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A sunlight—ultraviolet-stable biocide composition for use in treating recreational and industrial water systems is disclosed which
comprises an oxidizing halogen compound and a stabilizer, wherein the stabilizer is either benzenesulfonamide or a derivative thereof.
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protects problem in swimming pools, spas, and hot tubs and can

also be a serious problem in certain industrial water
treatment applications, such és decorative fountains,
settling and cooling ponds, clarifiers, etc. Without the
addition of a proper halogen stabilizer, over 50% of the
halogen will decompose in less than half an hour under
normal sunlight illumination.

Based on the principles of photochemistry, for an
oxidizing halogen compound to be degraded under UV
illumination, two process steps must occur. The first
step is UV absorption of the molecule by which the
molecule is excited to an higher energy state. In the
second step, the excited molecule uhdergoes a
photodegradation reaction. By underStanding the
mechanism of this reaction, two approadhes can be taken
to prevent a halogen from undergoing phbtodegradation.
The first approach is to look for an oxidizing halogen
compound that has minimal light absorption in the UV
range (sunlighF-UV is from 290 to 400 nm). The second

‘approach is to look for an oxidizing halogen compound
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oxi di zi ng halqggnngoﬂngHdpgggtﬁcal means to protect bromine from such

degradation. Therefore, bromine is limited to only about
10% of the specialty biocide market share and is used
principally for indoor pools and spas. Bromine is
preferred for pool use because antimicrobial performance
is superior to chlorine and bromine is less irritating to
soft tissues and membranes,-such as in and around the
eyes. U.S. Patent No. 3,493,654 (Goodenough et al.)
describes the use of succinimide as a stabilizer to
increase the half-life of bromine in UV illumination.
Hoﬁéver, although some UV stability is achieved, none of
the stabilizers disclosed in the Goodenough et al. patent
are used commercially because they are either not
practical or effective enough.

Currently, degradation of chlorine, but not bromine,
can be substantially prevented in sunlight-UV by using an
organic stabilizer such as triazine-s-trione (cyanuric
acid). Commexrcially, chloroisocyanurate is the principal
specialty biocide used in pools for microbiological .
control (approximately 90% of the specialty biocide

market share) because the cyanurate stabilizer protects’
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Accordingly, it would be desirable to develop a
biocide composition for use in treating recreational and
industrial water systems which is sunlight-UV stable,
economically—-appealing and has a wide operational window.

SUMMARY OE THE INVENTION

The biocide composition of the present invention
comprises an oxidizing halogen compound and a stabilizer,
wherein the stabilizer is either benzenesulfonamide or a
derivative thereof.

The inventive biocide composition is sunlight-UV
stable, economically-appealing and has a wide operational
window for use in treating recreational and industrial
water systems. o . _ . S

vDETAILED_DESCRIPTION OF THE INVENTION

The present invention is directed to a sunlight-UvV-

stable biocide composition for use in treating -
recreational and industrial water systems. The biocide
composition comprises an oxidizing halogen compound and a

stabilizer.
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The stabilizers which may be employed in the

practice of this invention include benzenesulfonamide and
derivative compounds of benzenesulfonamide, such as 4-
nitrobenzenesulfonamide and 4-carboxybenzenesulfonamide.
Benzenesulfonamide and 4-nitrobenzenesulfonamide are
preferred.

The molar ratio of the stabilizer to the oxidizing
halogen compound in the'biocide composition is preferably
about 0.1:50, more preferably about 1:10, and most .
preferably about 1:1. '

" The present inVentors have discovered that the
inventive biocide composition can be effectively used to
inhibit microbial growth in recreational and industrial
water systems. Moreover, the biocide composition has
been found to be sunlight-UV stable. This finding is
unexpected'becausexother bromine stabilizers, such as
sulfamate, are not able to provide protection for bromine
from sunlight-UV degradation. .The sunlight-UV stability
of the biocide composition can be changed by varying the
ratio of the stabilizer to the ﬁalogen within the range

described above.
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. ponds, reservoirs, decorative fountains, industrial

pasteurizers, evaporative condensers, clarifiers,
‘hydrostatic sterilizers and retorts, gas scrubber
systems, air washer systems and wastewater treatment
plants. The oxidizing halogen compound and stabilizer of
the biocide composition can be added to the industrial
water system by any conventional method either separately
or as a composition containing both components.

It is preferred that the amount. of oxidizing halogen
compound which is édded to the recreational or the
industrial water be in the range of about 0.1 ppm to
about 20 ppm. More preferably, the amount of the
oxidizing halogen compound is from about 0.2 ppm to about
5 ppm, with about 0.2 ppm to about 1 ppm being most
preferred. '

It is'pfeferred that the amount of stabilizer which
is added to the recreational or the industrial watef be
in the range of about 0.1 ppm to about 100 ppm. More:
preferably, the amount of the stabilizer is from about
0.5 ppm tc about 50.ppm,'with about 1 ppm to about 10 ppm

being most preferred.
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4.7 : 2 ExamMpBed Exanple 3 A bottle

cont.ai ning the concentrated NBB .sol uti om—prepared above in Exanple 1 was
put into a 57 [err]Thewictlobing e¢vampiesi aset hntenfedt &bi bety. Sanpl es

were withdrawn qver, a 20-day.pgLio a he N r L0 9%.aS
broni ne). As Ao § ngq'agﬁr’éé gfégﬁgghlgg@g}:g??o%ﬁ%gggtt%% a,ﬁé;l‘nOf
el evat ed t enpeyriifi£r§ osk Bl ehdentedmpkei addofisei the invention.  These
I&?;g Er[err])gﬂéﬁéfegygze pot intended ggBlﬁﬁqglghgg;yaention or it§

6. 62 protection in any way. 7.04 13
7.25 20 ' 7.40 Exanple 4 w
degradati on ex§xampd@tL were conducted in a |aboratory UV chamber, equi pped

with both WA and UYB, ) agpgmst 8£C80RANBOHN WY Slualid ity 20f muardPusater.
brom ne- based bi ocides. “Vari ous oxi di zi ng hal ogen conposjtions were added
to 200 m of Lﬂtgmseoﬂehﬁnaeneéél\ﬁﬂﬂérﬂi%ﬁ wyere then added to the
"alkaline water and the solution was mixed until the
benzenesulfonamide completely dissolved. Liquid bromine
was then slowly added to the solution. The resulting
biocide composition was 7.2% as Brz {or 3.18% as Cl: by
DPD-FAS free residual titration according to Standard
Method 4500-Cl F) of N-bromo-benzenesulfonamide (NBB)
with a pH of 12.8.
Example 2
The biocidal performance of the NBB prepared above
in Example 1 was tesfed against Pseudomonas aeruginosa
culture at various dosageé. The test was performed in a
phosphate buffer solution having a pH of approximately
7.5. The contact time between the biocide and the.
bacteria was 4 hours. The biocidal efficacy of the
tréatment was determined by the TGE plate count method
(Standard Methods for the Examination of Water and
Wastewater, 19th ed., Method 9215C) and the results were
expressed by the'logarithm reduction of the colony
formation unit. 'As.shown below in Table 1, there was
significant biocidal éctivity at low dosages. The

halogen concentrations were as dosed.



90X50 crystalli | di sh to achieve a resulting concentratio f 10
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illum nation. The WV chanber was constructed according to ASTM st andard
test nmethod E 896-92. The |ight intensitpyie tfie sol ution surface was
constant at 160 footcandles —(ne nilliliter of sanple was then withdrawn
fromthe dish at JaNBBySoncentration Dosed Log Reduction 8 finme
intervals for actilve hépPpBeascEhdesdting)i on |det ernmination. The hal ogen
concentration was |determ ned 989 DPD col orinetric nethod (4t andard Met hods
for the Exam natijon of Water and Wastewaten, 19th ed., &A#thod 4500-Cf G
after 10-fold dil dtion. " 1.As shown below in Table 34.Z2he UV stabillity
was much greater {for the invedtive biocidefconpositionsstthan for the
oxi di zi ng brom ne compounds, such as hypobromte and STABREX. .
Table 3 Brom_ne o I\?GBr[err] -NaOBr  NaOBr NaOBr BCDVH er r ]

BCDVH  STAB STABREX source Stabilizer -none BSAM err]
. BSAM err] A bottI®n€ontainBfifMche @OMEentrateBHEE BEOTROELHO --

1:1 1:1 1:1 - 1:1 - - . 1:1 stabilizer
_ prepared above in Example 1 was put into a 57 °C water

"bath to test its thermal stability. Samples were
withdrawn over a 20-day period to measure the NBB
remaining (% as bromine)'. As shown below in Table 2, the
NBB solution was stable at an elevated temperature for an
extended period of time.

Table 2

Time (days) ' NBB Remaining
' (% as.Br3)

0 7.70
2 6.62
8 : ' 7.04
13 7.25
20 7.40

Example 4

UV degradation experiments were conducted in a
laboratory UV chamber, equipped with both UVA and UVB
lamps, to compare the UV stability of various bromine-
based biocides. Various oxidizing halogen compositions
were added to 200 ml of ultrapure demand-free water in a
90X50 crystallization dish to achieve a resulting
concentration of about.IO ppm (as Cl,). The dish was then
put inside a UVA&B chamber for UV illumination. The UV
chamber was constructed according té ASTM standard test
method E 896-92. The light intensity on the solution
surface was constant.at 160 foofcandles. One milliliter

of sample was then withdrawn from the dish at various



molar ratio Tine of W Percent of hal ogen residual remaining
.expostre  WOPKIP64 esidual was measureq as free, except STAMUWW‘HS%

(m nut es) stabilizer was®measured as total . ) O
100.0 100.0,.100.; 100. 0 0 100.0 20
72.4 94.9 tige g ntervci§7f%; actyze ha?oge@zcsncen?§a§ ion 88.1 40
67.3 90.7 déﬁbﬁhlnatlonBQ'Bhe ha¥8gén conc84t@at1057wﬁs detetdﬂnéﬂGO
61.2 86. 4 8 80
55.1 81.4 anPRP °°l°rl’8%t%l° me%‘?é (Stangéré Met@S’df for the/3 0 100
48.9 76.3 Eiﬁhﬁhatlon of5W9ter a§8 ﬁastewa@%ro 19t%0ea Methdi. 8 120
40. 8 72.0 : 65.1 140
36.7 66.1 455243-611 G) af7‘2e12 "10- f°!3# #llutezne .- -- 150
C T “Bs shown below in"Table 3, the UV s%%bﬁllty waéx%ﬁ%HGO

33 7 61.9 55.3 71.3 37.7 60. 0 1l err]
or der 0.0Faten. HOB tiye obyBenthveopiocigep@esiposd tgems whay 180T
0. 0032 decay T n)
Hal ogen Jehe oxg%izlngosromlne388mpoundf02such ffbhypé§géﬁf¥é A@%
life (mn) STABREXr]NaOBr = sodlun1hypobron1te [err] BCDVH =
br ono- chl or o-di met hyl hydant oi n [err = a stabilized sodi um
hypobrom te avail able from Nal co Chenlc§T npany [err] BSAM =
benzenesul fofrmmm:ie Np@AT! || GBSAM Ha0Hz ¢ hNEFx Y BGRET] e BADM® {oTRBREX” | STABREX
[err] NBSAM = B! 5 -
Exanpl e 5 ::'_2:111 e 'é_l‘a%% }‘S_SPI t |ﬁ|§% Jg?%AEI f uﬁgn%bu BP??:IMII l':—.nA.ogﬁpi 54 l—?sﬂm
conduct ed t o] & iuﬁéﬁ the Uy stabjlization of | chl or|ne-bdsed biogi des.. |As
shown bel ow mﬂﬁable 4, a 1.1 nof ar rafio of |sodi un) hypochlorite |to
benzenesul fonﬁﬁﬂ;‘f {I‘\;{"” ded-pett CPez@éz&t 174 ‘hlal’déefx Ssidnal remaining

exposure (All residual was measured as free, except STABREX with no

{minutes) stabilizer was measured as total.)

0 100.0 | 100.0 | 100.0 [ 100.0 ] 100.0 ] 100.0 | 100.0 100.0

20 72.4 94.9 [92.9 97.2 92.5 92.0 | 16.3 88.1

40 57.3 [ 90.7 [90.1 89.8 79.2 84.0 | 57.6 81.7

60 61.2 | 86.4 | 83.0 87.0 67.9 78.0 | 44.6 7.8

80 55.1 | 81.4 | 78.0 B80.6 62.3 70.0 | 38.1 73.0

100 48.9 | 76.3 | 69.5 75.9 52.8 68.0 | 30.2 69.8

120 30.8 | 72.0_ | 66.0 74.1 11.5 64.0 | 24.5 65.1

140 -] 36.7 66.1 | 59.6 72.2 37.7 62.0 | —- ==

150 — — - - - — 18.0 60.3

160 33.7 | 61.9 | 55.3 71.3 37.7 60.0 | — -

1°° order 0.007 | 0.003 | 0.0038 | 0.0023 | 0.0068 | 0.003 | 0.0113 0.0032

decay 3 0 3

rate ’

(1/min) ]

Halogen 95 231 . {182 301 102 210 61 216

half- .

life (min)

NaOBr = sodium hypobromite
2BCDMH = bromo—chloro-dimethylhydantoin
3STABREX = a stabilized sodium hypobromite available from Nalco Chemical
Company : N
‘BSAM = benzenesulfonamide )
SCBSAM = 4-carboxybenzenesulfonamide’
*NBSAM = 4-nitrobenzenesulfonamide

Example 5
The'same.expériménts.performed'above in Example 4
were conducted to evaluate the UV stabilization of
chlorine-based biocides. As shown below in Table 4, a
1:1 molar ratio of sodium hypochlorite to |

benzenesulfonamide provided'bétter protection for



9 chlorine t‘%%gzs%izo mol ar r_g_t_l:_o of SOdI um hypochl orite tﬁrf%@:’? 890

acid.. ; Tabl e Chl ori ne source
NaCOCl NaOCl NaCd NaOCl NaOC Stabilizer none CYAlerr]

CYA CYA Cﬁ?é¥ e ] ha{}lB%M'eZG]mofﬂ OféEE‘%t 8¢ spdigm hyi:ojchloré. € ot

1: 20 1:1 sta l'izer nolar ratio

of hal ogen respdwanruefrm @AHE - exposure - (Al residual was neasured
as free, except BSAM and - (m nutes) NBSAM wer e neasured as
total.) O 100.0  100.0 f@é’l(? 4100 0 100.0 100.0 20

50. 4 .52. 3 [ChBéxi@e soGrkes| NaOCQD 1| NaGrz 7 NaOCL | N&®14 | Nao@B. 4

38.4 87.9 |Btabilizexg g [pene CYA"  qleCY] YA ] BSAM O | NB3MM3 136 4
78.9 80 chlomingd®> [10.2 |'ik.2 '16é‘?2 1% o [1¥7.2 | ¥do

10.1 6.8 moldk tatio68.2] 76.5{ 69.3} 120 8.5 4.6

6.1 67.3 8of ©5.8 [4 0(&11 P:;cent f‘halogenéteﬁlg;al rdmdining H50. 111 70. 4
61.4 160 exposurq 7 resigug. was msasured gg fyee Rt Bfpeepd gr der
decay 0.0230 -EBEE 66214 06‘?160’%1 %ﬁéﬂias%%ﬁéo(“f&n“&

Hal ogen hal f - [3530 33 50.43 52082 | 504€4 |94 330 Uﬁ-ﬂl)

[err] NaOC1 = domi_um hypochl beétie Brd CYA 38.¢yan@arixc auea"‘?;E
benzenesul f ondi®de  ANBSAM £1%1-6ni t H3RehzencAiBf o Akitde | 86.4 78.5
80

13.2 10.2 16.2 69.2 79.0 77.2
100 10.1 6.8 10.1 68.2 76.5 69.3
120 8.5 4.6 6.1 67.3 72.8 65.8
140 7.0 4.6 4.0 56.1 70.4 61.4
160 4.7 3.4 4.0 55.1 64.2 61.4
1°* order decay 0.0230 0.0212 0.0211 | 0.0038 [ 0.0031 | 0.0021

rate (l/min)
Halogen half- 30 33 33 182 224 330
life (min)

sodium hypochlorite
cyanuric acid

3RSAM = benzenesulfonamide .
‘NBSAM = 4-nitrobenzenesulfonamide

Example 6

Additional testing was conducted to investigate the

N
Q
[

now

effect of excess stabilizer on the biocidal performance
of hypobromite. The same bacterial culture was used and
a similar testing procédure'was followed as in Example 2.
Phosphate buffer solution was used as the reaction media.
Sodium hypobromité solution was freshly prepared by
stoichiometrically reacting sodium bromide with sodium
hypochlorite. This solution was used as the oxidizing
bromine source. 1% w/w of benzenesulfonamide solution was
prepared separately at an‘alkaline pH condition. The

. sodium hypobromite and benzenesulfonamide stock solutions
were dosed separately into the phosphate buffer solution
containing about le6 cell per ml of Pseudomonas
aeruginosa. A portion of theltesting solution was then
taken at various time intervals for bécterial count
determination. The teSt.results are shown below in Table
5.



Exanpl e 6 P@g%h&ional testing was conducted to investigate the effect
of ‘excess st abP P4 on the bi oci dal perﬁarnance of hypobronifﬁ?“@ﬂwmgghe
bacterial culture was used and a.simlar testing procedure was f.ol |l owed as
in Exanple 2. Phosphate buffer solution was used as the reaction nedia.
Sodi um hypobromte solution was freshly prepared by stoichionetrically
reacting sodi um brom de with sodium hypochlorite. This solution was- used
as the oxidizing bromne source. 1% w w of -benzenesul f onam de_sol uti on was
prepared separately at an al kaline pH condition. The sodium hypobromte
and benzenesul fonam de stock solutions were dosed separately into the .
phosphate buffer solution containing about 1e6 cell per ml of Pseudonobnas
aerugi nosa. A portion of the testing solution was then taken at various

time intervals for bacterial count determ nation. The test results are
shown below in Table 5.
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10 ) err] -~ As denonstrated above in Exanp 5,
benzenesul f oW WEXHovi des excel | ent sunf4 ght- WV stability forP(ES?/HﬁqWS%‘t
a 1:1 nolar ratio. Therefore, the results shomm in Table 5 indicate that

t he benzenesul f onam de-brom ne system has a w de operational w ndow (up to
a concentration factor of 10) that does not significantly affect the

bi oci dal perfornanmg(ﬁemnnBMIutedMEbover1nbEKampéetEe persi stency of the
hal ogen in th test solu %}on | proves. ddltlon aof

benzenesul f on n(?@ S SR %50‘61‘&“?% ?nggﬁ Ptz 8P P Vor e
economi cal | y- appedliitgy for bMWhmigetde aresenmoua»:e&hltqra; 1 s Tirseafbed, above

. the results shown in Table 5 indicate that the:
benzenesuifonamide—brqmine system has a wide operational
window (up to a concentration factor of 10) that does not
significantly affect the biocidal performance of bromine.
Moreover, because the persistency of the halogen in the
‘test solution improves with the addition of
benzenesulfonamide, the application of this stabilizer is
even more economically-appealing.

While the present invention is described above in
connection with preferred or illustrative embodiments,
these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is
intended to cover a;l alternatives, modifications and
equivalents included within its spirit and scope, as

.defined by the appended claims.



connection w t.hl bref erred o.r | | | ustrat | ve f,ﬂ"(!l}lwumz""l"%oenbodi_ ment s

are not intem@a@36be exhaustive or |ini hewi nye nPCRAISHUITEG o
invention is intended to cover all alterfatives, nodifications and
equi val ents included within its spirit gnd scope, as defined by the

appended cl ai s. _ _ CLAIMS 12 .
CLAI MS L Asuniiobbad heviotehysbalhe shBakis gaprsi ti on
conpri sing an oxidizi ng hal ogen conpound and a stabilizer, wherein the

stabilizer i compestetofrcpmphbsgnrgupnconsideing oplesere moandwrmae and
derivative conmpounds, o e f ' 1 4 m Lt 0 f
claim1l wherét ns‘f%u%ﬂo])'(l;%‘lpﬁP‘?\ggﬁg#%ggﬁég%%gﬁ%&ziegégl es-(:gt’ige ro%ﬁft I{é 1g['g‘rrlgup
consi sting ofgoxusi congistingi o€, bbnernresudddnamdidee aguhmpideative 3.
The conposition of clai n]éz V\Qergi nu%?g QXil, i(azi ng chl ori ne conpounds are
sel ected fronFPPROYIRpCEoRETEETRG EAf'3F e, hypochl orite, hypochl or ous

acid, chlorinated psocyanar abrpoatdiohl efoaliaies.1 whereln thwe conposition
of claim2 wherein the oxidizing brom ne,conpqunds are selected fromthe

gr oup Consi st oREALFLBE oRRARISRy FEBPGRPAS 1 o FEaRTTRSLS, B (MBI OFPHE |
~chloride, brO@BﬁE%éeiﬁgdbEEbhihﬂyda@t ehlorSh@h)i Idrzad rep dindn ty@Ddheoni t e- and

br omam nes. , he conposition of claim2 wherein the oxidizing
i odi ne conpounempanedse| ected fromthe group consisting of iodine,

hypoi odi te, hypoi ogous agidcolBeRRRILAS ANE1ILWRM Niferein the The
conposition of claim 1l wherein the stabilizer is benzenesul fonam de.
7. Thé conposidishngf cblgring weapouRdshare selected from the group

consisting of chlorine, hypochlorite, hjpochlorous acid,
chlorinated isocyanurates and chloroamines.

4. The composition of claim 2 wherein the
oxiaizing bromine compounds are selected from the group
consisting of bromine, hypobiOmite, hypobromous acid,'
bromine chloride, bromo-chloro-dimethylhydantoin,
stabilized sodium hypobromite and bromamines.

_ 5. The composition of claim 2 wherein the
oxidizing iodine compounds are selected from the group
consisting of iodine, hypoiodite, hypoiodous acid;
iodophores and iodamines.

6. The composition of claim 1 wherein the
stabilizer is benzenesulfonamide.

7. The composition of claim 1 wherein the
stabilizer is 4-nitrobenzenesulfonamide.

8. The'composition of claim 1 wherein the molar
ratiq'of the stabilizer to the oxidizing hélogen compound
is about 0.1:50.

9. The composition of claim 1 wherein thelmolar
ratio of the stabilizer to the qxidizing halogen compound
is about 1:10.

THIS SHEET HAS BEEN
REPLACED




stabilizer is 4-nit robenzenesul f onam de: “II“N“I““IH“I!I)M‘L tion of claim

1 viherei n t heW@OI9&236at i o of the stdbilizer *tocthe ok%idi zi ng h R GCRfE$p9/07890
conpound i s about 0.1:50. 9. The éénpomtlon of claiml vvherel n the
nolar ratio of the stabilizer to the, oxidizi n . hal o?{en cqrrpongl[d I s about

1: 10. 10."'The composition ot cldipy 1THBSZEHS0SS GIPXAT ol ai m

1 wherein the r'ye'l%r J@tﬂrfé @téﬁﬂﬁi@@'iézﬁhet Bxk e z9xigdhaileg dial @gfsound
conpound is about 1:1 . A nmethod of inhibiting mcrobial growmh in

a wat er systemsc@mqtsﬂrrgl-t he step of adding to the water effective
I nhi biting amounts ;gf ary %Eﬂ&d”&fhﬁﬂﬂﬁﬂtiﬁapﬁHEQo%&@lag?&hiﬂ':Zr?r

wherein the stabilizer is selected fromthe group consisting o
benzenesul f onaritee mm|mpmeszswpbhﬁd§tgp pén2dding mé-ﬂi%léﬂater 12.

T e hnod, o sHAdR e WIALALILRE BHLIRELT 82" 3hoRN AU IR Syae! oot od

fromthe grouf ¢Sieistd iy of
conmpounds.- conip’i:uriﬁleammmosit@'lblbiaem 1fheredai rl:hteh@t@hlduzzenwg 9l orine

conmpounds are sel ecte rom 5 O ite
ypochi or ous. SERECTAH ooty et SEEHB EPHBLE Y p SsadibnluaRaRIG!
met hod of cl aldﬁ&%d&fﬂﬂﬁvé heompodndsngfbbemzramecamﬁﬁmm&@ae sel ect ed
Lrom t he ﬁlroupdconz_llr%s)tl n,g%é) ?ﬂggﬁ F?{lgobrﬁ? ﬁﬁle& q%rom)us ngng
rom ne chloride o- y I am
hypobromi te a%]ﬁ&@é@n&é&ﬁpound islBelébeedietfiioh afhelptond Zovet stinghef

oxi di zi ng iodine conmpounds_are selected fromthe group con5| St i ng of
i odi ne, * hypoi oWkt 23RPoFdHBES Sei Brof“EJHSpI"i‘&deswéﬁdl é 16. The

met hod of claim 11 yhererRetn8thbabblEl 222im 12 wherein the ox1dlzlng_
chlorine compounds are selected from the group consisting
of chlorine, hypochlorite, hypochlorous acid, chlorinated
isocyanurates and chloroamines.

14. The method.of claim 12 wherein the oxidizing
bromine compounds are selected from the group consisﬁing
of bromine, hypobromite, hypobromous acid, bromine
chloride, bromo-chloro-dimethylhydantoin, stabilized
sodium hypobromite and bromamines.

15. The method of c¢laim 12 wherein the oxidizing
iodine compounds are selected from the group consisting
of iodine, hypoiodite, hypoiodous acid, iodophores and
iodamines.

16. The method of claim 11 wherein the stabilizer
is benzenesulfonamide. '

17. The method of claim 11 wherein the stabilizer
is 4-nitrobenzenesulfonamide. .

'18. The method of claim 11 wherein the oxidizing
halogen compound is added to the water in an amount of

from about 0.1 ppm to about 20 ppm.

_THIS SHEET HAS BEEN |-
REPLACED




i s benzenesul f onani de. 17. The: ivet hooll“ﬂ!li"”j”!lﬂll!%tel n the
stabilizer isW23¥Ebenzenesul f onani de. 1q ) oPCAYEoRIO18P
wherein the oxidizing hal ogen conpound i s added to the water in am anount

of fromabout 0.1 ppm tq,.about, ,20.p . . s 14

10, The method of Oiki mIHE RV The ki 3t A5 bBeRPEoRBAGIE RS added

to the water Khalagedusipaind rien added o 2tippnvateabint ah apount of 20.

The nethod of claim11 V\/noer in the o idi€i€g hal ogen conpound i s added to
p

the water in &FEhERAY01Y 14 FRBLULE wPB- about 1 ppm 21. The

met hod of -cl ai m 11 ggher epre therisddbdf | €B8imS18ddRErEOnt BReVBKE| iz ra
anount of from about 0.1 ppmto, about 100 pgm .22.  The nethod _ of
clai m 11 wher diadagan GUERPYRIRris saddeddtPothfiewahitsr iPnaBnaBRYdH F from

about 0.5 ppm Qgﬁg 20 PPMom to Wout MeppRt hod of claim 11 wherein
t he stabilizerérl%gﬁa ed to th%epwater in an alr)rgﬁnt of from about 1 ppmto

about 10 ppm 24. The metked offcririmlllwibeseant kBewstabidyicaem i s
ti |, t 5; . d .ef [ i h
a recrea 'Ona.ls""%c?&eﬁgtrséﬁgi]‘xe wate? in Jﬂeaﬁ‘éﬁﬂezgg .F%Eﬁ;' gb%ﬁ&"‘"b}?fle‘l%rﬁ e

wat er systemis a 1 n wat er system met'hod of claim 24
wherein the rexy edownal 0dapem. systemis a sw nming pool. 27. The

method of cl aim 24 pher b, g f84" e8! 8135 31 ChnYREA MY ALBHAONL,

swi mmi ng pool . _
is added to the water in an amount of from about 0.5 ppm

to about 50 ppm.

23. The method of claim 11 wherein the stabilizer
is added to the water in an amount of from about 1 ppm to
about 10 ppm.

24. The method of claim 11 wherein the water system
is a recreational water system.

25. The method of claim 11 wherein the water sjstem
is a industrial water system. |

26. The method of claim 24 wherein the recreational
water system is a swimming pool. '

27. The method of claim 24 wherein the recreational

water system is an outdoor swimming pool.

TV THIS SHEET HAS BEEN |
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