,
15 irrespective of the material composition of the system.

Systems manufactured of metals, and metal alloys, are particularly susceptible to
damage from microbes. These effects are seen predominately in piping and other enclosed
systems, where microbially influenced corrosion and biofouling cause occlusion, leaks, and
premature failure of materials of construction. There are several types of bacteria responsible

20  for the deterioration, often with more than one species observed in a pipe sample. These
bacteria can be found both in installed systems, and on pipe that has never been in Service.
Without treatment, these microbes multiply, damaging the system and contaminating its
contents. While metal systems are particularly susceptible to corrosion, plastic constructions
are also susceptible to microbial degradation, which is enhanced by combinations of factors,

25  including environmental factors, such as temperature and solar radiation. These factors
combine with the processes promoted by contaminating microorganisms to foul systems, and
Jead to system failure.

Microbial damage affects a vast number of enclosed systems, ranging from tanks and

vessels to piping systems. Potential applications of this anti-microbial treatment include fire



109 J UL 2004 protection sprinkler systens, water purification and

del ivery ‘equi pment, cooling towers, ballast systens, . and manufact urih§ J8t 2004
chemical processing, handling and storage equi pnent. Commercially avail able
system mai nt enance treatnent options include flushing systens with |iquid

.di sinfectants and cl eani ng sol utions .such as, gh.utaral.dehyde (.U. Patent 5
No. 5, 160. OFFeCHonPPRIR SRS VAT PUE TGOk ERELRE SRy PRET %","gg%?’é"%ﬁﬁ?.
Li qui d di si rﬁaﬁ%t@fgiénﬁréﬁd mhbhFadn@fhel A chddgd pARRkdsinkyhdnalineaahieemeraympiichace

in the systemsince it is difficult to flush thoroughly every branch and
upright section dlonzmereieitensiilelle sxstampmRintshagse FesgRentgpyoRiseuts Bushitgat are
not directly exposed. to.t ,S] t RRE {FRRRRYE.S. Patent
sterilizing 5§§’5 & d%lﬁldadiglggﬁf}}tg%n:dc%%ﬁglg\eg%o%ﬁp‘é}f%%gﬁﬁﬁaoxi de.l{_gr e I%r%m
and 105havendecsogedofycofit hdi sotebmg Uit Patest M di884/364)ndugtid gisindectantsrard | ze
medi cal instruments and, equipgent. Baqi b.chl orine di oxi et hyl ene
oxi de are exXpbpLhen ¥/é°r’,°E°hrf8F1‘FyI5 ﬁ?\‘ﬁb‘? ©SYRPY PAR nﬁt%g%ﬁggﬁﬁs‘ﬁan i nert

carrier gas_tﬁ&%u@ﬁw&h%.héﬁ’mﬁ\bgﬁ RRk@ion OF &f bltadive nbiwvandst pisififr Any besteria
et hyl ene oxide, 1,1-dichloro-2,2, 2-trifluoroethane and/or 1-chloro-I;
2,2, 2- tetr dbdtueoresdirestly skpesed dthe disiifustant Wil JMBrof¥di cal equi pnent
foodstuffs, and t ' AL | ' tBE dARPL L GAT dnan
No. O 385 798, in %Fép‘iéiége @%’ﬁﬁéf*‘aflﬁﬁ%*%??f‘eéﬁgﬁgg?g’pﬁ‘?@?’ﬁﬁam, bl ends
conpri sdng etaky bemased br Fiftl iykar@in3h SmBdiba proastnt Wtanbizopadical finprimgsls apgh

sterilizing nmedical. [ rrent.adfj%%# are. cr'RIn | fr bR PCT
appl i cation BﬂHE’I”?"Bht?@HC REN® %“g% ;tﬁﬁﬁn&o b%?‘%t %’Jg §%F'e?{r?- Byt ef erence.
The pot ent i &lonBhheable «@ARGSblahdsiwith ganirscantierganet bodmesidlyaighble. Syatlats
that are 20 susceptihble to nicrobi aLA}_ ~influe CoLrosian ( f s, hot
known. |I'n pdfendsGPaPTsiag FyY e Ux i de ﬁ_\{‘ém R‘H&'\L%g’t%gmf%_hﬁ%"r LT
porous mat eri@dfiohdiaiin b A wPOLQUSHiZINE RicikANigBiphRye foodbtefig vued 8@ likhate, when
used in the nethods of the present invention, funigants, and LN
parti cdf ar - etengrited i Ewswpens ParayApr icafiqndle- (OASE v o BripfosRraetd B e oy SHFY % xpose
the inner SUiLAR yiGlas JombadafitheRSR TN 83138l AuOp QAT @ I 0duct s
and/ or m croorgani smgrowh pr esent 25 on the _system inner surfaces th
reach the ursterlizprigrgediial roopgeni sdibedikerrredessihed imide PLARPRIARER PEOFP S on.
The net hod %%?O%Uhiqg% OJrar%PQJrLiS%%k{fH%mQW is particularly useful for
mtigating nTire pro tron spri er systens. Summary of the
| nventi on The potental effectiveness of fumigants in 2 method 1o fumigate systems that are
20 susceptible to microbially influence corrosion (MIC) is not known. In particular, ethylene

oxide is known {o be more effective on porous materials then non-porous. Applicants have

discovered that, when used in the methods of the present invention, furnigants, and in

particular-ethylene oxide, may be effcctively employed to wniformly expose the inner surface

of a system and penetrate layers of corrosion products and/or microorganism growth present

25 on the system inner surfaces to reach the underlying microorganisms of the type that influence
_corrosion. The imethod has a wide range of applications but is particularly useful for

mitigating MIC in fire protection sprinkler systems.

Sunymary of the Invention
30 The present invention relates to a method of fumigating a closed system containing

articles or means in which aqueous media is contained ot through which agueous ruedia
flows, which method comprises exposing the surfaces of the article ormeans or to an

2



30 The present invention relates to a nethod of fum gating a cl osed sys§ (jﬁn
containing articles or neans in which aqueous nedia is contai ned or 0 L 2004
t hrough whi ch aqueous nmedia flows, which nmethod conprises exposing the
surfaces of the article or neans or-to an 2 0 9 JUL 2004 effective anount

~of a fumgant for an effective tine of exposure. Mre particularly, the

i nvention relefeeyerpoantvbe fistzol for antegiragna 0B8R syst em cont ai ni ng
articles or neans,jn whic q 1180 R Jredniostidehrcpdied syt h
aqueous nedia fl e,p%@?ﬁﬁh@?ﬁ%ﬁ”ﬁ%?ﬁ%@ﬁ?\%cuati ng ﬁ%e syst e)r&rlla

i ntroduci ng asneihfrgahicks or awmsit whikh aqeans ryedin is centpped FEPIRY KISk BRERS t he

fum gant for an effectjve ti of exposure. j ygant. 10
15 20 25 30 Zd SpBbiE O FATET PR “%%T?g%h%%ddgaﬂ% gt]?eef%égg

enbodi ment ofyihe dratheRanf expbéng My eRiennR thd Amidannbgareficcorpim selsexposure;
non-fl ammabl e bl end of €thyl ene oxide and an inert carrier gas. In another
preferred ensodrammying thhlimgahod conprises humidifying the systemto about
30-90% relative hum dity, preferably about 50 to about 80% rel ative

hum dity prior to 5 introducing the fumgant. In still another preferred
enbodi ment, the nmethod conprises adding heat to the system to accelerate
the biocidal activity of the fumgant. In yet another preferred enbodi nent,
t he net hod conprises exposing the systemto the fum gant under

subat nogpheric pressure, preferably between about 0.5 and less than 1 10
atm
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Det ai | ed Description of the Invention The systens treated by the present
met hod conprise articles or nmeans having outer and inner boundaries(g jyl 7004
wherein the inner boundary defines a space. This space is bounded by 15
the inner surfaces of the article, which space may extend (gifhgﬁl40§ﬁally and
defi ne PEE¥&d8%ays through which fluids may flow Said innet tes nay
be of any configuration such as curvaceous or flat and illustratively but
not i mtedyopfe@srfideniodivehnsmhemethod of teuhemtios phe fumiganbcqoPy6 Aal
space such as ?ri angul ar or rectilinear space. The articles enclosing

t hese sqpafiasmab blypd chtthylegestigpnand an1n¢B P16 8%bne or nore openi ngs
providing for the 20 introduction. and ey I : Skl | fxenpl ary
systems i ncinget cﬂ%‘é@&é 5?7{'5?@%&"??% gish(e)g‘ CE’@E{I’[%&%&;%&H%@%&%@ vessel s,
pi pi ng,, conduib ' a0 36 hibagt 5% atibtiveshapestygnibrsd zes.

" The sy%}?oéﬁr)rﬁggpésEeé%g}téﬁfg?ggy’o%@gya?gi ety of materials by any known process
I NGl udipp@dudxs fusfudwigamml di ng, casting, mlling, annealing, thernoform ng,
cutting, drillTing, bending, etc. 25 Naterial properti.es rel e use
of the arti bl sl anathgyoreleres gmepdimeat &hq &’8@063?8%85?%%9 gg“l’ h%ta f{eoﬁ[gte E?St&g
chem cal resistance, .durahjli . I stance to heat, |ight, oxygen, and
noi st U%QCCBIFWI%Q\’EERIQQES%P%FH %’%PS??Q g’rsaﬁgorrpri sing the articles are
typically chepdGabinér ?%'rﬁédaé?ﬁbddamﬂnﬁthefrdmnhaﬁ(&)'nnrhm expmsicthe sygemAder
surfaces of the article, including the fum gants digcl:bzfd cr%rse%n to treat
the sUtHedomsgat utde sobaftiosplars Reessusepprstirably BREST APSHt i 894 %53 HaRd) ude
nmetals and 30 plastics. Illustrative netals are copper, iron, steel,

alifri n@# and al l oys thereof and coated metals such as zinc coated steel.
[I'lustrative plastics include elastomers, polyvinyl chloride (PVQO,
chlorinated PVC, polybutylene, nylon, polyurethane, polyolefin,

pol ycar bonate any of 09JUD&eidet INScOper QDtpe MRVERLID 1100493 whi ch may

i ncorporate_additives including fillers,. Di 1R ey S

ant i oxi dant $hefsyHEmS t‘F%‘Fé&’Hg}Fﬁ eﬁ%”\ﬁgqng kr% g‘? g%‘ﬁcllegg??éaﬁ/lb é?d(;)lblgglu}e%

| nf] uenged. CorLO%:ABs (Al it bbnaipptertas bapacer Thin spast orbaumdad besul t
grn

of co 0 contact with, or providing suitable glﬁovwclcﬁ%?cfondi tions for,
ni £§ 00 gAIRh& Surfabet of the prtohm hicirapacs mer EXEYS AreriIOBR LR Msi on

proces ?)gssshggﬁgfsttgrgﬁgh %ictfuaﬁﬁﬁé hl%y lﬁ%?v%a?i&’ innaH&fifaces may be of any configuration

such as curvaceous or flat and illustratively but not limited to forming a cylindrical or tubular

space, or a polygonal space such as triangular or rectilinear space. The articles enclosing
these spaces are typically designed to comprise one or more openings providing for the
20 introduction and elimination of said fluids. Exemplary systems include enclosed articles
(closed systems) such as tanks, vessels, piping, conduits, couplings, valves, and tubing of all
shapes and sizes.
The systems are constructed of a variety of materials by any known process including
extrusion, molding, casting, milling, annealing, thermoforming, cutting, drilling, bending, etc.
25  Material properties related to the use of the articles are generally characterized by mechanical
strength, chemical resistance, durability, and resistance to heat, light, oxygen, and moisture.
In particular the materials comprising the articles are typically chemically resistant to the
fluid(s) that contact the inner surfaces of the article, including the fumigants disclosed herein
to treat the surfaces at the conditions of exposure. Exemplary materials include metals and
30  plastics. Illustrative metals are copper, iron, steel, aluminum, and alloys thereof and coated
metals such as zinc coated steel. Illustrative plastics include elastomers, polyvinyl chioride

(PVC), chlorinated PVC, polybutylene, nylon, polyurethane, polyolefin, polycarbonate any of

"
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MC are low nutrient bacteria (LNB), iron related bacteria (IRB), sulfate
reduci ng bacteria - (SRB) and acid producing bacteria (APB). They may glSeiL 2004
be referred to as netal -damagi ng m crobes. As used herein the term

"fum gate” nmeans to subject to fumes in order to destroy, 10 neutralize or

i nhi bi t WHBLEO®IM h of m croorgani sms that influence corro8F3SOEMHPYat i on

of that results in a reduction of at |east two | ogs, and preferably three

or  nor &,11i005%ay McolirateCOBRAR RRludME AlEE G0Egans Jasticketeshti@biaTHilameer m
"fum gant means an agent in vapor formthat is toxic to m crobes that

i nf | uene@rdaarsrandildvi ligBustitabkes.f um gants i ncl ude al kyl ene oxi des, chlorine
di oxi de, fluorine 15 dioxide, ozo rogen_ per oxi . \;de and
the |ike forMEGrﬁ(ﬂHﬁ}émH’cﬂUSchdicr‘Pﬁoélﬁf‘RﬁQf:g#?“Pgo ?Tﬁ?@%’t"ﬁggf’%&s‘g}s{%“e%&m‘
Preferred alkyl ene oxi s - PRI RIS R, BRErcRIdzfRmsEhity| ene
oxi de iog-cﬁlélﬁg)l/l@g %Oﬂq%(/étg'ﬁglfg{?rggg%ﬁ??g%, et hyl ene oxide i s an extremel y

f I agmabyemgasndhbasalyb eiki@id rbesgonpiodesses. S hasgatsalf bagena kno Wi it Cpse

precautions such as expl osion proof equipnent are mandatory.. A 20 .
pr ef er HI@ aerlavthutrerit datterip{ W), piva fé@?ﬁﬁ@ﬁ@“éﬂ@’ qu ¢ %ﬁﬁ%FWé'*rblaCt(‘?EP rier

gas that_serves to dilute the lene oxi MhoghsihEings a
Shol o ASRB hnsacih pesusis hackTia gAP BNy qﬁ%}gnaggl,sg%g,régg;ggg? %@,‘3309; 28085 270:
5,376, 3330125976, 554; and WO 99/ 42143, all of which are incorporated by
reference herein in their entirety. Exenplary inert carrier gases include
but are notas igEdtieein thecambdfunrdzari deanniotsubigento faes Heorderl $FHPYcar bons
and m xtures thereof. 25 Exenpl ary hal.ogenat ed, hydroc S arey

chll8r ofneyrlizenTEBNEt the EO3EHP &Frg"l’rﬁﬁ?l @aﬂ%ﬁg'lueﬁ%gﬁ i)oo 'IE%rE'O"ggr Shs that
are gasgs at or i F o RIESSH feRRbIRinrtesmasriloggofafe about 0C
and abg@g_reg}gﬁ%?%ﬂg{@éﬁ??ﬁgﬁ c%m?er Cl atl?rley av)aai | abl e hal ogenat ed '

hy dr oc afdaeiis oM tdsorg ksl &, debivablar e not linmited to, chlorofl uorocarbons

28 chi or ool FThemmfyRigEnt. Brapt Ereseps o Kot or (a2 G416 HAEATEL B sueh

éeﬁ{‘;]? [iﬁ'gﬁegé%e %ﬁg&?%g@i@% ﬁ%@%ﬂg i diRGIEAds oNHEY, hilbHAE efaidgfivoseh as

, 2-tetrdfl uoroet hane (HFC- 134a),
1, 151, 34i8xide ¥naltydesgen pefexite, fidfy! BAGhidy and the like for an amount of time
b ke Sl Bepan, (L0 ZRIRAL ot R AR B R a5 0O
propylene oxide. Ethylene oxide is particularly preferred.
By itself, ethylene oxide is an extremely flammable gas. Thus, when ethylene oxide
is used alone as a fumigant, precautions such as explosion proof equipment are mandatory. A
20  preferable practice is to blend the ethylene oxide with an inert carrier gas that serves to dilute
the ethylene oxide and render the mixture as a whole non-flammabie. See U.S. Patent Nos.
5,039,485; 5,254,309; 5,342,579; 5,376,333; 5,976,554; and WO 99/42143, all ofwhirch are
incorporated by reference herein in their entirety. Exemplary inert carrier gases include but
are not limited to carbon dioxide, nitrogen, halogenated hydrocarbons and mixtures thereof.
25  Exemplary halogenated hydrocarbons include chlorofluorocarbons, h)g'drochloroﬂuorocarbons
and hydrofluorocarbons that are gases at or below atmospheric pressu‘re and at temperatures
of about 0°C and above. Examples of suitable commercially available halogenated
hydrocarbon compounds inciude, but are not limited to, chloroflucrocarbons such as
dichlorodiflucromethane (CFC-12); hydrochlorofluorocarbons such as chlorodifluoromethane
30 (HCFC-22) and 1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124); hydrofluorocarbons such as
pentafluoroethane (HFC-125), 1,1,1 2-tetrafluoroethane (HFC-134a),

1,1 ,i ,3,3,3-hexafluoropropane (HFC-236fa), 1,1,1,2,3,3,3 -heptafluoropropane (HFC-227¢a)
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PCT/ USO /00493 and 1,1, 1, 2, 2, 3, 3- hept af | uor opr opane (HFC-227ca); and

conbi nati ons any of the above. Hydro fluorocarbons are particularly 9 JUL 2004
preferred due to their | ow ozone depletion potentials. Particularl >ﬂ
preferred hydro fluorocarbons are pentafl uoroethane, heptafl uoropropane and
m xt ur esovhswenf. A particularly preferred fum gant corrprPiCé"@és%’Bg‘l?% 8 to
about 25 weight %5 ethyl ene oxide, about 75 to about 92 wei ght %

pent af,l kgroes b%ﬁﬁhepﬁ@@u&@ﬂé?m& (HF@DOTYa) 1nd coeitgimtiods bepoifewbropr opane. An
ef fective arount of fum gant is an anpunt that is effective to déstroy,
neut r aydzefluorocaitii biet parhelaphopreferst duartodhair IRFR298F JERFSARPRFBEEN i n the
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prefe I've "anount e detérm ned by routine experinentation.
The  Gefy@Blokal S5vuofs ef ydue o2 vaxgid &6 pentsStorogthabs 2pd ebeurelogoorh®s gas in
the system and can be «calculated using Raoult's |aw. For exanple, when the
pr ess wweagho ¥ hemaRydeRIPPERE- 745 nmrHg, the concentration of ethyl ene oxide is

b 350 ny/| 5 Th d. | cBve fn ' |
about mgﬂqelfﬁeé:%g? Qgggﬁteﬁjﬁgmlé%?}SeipdﬁoﬁYW%% Bye fRARS09f nelirlié apl e

vacuum pu Facuumpunp is readily selected by one

ski |1 egh:iR e BotH of Al mitRioRE edpreyertt iretheslystem wider tbasmsystBon to be
evacuat edl, the desired ultimate | evel of vacuum %nd the ti rre.rqui red to
r each exlepiesi effettivaemonnt afedhylenprexidrbpically FERESE I 3 SRRTATT AT 862801 h

h P ety byt : ;
o6t erRBmeiaatant 120y Laree bl TRk (S 5B oL % aYARR SR,
especi, %ﬁég&feﬂfeﬁeém ardGt Euby 1@ antersl by eytih eeerinsertaiimme cred to t he

system e treated using appropriate piping fittjings. Al pipjng,
val vesonédntrhiiogst byleeeoxidhis sehby theyiressues ohihe ges Bibe SYSEm &pd f&hPare open

to the systemduring. the evacuation step.descr.ibe = s Lhegedesired
vacuurpalcelagd Q%lgr%%fﬁﬁlftéﬂl,a“% é’@i}%‘?@ﬁr ?"’i‘eﬁ?%}bﬁ %lrfg %&i‘pef&(}%ptgﬁsgen\}g%ﬁﬁbm source. Gas

is 25 tﬁ?ggnttcgﬁ%htog Jfr&ﬁg,zﬁ%ﬁgtocg(melqyag&g%ognMe mai n cylinder valve: It may be

desira ave a exchanger or vaporizer at the cyljgl?der ogthlget to .
agsi st i n eMmpeslat symerh igpetasd by meansebasuihlewcudgdinr LhhFeREMSKi de

or bl ends of ethylene oxide, with fl.uorocarhban djl : jTo¥elalc] @t i on
of et I§FCEHB Péﬂpdgfqaﬁﬁl’ ﬁé“é%?% iR g“ﬂ%“{ o ‘@8 gﬁd aﬂ E éygé;%?‘g%z%rg)éé sur e,ﬁlﬁg n g

maybe ;¢ @sﬁéﬁlx # SeMeh A6 B0 sired ultinate Yev@ 6f Sdcubitrg dnd thet three aequirefoo
exanple; “a pressure rise of about _ ) _
reach the desired vacuum level. The desired level of vacuum varies with each specific:
application. In general, high levels of vacuum are preferred. Vacuum levels of less than or
20 equal to about 10 mm Hg are especially preferred.

The fumigant supply cylinder is connected to the system to be treated using
appropriate piping fittings. All piping, valves, fittings between the main cylinder valve and
the system are open to the system during the evacuation step described above. When the
desired vacuum level is reached, the system is isolated from the vacuum source. Gas1s

25  admitted to the system by opening the main cylinder valve. It may be desirable to have a heat
exchanger or vaporizer at the cylinder outlet to assist in evaporating liquefied compressed
gases, such as ethylene oxide or blends of ethylene oxide with fluorocarbon diluents. The
concentration of ethylene oxide in the system is related to the sysiem pressure, and may be
calculated using Raoult’s law by one skilled in the art. For example, a pressure rise of about

30 745 mm Hg above the final vacuum level introduces about 350 mg ethylene oxide per liter of

famigated volume. When the desired system pressure is reached, the valve on the fumigant

supply cylinder is closed.



30 745 mm Hg above the final vacuum | evel introduces about 350 ng ethyl ene
oxide per liter of fum gated volune. Wen the desired system pressu%g JU?F.AZU[M
reached, the valve on the fum gant supply cylinder is closed. 5 09JUL200
WO 01/51097 PCT/U SO 1 /00493 The effective tinme of exposure is that tine
suf fi ciwotoitsposhum gate the inner surfaces of the articl eCTrsiINg43p t he
system An effective anount of exposure for a contamnated article is-

ypically Trom ahoul. one outods. ANRHt-(J NendaNso rahIAIRGR L RpEG.cexposUT e

times nmay m exposure time

parti cul Al SNSLEMIRY, f8 sPstefl SliTkMasvh¥mbadMpesupeldr reoheaiioaied Si nce a
nmoi st organismis 1ore susceptible to the action of the fum gant, water
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at nos pheayeegtmpleyad ibIdeardh e QPHIUE PREFUrE SFHIIF P EATIY MBI 5 or t o

I ntroduction gf fun’ti. ant et'%ttEﬁ'oﬁyStem I n one enbodi nent, the 10 net hod
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relative hupdidMolder@nint Raahesusceptdielo dfe mbionbf 8@ fumigdpb WalgOHPOhDSt
preferably between about 50 to about 80% and _then exposi ?g{at he inrlﬁ,r

sur f acéstypfcatipempioyed mTbe pagseniciethed may papYie {arhe PESYGARC! SRIF UAPYaht? 1n a

preferred enbodi nent of. the hum dificati : fddieSthenvent i on, the
15 systvaney o memnsipeladingpravs Higaﬁni*\}’é“’ﬁ’&?h‘ ﬁ%ﬁgggé(ghlgﬁght egtO% e.g., about
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vapor may be introduced via steaminectio [ wat.er ai ned
by ovaporigTnEeiiD PG AR B 2 g e el peber o8t
humi di 1Y 4, 838doo 2 B dTihen R oSTAL 13ifes i Bk W Mepsye@BioarGels ge an offearieng

are TGbl e “hum

comer ¢ y “aval ty neters. Other means of introducing water
vapor taghduR€osfistigantwi | | be obvious to those skilled in the art.

T b 8 cothih el PO A S L, Lo,
ot f‘i(gr hslf/srpel('rj] ;{98883 dified to a relative humidity above about 60%, e.g., about 70 to about 95%, for
at least about 15 minutes, and preferably for about 20 minutes to about one or more hours,
immediately prior to introducing the fumigant. Humidification may be accomplished in
several ways. Water vapor may be introduced via steam injection or water vapor may be
obtained by evaporating water from a cylinder containing degassed water. The humidity level

20  may be monitored by system pressure gauge, or using commercially available humidity
meters. Other means of introducing water vapor to the system will be obvious to those skilled
in the art. Humidification may be conducted at about room temperature, although lower or
higher temperatures may be employed if desired. It should be noted that other humid gases
such as humidified nitrogen, etc. may be employed.

25 The addition of heat to the systemn enhances fumigation efficiency (lower
concentration of gas or shorter exposure time). In general, a 10°C increase in temperature
doubles the rate of fumigation. In a particular embodiment of the invention, stearn may be
used to both humidify and add heat to the system.

The practice of the present method requires attention to matters of safety, including

30 the safe handling of the gaseous materials used in the present invention, as well as the
formulation of the gaseous material itself. In this connection, the present method introduces

the fumi gant into the enclosed space of the system and the space is closed for an effective
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such as hum dified nitrogen, etc. may be enployed. 25 The addition of heat
to the system enhances fum gation efficiency (lower concentration ob Qgﬁﬁ
or shorter exposure tinme). In general. a 10C increase in tenperature 2004

doubl es. the rate of fum gation. In a particul ar enbodi ne t
inventigﬁ,m@@%m may be wused to both hum dify and add h?aq'g{'[%m@ﬁ%%system
The practice of the present nmethod requires attention to matters of safety,

i ncl udiimg of 80pdsne:. Safietohmfry compideratidne. iy yuelamedia Bie 2PTEsSYEFMItR thhe

R e e S A BN S S e e

um gant

into the. e f il BRRAfRerl B RtQDE thel YEteant
effectggvél%%gg gfﬁ&%%f}%gg%o?i%%ms%%jﬁ 0?6100493 rtsi ?re of exepsgglire.o Due

. to saf gy £PR&isdRIddbetnen abbui &5 phélas thad ltaimysessarepr essure within the
- closed system at or_ bel ow at nospheric pressure so %Eéto limt Ietglﬁage of
t hé gas i nt Anpther safeiyiaspenvehthe RIBeELHYEHIANEOMPISFSITSEPS [AXeR 878t 0 expose

the inper. surfaces of - th S to. . a f, Megfveabout 0.5
and Ieg@‘:’ldﬁg‘?*imf“é’? mep@gggﬁ?ﬁé’a‘s‘ ge & heeg-@.sé} g‘{"?q@%g@% ﬁlé'? i ? pr esent

i nvent {oR {OWNILEARd FR Ve8RS ah af@BpAkit edcol e appiretisdakieamyednSadh 4 he

fum gant has been achieved. At such tine, the fumgant is renoved fromthe

syst enmathbdegoinerd theweprated frepng af Gespsenavith HpiPsrEeHSUE 2dBEPEGY ed.
Such a nethod may i.nvol ve the .repeated fl ushi f .. ] n
Chort - BRI BT R e SaeSRER ik PR Sl RYPIER YsbokaBn,
furg 938 el il EiiflbnciiibaR! BekigheRtiopend dissRepable 1dedtfio Boydlimg.

Et hyl ene o¥<| § i's highly reactive and is susceptible to reaction or

cat al y#iestructies ts aintehmno fxtisposak ditg epimpliesposiak thereyitieg gafitisamgbeyehg t he
exiting gas streamthrqugh a scrubber. system cont.ai nin I t.her -acidic
or basFEURRST §Y§IEH Wﬁafnlﬁgﬁ’\‘}@t"’“t‘iﬁé'%‘fr Sérﬂgﬁé’??d"éﬁl ﬁOBV%'?Hl%Ieghﬁzengesd&é%ﬁ and
pol yet | b JeByIad MGoNs. fal@Miangelt nBowiatheamyRisE Bgidecont ai ni ng
str eam{}%/ tﬁ%gﬁﬁggggaat%glﬁét){ec ){;ed éC‘Ig‘l’nt"f’ﬂi ni ng ElHopga_l [ te,DMor o%lher comercially
15 avatémiihmgcateamythtoughs: catelgid et donminieghepedliteexstothes cpmmeragidy t i onal
steps may be taken to pf):revent recont.am nation of the fum gated system

suth sewpleblesatalydiinas effpevedaras Pt 9FSBIHORy st em openi ngs or portal s that

may permt tWifitional steps may be taken to prevent recontamination of the fumigated system.
Such steps may include the sealing of all system openings or portals that may permit the
reintroduction of contaminating bacteria. Suitable seals, covers and closures that provide
effective barriers to the passage of microorganisms may comprise of a vanety of materials
20  depending on the nature of the systems being treated, for example, nonporous matenals such
as metals, plastics, glass and ceramics. Porous matenals may also perform acceptably
provided that the pore size of the material is sufficiently small to prevent the passage of
microorganisms. '
Furthermore, systems that hold water during normal operation may be filled with
25  sterile water prepared by any known sterilizing method, including ozonolysis, distillation or
microfiltration. Recontamination of the system by waterborne microorganisms is avoided by
the use of sterile as opposed to municipal water. An additional advantage to filling ethylene-
oxide-sterilized systems with sterilized water is the promotion of the hydrolytic conversion of
residual ethylene oxide. Systems that typically hold water over extended periods of time
30 include fire protection sprinkler systems. Fire protection sprinkler systems are a preferred
embodiment of the invention.

Although not essential to the practice of the present method, in some applications, it
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rei ntroduction of contam nating bacteria. Suitable seals, covers and
closures that provide effective barriers to the passage of m croorgani sns
may conprise of a variety of materials 20 depending on the nature Bf flheyp,
systens being treated, for.exanple, nonporous materials such as netals,

pl astics, glass and ceram cs. Porous materials may al so perform accept abI y

provi ded t hat ‘é?":[s@}a 13.51?5 si ze. of \ [ he .mat eri a}-wh eﬁlﬁrédrgsbq%ﬁishrysy%t%'th 2l

prevent the B lorIFi"Jct,‘l‘t?)organl Sns. ernore, systens that hold

wat er duri ngeaHQBEdeho@BBﬂ’eeddtzﬁﬂnmy be filled with 25 sterile water prepared
by any known Stel:l i zi ng, met hod, .in¢ludi ng. ozonol ysi.s t
mcrofiltration. EbFﬁ“g‘rﬁ”ﬁ%’f’FB’ﬁ gt it H@eL{s FRRT IR R B 05%%{3 r%?ecé %%Pg{gni sns

i s avoi ded by, ;d,118 :4H58 a8 i ¢ k@A ShIPRASER, éﬁsﬁbﬂmﬁzﬁaﬂ"“mm“ cithut
addi ti onal advantage .to i ng ethylene- oxide-sterilized

tens With
sterilized vat8% inghe fystepy ahﬁtmdrbce?comhsw 8y #idmg walg YARAS P47 “éffmafly %esi dual
et hyl ene oxi d emSég_sb 113 u{tﬂgtthct%q&% Y,g%gm%;,ﬁrm@dég;edewcmd,me@eﬁdrods of

y®
time 30 incl¥ eflr protection sprin systens. Fire protectlgé)
sprinkl er systeins mﬁemgamwfzmsnrgctnoeﬂbmdah%eﬁhﬂmﬂ xifls MiEyEt pERted Rfugh not

essential to the pra f the QIR rABRKI ga@,leons it O
9 JUL 2004 n‘ﬁf/ie’ﬂélgydﬁ‘l éeélﬁ'f %egwr%sm :R‘[toﬁe rlg}g%ux?‘ﬁe%evers of vijable

M croor gani spyefeird ﬁzyc&atiﬁmntﬁ the zhwnomam:i sysldatpeassuronnwnsrlét‘m’ﬁ"aﬁﬂﬂﬁﬁ on; The
present jnventive pethod

i fie r 586, DesERll Ng the
system ttf DEmCTREERSIAHE EWéBﬁgWer%dmdmg {cs khsatﬁ)”geic"}é’%r et alpj)r%t ng %)kr’
est abl i shi Ngrogml=@val) eMer thelfs@intryihed thin 134c Slh%ena‘pmdlwe‘e@qfstﬂehwo'ﬂh?s may be
acconpl i shed by addi ng wat er ap rto.ar e ,psgmgﬁ
evacuating tHEORREREOFIARG g%ef’%?r’l" Ifierfadt'f’ ﬁ"ehélel%k}ﬁe“a ievel of “wat er
vapor remaifaa Fémfdléfﬂing S cieRNPpérsiritg aal HD nfidrolayalizt wiletioy FeTRsiog pryet
mxture is admited to the system unti Lhdfay b
concent r at i ofersP- @tﬂ‘fﬂ/?‘é’ﬂ%”%il?ecféhy g O¥ige {’léﬁcﬁéeénovcﬁﬁgﬁghee%glg’?erreay ©
enbodi mef¥ OfecoreR@ uhﬂg’&mgeﬁiﬂi rethiensysipenipoessipg ef & BarRIN FURRBSOTBES Y
anbi ent 10 at rmspheb‘m? essure This pressure limtation ensures that in
t he event ofa’%ﬁ“gﬁfé“tc 7 roomair WIIl enter the systemrather than
t oxi ¢ et hyl ene oxi de Ieaklng out into the surrounding environment. The

et hyl ene oxi de blend_is then e YL fWentforr @ peri od
of time sufficientPt ’B’I’B’é"r?éf’f”é?‘g‘ cfxim’iﬂf Ilﬁgﬁt%bdégpl{aﬁgt ai|5Infl uence corrosion

present therein. After exposure, the ethylene oxide blend is renoved from
t he syst%]m and may be

Example (0914 mebersD
Nine pipe samples; each three feet{n length, from fire protection sprinkler system

equipment contaminated with corrosion—causing microbes are used in this example. Each
samplc is eqmppa*d with a spriokler head mstaned at mid-length. Three of the samples are of
pipe that bas never been in gervice; the remaining 5ix are of pipe that has been removed from
25  service. Of thesc six sections, three are treated with an acid cleaning solution that removes
visible corrosion products, inc}uding'mst, tubercles, znd biofilm. The nine samples are then
cultared 1o test Jor the presence of four types of bacteria known 1o cause microbially
influenced corrosion (MIC). These bacteria are referred to as Jow nutrient bacteria (LNB),
iron related bacteria (IRB), sulfate reducing bacteria (SRB) and acid producing bacteria
30  (APB). Initially, 21l four bacteria types are present on the samples.
The pibes are drained of residual water, dried with compressgd pitrogen gas, and
evacuated until the relative humidity reackies a level of 75%. One pipe from each source is
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1. recovered using refrigerant recovery equi pnment consisting of a vacuum
punp, conpressor, and receiver cylinder. The followi ng non-limting

exanple illustrates the practice of the invention. 20.Exanple (0. 91qug JUL 40
Ni ne 'pi pe sanples; each three feet to length, fromfire protection

spri nkl @ @ysteem equi prent cont ami nated w th corrosi on- GEURVSG/NEEY obes
are.used in this exanple. Each sanple is equipped with a sprinkler head
installed at.m dp hes:sar ®nibl pipepempleatNeasa never
been i}?ogiéercilflr%rg?hét %ggéﬂ;lﬁ%ﬁ%[ﬁgngérgééﬁf%@ pi pe that h%g bee% renoved from
25 ser yikRantGhixtlte 86mptizing @0Mivesight pehreeeetbylent peide.d - IMeterReEENH ¢l eani ng

ST Hiskiga ngeo! eocelkylens pudect e L
FUber chessaandebarst (G- | Iears o Wi PES<H Ep e RO R 8L LB for ¢ he
presence ol Aelo bRES R RASHE b2 6R0MNQueaURE: Bist obhgbiamiosfhuences

N corrosirBWd(lRﬁ ria are’r rred to as low nutrient bacteria

(LNB) , prdsb:fD. 4680t £0mbrat el thid pifiure, 3hd Eadicentratnail pthyact endai( BRB) and
. acid pPoéucrng bacteria 30 (A?B). Initially. , four bacteri tS/Bes are
. presentysom thE5mpph! Fbe gairempingén three ef e ashBPCHIOTABYPRRA (Alat ¢ C1aFT ed

baeho e areRleh B TenpesoRt IErene fidat PIdof hOBxpSu M bfod gl O L Y
01/ 51097, PET! 10 43001195 59 8420t hiroges asindidvachaientsingta aowmdur e

to serve g8 2 CoN I pi pe sanple. 'Next, a fum gant m xture conprising
10. 4 ng.zﬂlbtunlﬁﬂi ER@ntmetHayh poreabheettiplen8axide weingt dprsmog Aetecham #hYi§es oet hane
1

(HFC-125), and 7.7 wei ght percent heptafl uoropyo e - LS.

i n19 odozwg in Hreoexbhpest gp5 TIESRIP‘E)?%CS\J%F?]I’CWP??“E{)@?@%T;t)lgée_grs%a%gczi%g)tiah% *bel ow
anbi ent at nosphere 5 pressure, about 745 mmHg. At this pressure, the
concentration of ethylene oxide in the systemis 350 ng/l. The gas renains
in three of trhglet@hbwpitpesxgoanreab et fuarigard aignifitastlpredaces thegumebgigles are
exposed for a period of three days. he end gf t he exposure period, the

y At
SySt enMmisToRr LaBISMERIESENT AS AOREATSH; 1P h‘nHF‘i}c‘aBWﬁFé@? % nitrogen gas and

~evacuated using a vacuum punp until such tinme that a portable ethyl ene
oxi de nonitor does not detect any ethyl ene




10 oxide in the exhaust gas. The pipe sanples are then re-analyzed for the
presence of bacteria. Table I shows that exposure to the fum gant
significantly reduces the nunber of m croorganisns present as conpa{}%duﬁgﬂm
untreated pipe sanples. 9 0 9 JUL 2006 WO 01/51097 Table | Conparison’ of
Bacteri @vck@“%& in Untreated Pipe vs. Pipe Exposed to Fuptgamrbi/amoes Sanpl e
Exposure Installed Installed pipe (acid cleaned before test): New
pi pe 5 PCTI1JSOL /00493 LNBI RBSRBAPBE%)
(organi sms/ m ) (organi snms/ m ) (organis /]‘?111)(organi sns/ m)
Pr ePost Pr ePost Pr ePost PrePost 20190<3<34600<3<3180 |
Day<10<10<3<3?11000<3<3<3 3CampssbP<cifBagtes Levelsd<3<3

Untreated Pipe vs. Pipe Exposed to Fumigant

(Gas LNB IRB SRB APB
Sample 1 1 ganisms/ml anisms/ml)
Exposure | (organisms/ml) (organisms/ml) | (organisms/ml) | {(org
Pre Post Pre | Post Pre Post | Pre | Post
Installed | None 20 190 <3 <3 4600 <3 <3 180
PIPE | ypay |<i0 |<10 [<3 |<3 511000 | <3 | <3 | <3
3 Days | <10 <10 <3 <3 >1100 | <3 <3 <3
Installed | None <10 <10 <3 <3 <3 <3 <3 | <3
pipe 3 < <3 <3 <3 <15
(acid i Day <10 <10 <3 3
cleaned | 3paus | <10 [ <10 | <3 | <3 <3 <3 |« | <3
before
test)
New None (61000 | 920000 | <3 <3 <3 <3 <3 | 21100
Pip® 1 Day | N/T <10 N/T | <3 N/T <3 N/T § <3
3 Days | 2700 | <10 <3 <3 <3 <3 <3 |15

LNB = Low Nutrient Bactena

IRB = Iron Related Bactena

SRB = Sulfate Reducing Bactena

APB = Acid Producing Bacteria
10  N/T = not tested




None<10<10<3<3<3<3<3<3 1 Day<10<10<3<3<3<3<3<15 3 Days<10<10<3<3<3<3<3<3
Nonel000920000<3<3<3<3<32_1100 1 DayN T<1O0N T<3N T<3NI T<3 3
Days2700<10<3<3<3<3<315 LNB = Low Nutrient Bacteria |IRB = Iron Rel 31?;‘“ i
Bacteria SRB = Sulfate Reducing Bacteria APB = Acid Producing Bact ]?W
NIT = not tested 10 09JUL2006 W claim 1. A nethod of fum gating a cl osed
system susteptadilbl e to mcrobially influenced corrosion, said closed system
conprising an inner surface and one or nore openings providing for the
introduction and elimnation of fluids into said closed system said

met hod conpri si Qg &NGE st gatfi k16368 sgsTemndsteptisle banmusplady intflysmeslsur e and
i ntroducing an effective anmount of a fum_gant, into_said, systemthrough at

| east one of saicdrosive, exid pissed systert PRIBPEBIEXPHIE S"éﬁ‘F?a%%?%e PHAEYE surface

to said fum gant for an effectiyve.t.i . of claim
1 wherein thg p‘?@ggﬁf@r?vﬁdlpﬁgorsty%f’%ﬁrﬂr&:ﬁg@ neﬁ?geg%ﬂg%&rfof%ﬁgs gﬁ%@gat m f or

sai d evacuat i ng.1§deaRkystem, 3418 mesidioshn@ristl godvariating aaidispstbmei@deessur e in the
systemis between about 0.5 and | atmfor Saiiggci nt roduc{jﬂ?ﬁa let eg. t4. The
net hod of cl ai nRatehespbEme piessurgpdyaededRPHTT LleCnY e BHY Ereted from

the group consisting,of  al kvl ene | A6 Fh&¥iofeninkd Woxipoe:

di oxi de, ozone,™ cﬂ/%a?%&\ésﬁenﬂ)g?lrgl)? daet?édég%]cnﬁ%ﬁ rE:r om de._95. he rrlgt hod of
claim 4 wher ei noﬁlﬁ@aiﬁumﬁ@ﬁifammﬁiﬂfemi@hhfdreneffcxtii\drelmﬁOf T¥neswist hod of
claim5 wherein the fum gant conprises ethyl ene oxide and an

2. The method of claim 1 wherein the pressure in the system is between about

0.5 and 1 atm for said evacuating step.

3. The method of claim 2 wherein the pressure in the system is between about

0.5 and 1 atm for said introducing step.

4. The method of claim 2 wherein the fumigant comprises a compound selected
from the group consisting of alkylene oxide, chlorine dioxide, fluorine
dioxide, ozone, hydrogen peroxide, and methyl bromide.

5. The method of claim 4 wherein the fumigant comprises ethylene oxide.

6. The method of claim 5 wherein the fumigant comprises ethylene oxide and an

inert carrier gas.

7. The method of claim 6 wherein the inert carrier gas is a halogenated
hydrocarbon.
8. The method of claim 7 wherein the halogenated hydrocarbon is selected from

the group consisting of CFC-12; HCFC-22; HCFC-124; HFC-125; HFC-1343;
HFC-236fa; HFC-227ea; and combinations of two or more thereof.
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inert carrier gas. 7. The nmethod of claim®6 wherein the inert carrier gas
is a hal ogenated hydrocarbon. 8. The nethod of claim7 wherein the

hal ogenat ed hydrocarbon is selected from the group consisting of Cﬁ%}lﬁfmﬂﬁ
HCFC- 22; HCFC- 124; HFC-125; HFC-134a; HFC 236fa; HFC-227ea; and

conbi nations of two or nore thereof. 11 09JUL2004 9. The nethod of claim$8
wher ei n the hal ogenat ed hydrocarbon is selected from the group consisting
of HFC-125; HFG-227ea: g carbbieiseldaed fafmcl ai m 9
wherein tae fufghgeg%%ﬁ%%ﬁppg?@ggmé%%%mé}%]ta!)c;kgggg(g h\é%rg wei ght % et hyl ene

oxi de; about 75hé @roapeutisiQhgeiHFC-1%6;HEEC 223¢2; and capbuatioBs theregbout 15

wei ght % HFC-227ea. 11. The nethod of claim 10 wherein said closed system
further conprises at |east one passageway through which fluids may fl ow.
12. The hod .qf ' LIS : 16sQB6HY NESatpuo®s de for
the intr QUct i’@jﬁlgéﬁgb%}fé%ahwg?i@ﬁ%ﬁme%&?pé%n?gogg?d at | east one
passageway. 13.welliet %WetHybshealidd, abont I3 tovaleowsion veaght % yEien?2disand ahatier

handl i ng system 14. The nget hQL&{}g{:g&%ai m 12 wherein said systemis a system
t hrough whi ch ario ahguebuyerht o#e€215. The method of ciaim 12 wherein

said system conprises at |east one of a tank, vessel, piping, conduit,
coupling, valve, and conbinations of two or nmore thereof. 16. The nethod
of cl ai m 15. wheTlrimethbé opcleis 0P evhierein bad slosedsystesn Huthee 6PMBEBHHA 1955 and 1

atmfor said evacuating step. 17...The nethqd.of claim 16 wherein the
hal ogenat ed hy%@é?%ﬁw?léﬁg%‘fé’c"t’lélﬂgﬁ%lﬁmatyh%o%'r oup consi sting of HFGC 125;

HFC- 227ea; and conbi nati ons thereof. 18. The nethod of claim 15 wherein the

fum gant conprises ethylene oxide and an inert carrier gas.. 1,1Ah
12.  The method of claim 11 wherein said one or more openings provide for the

introduction and elimination of fluids in said at least one passageway.
13.  The method of claim 12 wherein said system is a water handling system.

14.  The method of claim 12 wherein said system is a system through which an

aqueous fluid flows.

15.  The method of claim 12 wherein said system comprises at least one of a tank,
vessel, piping, conduit, coupling, valve, and combinations of two or more

thereof.

16.  The method of claim 15 wherein the pressure in the system is between about

0.5 and 1 atm for said evacuating step.

17. The method of claim 16 wherein the halogenated hydrocarbon is selected from

the group consisting of HFC-125; HFC-227ea; and combinations thereof.

18.  The method of claim 15 wherein the fumigant comprises ethylene oxide and

an Inert carrier gas.

11A




09JUL2004 19. The method of claim 18 wherein the fum gant conpri ses about 8
to about 25 weight % ethyl ene oxide; about 75 to about 92 weight %
HFC-125; and about 5 to about 15 weight % HFC- 227ea. 20. The nethog gofyL 7004
claim12 wherein said systemis selected fromthe group consisting of

wat er purification equi pnent, water storage equi pnent, cooling towers,
fluid handling systens, and ballast systens. 21. A nethod of fum gating a

o 0529 [ 11g Pr ok ecky o SPOLEK|ELsy A S S¥shem ssamerysepa L | eae!

one i nner 1&urf openi ngs or the introduction
and el i mi nat i oR,fitioh Wirdfenietixaies Mbeht 95 3¢ sout S2nckighe UhEIF G b2 raind i2hept
evacuating said system under subat nospheric pressure and introducing an
ef fective ampunttoeboat Fuweighhte Rt d2ded.- d system through at | east one of
said one or nore openings to expose said at |east one surface to said

fum gant for an effective tinme of exposure. 22. The nethod of claim21

wherei n thg i nefife ;h@hbd 6f cl8RS 12 Wherdiabadepaineds sehsetdoftem Hlongroun 13
consisting of water purification equipment, water storage equipment, cooling

towers, fluid handling systems, and ballast systems.

21. A method of fumigating a closed fire protection sprinkler system, said system
comprising at Jeast one inner surface and one or more openings providing for
the introduction and elimination of fluids into said system, said method
comprising evacuating said system under subatmospheric pressure and
introducing an effective amount of a fumigant into said system through at least
one of said one or more openings to expose said at least one surface 1o said

fumnigant for an effective time of exposure.

22.  The method of claim 21 wherein the inert carrier gasis a halogenated

hydrocarbon.




