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Bromine is a popular sanitizer for pools and spas. 
This popularity is due to the beneficial effects that 
bromine imparts to the overall swimming experience. 
Relative to chlorine sanitizers, bromine results in less 
eye and skin irritation, decreased odor, and reduced 
bleaching of hair and clothing. Bromine pool sanita
tion systems may also make the water feel softer, im
prove pool clarity, and reduce corrosion. The effec
tiveness of bromine as a primary sanitizer and algi-
cide has not gone unnoticed. Indeed, the benefits of 
bromine in algae prevention and control has resulted 
in a number of problem-solving products in the mar
ketplace. 

Although bromine provides many benefits and 
is used extensively in the pool industry, it remains a 
specialty sanitizer primarily used in spas and indoor 
pools. This may be due to the fact that effective stabi
lizers for bromine - i.e., like cyanuric acid for chlo
rine - are unavailable in the marketplace. Here we 
describe some of our lab and field studies towards 
development of such a stabilizer trade named 
BROMIshield™. We find that this stabilizer dramati
cally increases bromine residuals by a factor of three 
or more in outdoor applications when used in con
junction with the Bromitron® Bromine Generator 
System. The ready availability of this new stabiliza
tion technology should prompt increased use of bro
mine in pools and other outdoor applications. 
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Introduction 

Bromine can be introduced into pools and spas 
i n several ways and these methods have been re
viewed (Duccini 1993, L o w r y 1996, Wi l l iams 1995). 
One popular method employs so-called bromine tab
lets. These slow dissolving tablets are par t i cu lar ly 
suited for f l ow-through and erosion feeders and make 
i t relatively simple to m a i n t a i n a continuous bromine 
residual for sanitation purposes. Another method re
quires use of t w o - p a r t systems based a bromide ion 
source such as sodium bromide and an activator such 
as potassium monopersulfate. These systems are par
t i c u l a r l y s u i t e d for spas a n d t y p i c a l l y r e q u i r e 
manua l dosing before and after bath ing act iv i ty and 
periodic dosing dur ing periods of inact iv i ty . A t h i r d 
method of introducing bromine involves continuous 
activation of bromide ion by electricity. This latter 
approach has much appeal since i t easily maintains a 
continuous bromine residual and l imi t s the handl ing 
and storage of i r r i t a t i n g or potent ia l ly hazardous 
chemicals. 

Un i t s to electrically convert bromide ion to bro
mine have appeared i n the patent l i t e rature and sev
eral units are available commercially (Lisboa 1995, 
Atkinson 1989, H o w a r t h et al. 1995, H o w a r t h and 
Dadgar 1991). We chose a Bromitron® Bromine Gen
erator (Bromitron, Inc. , Orlando, FL ) for this work 
(Wilhams et al. 1993). This u n i t consists of several 
graphite plates arranged i n a canister. Rectified cur
rent (15V DC) is applied to the plates which causes 
oxidation of bromide to bromine and format ion of 
hypobromous acid. The pert inent chemistry is shown 
below: 
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2 N a B r + 2 H p >̂ Br^ + 2 N a O H + Kg (Electrolysis) 
Br^ + H p >̂ H O B r + H B r (Hydrolysis) 

N a B r + 2 H p >̂ H O B r + N a O H + H^ (OveraU) 

Overal l , one molecule of sodium bromide is converted 
to one molecule of hypobromous acid. Co - products 
are sodium hydroxide and hydrogen. Only a small 
amount of bromide is oxidized to bromine per pass 
through the u n i t . 

I t is weU k n o w n that sanitizers such as chlorine 
or bromine can be rapidly depleted upon exposure to 
heat, sunl ight , bather load, bacteria, etc. This places 
tremendous demands on these sanitizers, particularly 
d u r i n g the hot summer months where pool tempera
tures can rise to 90°F, sunl ight exposures can last 14 
hours per day or more, and bather loads are h igh . 

The existence of effective stabilization technol
ogy for chlorine is the basis for its widespread use i n 
outdoor pools. Wi thout stabilizer, the ha l f - l i f e for loss 
of chlorine is 12 minutes at p H 8 (Nowell and Hoign6 
1992). N S P I guidelines recommend mainta in ing cya
nur i c acid levels between 30 and 150 ppm i n outdoor 
pools to mit igate this loss (NSPI 1995). Addit ion of 25 
- 50 p p m cyanuric acid can reduce chlorine consump
t ion by a factor of 2.5 (Unhoch et al. 1996). 

I n the case of bromine sanitizers, effective sta
bi l izat ion technology is unavailable i n the market 
place. This lack of a readily available stabilizer for 
bromine s t imulated our interest to develop such a 
mater ia l . 

Results and Discussion 

Identification of Bromine Stabilization Candi
dates - Initial Screening Work 

O u r i n i t i a l s tudies focused on i d e n t i f y i n g 
whether i t was possible to stabilize bromine since i t 
is generally held i n the industry that you can't stabi-
hze a bromine pool (Costanzo 1998). We developed an 
outdoor testing protocol i n wh i ch stock solutions con
ta in ing about 4 m g / L bromine were exposed to f u l l 
sunl ight i n presence of potent ial stabil izing agents. 
For comparison purposes, each r u n included a bro
mine control which lacked stabil ization agent. 

Figure 1 summarizes the results obtained for 
four different candidates at two different concentra
tion levels. The data are presented i n terms of h a l f -
life for loss of bromine residual and are normalized 
by setting the ha l f - l i f e for the control equal to 1. Note 
that the ha l f - l i f e for the control ranged from 35 to 55 
minutes for this series of tests. I t is clear that stabi
lizer D is the best of the group - bromine stability 
increased by a factor of 16 i n the presence of low lev
els (25 ppm) of this mater ia l . 

Not a l l the candidates we tested proved benefi
cial towards stabi l iz ing bromine. Figure 2 summa
rizes results w i t h four additional stabilizer candidates. 
Additives G and H actually promoted bromine loss. 

Further Development - Performance in Test Pool 

We eventually chose stabilizer A for fur ther de
velopment. A l though this was not the most effective 
stabilizer i n our screening tests, this was clearly the 
best overall choice based on several cr i ter ia such as 
cost, avai labi l i ty , performance, physical properties, 

R e l a t i v e 
H a l f - l i f e 

( B r 2 
R e s i d u a l ) 

^ 2 5 ppm • 100 ppm 

Figure 1 - Bromine Stabilizers: Screening Test Results 
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Pool size and capacity: 4' (h) X 24' (dia.); 12,000 gahons 
Pool location: Baton Rouge, L A 
Sanitation System: Bromitron Model B-17 Bromine Generator 
Weather: Sunny, h igh 70s 
Pool Temperature: 6 4 - 7 0 °F 
Pool Chemistry: p H : 7 . 6 - 7 . 8 

A l k a l i n i t y : 90 ppm 
Ca Hardness: 140 ppm 
Bromide: 770 ppm 
Chloride: 770 ppm 
TDS (total dissolved solids): 2.0 g/L 

Table 1 - Albemarle Test Pool 
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Figure 2 - Bromine Stabilizers: Screening Test Results (continued) 
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Figure 3 - Bromitron Test Pool: Baseline Data (no stabilizer) 
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Figure 4 - Bromitron Test Pool: Effect of Stabilizer A 
(25 ppm Stab. A added at 10:15 am on Day 2) 

and toxicology. The compound also appears on the 
F I F R A hst of approved iner t materials published by 
EPA (USEPA 1993). 

We studied the performance of stabilizer A i n 
an above ground pool f i t ted w i t h a Bromitron Bro
mine Generator located at the Albemarle Technical 
Center i n Baton Rouge, Louisiana. Pert inent data for 
this f ie ld t r i a l is presented i n Table 1. 

We wai ted for a period when the weather out
look called for clear, sunny weather for several days. 
We then commenced a three-day test of Stabilizer A. 
On day 1, we obtained baseline data by monitor ing 
the pool hour ly w i t h o u t added stabilizer (Figure 3). 
D u r i n g this period, the bromine generator r a n from 
10 am to 4 p m and then 10 p m to 4 am (12 hours). On 
day two, stabilizer A was introduced at 10:15 am (af
ter the 10 am bromine residual reading) and the pool 

was monitored hourly for an additional two days (Fig
ure 4). Note t h a t due to the h i g h residual readings 
obtained on the afternoon of day 2, the overnight bro
mine generator cycle was eliminated. The results of 
this test clearly indicate a significant benefit i n main
ta in ing bromine residuals. Use of stabilizer A led to 
an immediate increase i n the daytime bromine re
sidual. The bromine residual by the end of day 3 was 
5 times the value obtained i n the absence of stabi
lizer. I n addit ion, the stabilizer minimized overnight 
loss of bromine. 

Final Development - Application at 
Seasons Resort 

We in i t i a ted a 5 -month t r i a l of stabihzer A at 
Seasons Resort. Seasons Resort is t ime-share com-

Figure 5 - Pool at Seasons Resort in Orlando, Florida 
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Figure 6 - Seasons Resort: Bromine Residuals 

m u n i t y located i n Orlando, F L . A showcase of the 
resort is the attract ive mauve and grey paved stone
work surrounding the 20' x 40' pool. The pool has an 
overall capacity of 28,500 gallons inc luding a small 
kiddie pool w i t h an approximate capacity of 850 gal
lons (Figure 5). 

F igure 6 presents the dai ly bromine residual 
readings i n the pool before and aifter addit ion of sta
bilizer A. As indicated, addit ion of stabilizer A i n 
creased bromine residuals by a factor of 5 or more. 
This benefit continued to be maintained, more or less 
throughout the entire study. For a period f rom early 
to late August , residuals tended to be low due to prob
lems w i t h the filtration system which caused poor flow 
through the bromine generator. Th is problem was 

corrected and as the more recent data indicate, the 
pool bromine residual is back to the i n i t i a l a f ter -sta
b i l i z e r - addition levels. 

I n order to m a i n t a i n adequate stabilizer and 
bromine levels, addit ional stabilizer and sodium bro
mide salt were charged i n the pool i n m i d Ju ly and 
late August. The stabilizer content of the pool and 
the amount of stabilizer added throughout the entire 
study are shown i n Figure 7. A to ta l of 24 lbs. of sta
bihzer were added (15 lbs. in i t i a l l y ) . W i t h the addi
tions, the stabihzer content remained fa i r l y steady at 
54 ± 7 ppm and the bromide content of the pool was 
1490 ± 190 ppm (Figure 8). Table 2 provides fur ther 
test details. 
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Figure 7 - Seasons Resort: Stabilizer Content 
Proceedings Vol. IV- NSPI Chemistry Symposium (1999) 



B r o m i d e , 
p p m 

2000 
1800 
1600 
1400 
1200 
1000 

800 
600 
400 
200 

0 

0 

7 

100 lbs. 
NaBr added 

200 lbs. 
added— 

50 100 150 

D a y 

Figure 8 - Seasons Resort: Bromide Level 

Sanitat ion System: B r o m i t r o n M o d e l B - 5 2 
Bromine Generator 

Pool Temperature: 81 - 88 °F 
Pool Chemistry: p H : 7.8 ± 0.2 units 

A l k a l i n i t y : 100 ± 10 ppm 
Ca Hardness: 160 ± 20 ppm 
Bromide: 1490 ± 190 ppm 
Chloride: 160 ± 6 0 ppm 
TDS: 1.51 ± 0 . 9 g/L 

Table 2 - Seasons Resort Field 
Trial Summary 

Conclusions 

We have developed a bromine stabilizer for out
door pools. Use of th is stabilizer increases daytime 
residuals by a factor of thee or more. The use of this 
stabilizer should improve the performance and cost 
effectiveness of bromine sanitat ion part i cu lar ly i n 
outdoor applications subjected to h igh heat, sunlight , 
and bather loads. 

Acknowledgements 

We t h a n k June Oswald for her assistance w i t h 
the i n i t i a l bromine stabilizer screening work and the 
Albemarle test pool t r i a l . We also l ike thank Jason 
Jones a n d Evelyn Jones for the i r assistance w i t h the 
Season Resort f ie ld t r i a l . F ina l ly , we thank the man
agement of Albemarle Corporation, i n part icular Dr . 

Robert L . Davis for his support of this work, and the 
management of Seasons Timeshare Resort, i n par
ticular Ms. Prisci l la Bucceri. 

References 

Atkinson, A. "Hypobromination of Water." WO 89/ 
3809 (to Cogent, L td . ) , May 5, 1989. 

Costanzo, M . "Your L i s t of Sanitizers." Swimming 
Pool/ Spa Age, 72, 4 (August, 1998). 

D u c c i n i , Y . " T h e A d v a n t a g e s o f B r o m i n a t e d 
Compounds for S w i m m i n g Pools." Specialty 
Chemicals, 13, 30 (1993). 

Howarth J .N. and A Dadgar, "Some Modern Methods 
of Bromide Ion Electrolysis." Fifth International 
Forum on Electrolysis, Fort Lauderdale, Florida, 
Nov. 10-14, 1991. 

H o w a r t h , J . N . , et al. "Recovery of Bromine and 
Preparation of Hypobromous Ac id from Bromide 
Solution." US 5385650 (to Great Lakes Chemical 
Corp.), Jan. 31, 1995. 

Lisboa, A. dos Santos. "E le c t ro ly t i c Cel l for the 
G e n e r a t i o n of H y p o Ha logen i t e s f o r W a t e r 
Treatment." US 5,460,706, Oct. 24, 1995. 

Lowry, R. "Bromine and Beyond." Pool & Spa News, 
October 2, 1996. 

Nat ional Spa & Pool I n s t i t u t e . "Basic Pool & Spa 
Technology." 2nd Ed. , pp. 287 - 288, Alexandria, 
VA, 1995. 

Nowell, L . H . and J . Hoign6. "Photolysis of Aqueous 
Chlorine at SunUght and Ultraviolet Wavelengths 
- 1 . Degradation Rates." Water Research, 26, 593 
(1992), 

Unhoch, M . J . , R.D. Vore, and P.S.K. Lee. "Stability 
of Swimming Pool/ Spa Sanitizers." Journal of the 

Proceedings Vol. IV- NSPI Chemistry Symposium (1999) 17 



Swimming Pool and Spa Industry, 2, 18 (1996). 
United States Environmental Protection Agency. "The 

L i s t of Pesticide Product I n e r t Ingred ients . " 
October 6, 1993. 

W i l l i a m s , R. "Tech Notes: The Bromine Choice." 
AQUA, October, 1995. 

Wil l iams, R.C. et al. "Electrolytic CeU Assembly and 
Process for Production of Bromine." US 5,254,226 
(to A d rem Manufac tur ing , Inc.), Oct. 19, 1993. 

About the Author 
D r . C h r i s t o p h e r N a l e p a is an R & D Advisor 

for Albemarle Corporation i n Baton Rouge, Louisi 

ana. Chris obtained a Ph.D. i n Physical Organic 
Chemistry f rom Rice Univers i ty i n 1980. He then 
joined E t h y l Corporation which spun off Albemarle 
Corporation as a separate e n t i t y i n M a r c h 1994. 
D u r i n g his career at E t h y l / A l b e m a r l e , Chr i s has 
worked i n a number of areas such as development of 
new cur ing agents for castable polyurethanes, new 
U V stabilization packages for polymers, and new halo
gen and non-halogen flame retardants for polymers. 
For the past six years, Chris has been invest igat ing 
the application of bromine-base biocides i n i n d u s t r i a l 
and recreational water systems. Chris holds th ir teen 
U.S. patents and has over 40 presentations and pub-
hcations to his credit. 

18 Proceedings Vol. IV - NSPI Chemistry Symposium (1999) 


