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ENHANCED WATER MANAGEMENT
USING BROMINE CHEMISTRY

INTRODUCTION

In recent yvears, treatment programs used in cooling tower
systems have undergone a metamorphosis. Tightening of EPA efflu-
ent discharge regulations, increased awareness of municipal and
environmental safety factors, and the movement toward water reuse
and reclamation underlie these changes. For example, in recircu-
lated cocling water systems, non-heavy metal corrosion
inhibitors, nonphenolic biodegradable biocides, increasing system
pH values, and minimal chlorine discharge limits have replaced,
to a.larqe degree, acid chromate programs using continuous high-
chlorine residuals and chlorinated phenolics for algae and micro-~
organism control. In addition, treated sewage and reclaimed

water sources are now seriously considered for cooling fower

make-up.

These current trends create some very real opportunities
and, hence, some challenges for all of us involved in the
rusiness and science of water treatment. This paper will focus
on bromine chemistry and some of its unique properties, with

regard to providing solutions to the new and changing problems we

face.
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Backdground
Elemental bromine {Brz) is a fuming red liquid at rcom

temperature. Bromine appears between chlorine and iodine on the
periodic table and has a meolecular weight of 159.8. As a halo-
gen, bromine exhibits the expected biocidal properties in water.
Investigations concerning the use of bromine for the disinfection -

of water were reported in the 1930's (1,2).

Bromine is most often found in nature in the forﬁ of
bromide salts. Sea water contains 65 ppm of bromide and surface
water contains approximately 6.5 ppm of bromide. Bromine is
produced commercially from natural brines. The Dead Sea is the
richest deposit, containing 4000-6000 ppm bromide. In the United

States, salt water formations in southern Arkansas, Michigan and

Ohio contain 2000-4000 ppm bromide (3,6).

Bromine is manufactured in large, granite towers where the
hot salt water is reacted with gasequs chlorine and steam.
Bromine gas from this manufacturing step is then condensed and
purified. Domestic production totalled 385 million 1bs in 1984
(4). In constant dollars, the price of bromine relative to
chlorine has dropped from a factor of 6.6 to a factor of 2.3 in
the last two decades. The cost of bromine chemistry has come

down to levels which permit its use in water treatment.



Bromine Chemistry in Hater

The physical and chemical properties of bromine fall
between those of chlorine and iodine. Bromine hydrolyzes in

water tc give hypobromous acid and hydrobromic acid analogous to

the hydrolysis of chlorine { Egquations 1 & 2).

K1

Equation (1) Br, + Hy0 <--> HOBr + H' + Br’

Kl

Equation (2} Cl, + H,0 ¢--> HOC1 + H' + c1~

Hypobromous acid ionizes under alkaline conditions to form

the hypobromite ion analogous to the ionization of hypochlorous

acid {Equations 3 & 4).

K2

Equation ¢(3) HOBr <--> H' + 0Br”

K2

Equation (4) HOCL <--> H' + oC1~

Since the unhydrolyzed form of the halogen and the undissociated
form of the hypochalous acid are the effective biocidal species

for bromine and chlorine, it is important to ldentify the concen-

tration of each species as a function of pH. Table I shows the

hydrolysis and icnization constants for bromine and chlorine.
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Table I

gz K K Reference

czz _ 3.3 x 1078 Moore (23)

c1, 4.66 X 107% 3.2 x 1078 Latimer (24)

Br, 5.9 x 1077 1.0 % 1077 Wys & Stockton (:
Br, 5.8 X 10°°7 2,06 X 1077  Latimer (24)

Fiqure 1 and Table II shows the relative concentrations of hy

halous acid as a function of pH using the equation:

K, = LHY Loci-a
CHoC13
Table IT

pH % HOClL % HOBr

| 6.0 97 100

o 7.0 76 98
7.5 50 94

8.0 ‘ 24 83

8.5 9 60

9.0 3 33

Hypobromous acid shows little  ionization until the pH
approaches eight (8). This results in increasing disinfection
rates for bromine relative to chlorine as the pH of a system

increases above approximately 7.5.
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Bromine and chlorine also differ in thelr reactions with
nitrogen compcounds. While Both form haloamines, chloramines are
very poor biocides relative to hypochlorous acid. Bromamines, on
the other hand, are almost as effective as hypobromous acid (3).

Equations 5-7 show the typical reactions with ammonia.

Equation (5) HOX + NH3 -=> NH2X + HZO

Equationn (&) HOX + NHZX -7 NHX2 +H20

Equation (7} HOX + NHX2 -—> NX3 + HZO

Monchalocamines and dihaloamines are the most prevalent species
under typical disinfection conditions. The chloramines are much

less reactive in solution than the bromamines. Table III shows

K

the relative species in solution at a pH of 8.0 (&).

Table III
Haioqen Species % HOX % 0X %NH.X
HOC1 19 81 -
HOBr 90 10 -
NH2C1 - -= 100
NH_Br 82 8 <10

2

The differences shown in Table III may explain the relative

increased biocidal activity of bromamines versus chloramines,



Bromamines are also good virucides. Mills reports that
under conditions typical of secondary treated sewage, Polio II virus
was inactivated in less than five minutes by bromamines while an
eguivalent concentration of chloramines failed to kill all of the

virus In 60 minutes (6}). These finding may vary at different NH3

concentrations.

A measure of the chemical stability of halocamines is the
relative degradation rates of the various species. In Figure II
bromamines have a half-life of minutes compared with many hours for

chloramines (21). A 2.5 ppm concentration of dibromamine has a half

life of 64 minutes (Z22).

Studies done by Bongers, et al., indicate that brominated
residuals decay much faster than chlorinated residuals. When
bromine chloride and chlorine were applied at equal molar concen-
trations to ammonia-containing waters, the brominated system resid-

uals were 1/2 to 2/3 the levels of the chlorinated system (7).

Toxicity

The toxicity of bromine residual is similar and in some
cases not as severe as that of chlorine residual (8). Ward et al.
_ demonstrated that bromine residuals produced by bromine chloride
were less toxic than those of chlorine at approximately equal
concentrations (9). The environmental persistance of organcbromine

compounds is also less. Mills states that bromobenzene photo-
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degrades in 1/100 the time of c¢hlorobenzene {10). A ground water
study in California measured a half-life for bromoform of 15 days
compared with 50 days for chloroform (11l). More importantly, Bouwer
et al. has shcown a seeded, anaerobic culture with 180 ppb of
brominated trihalomethane (THM) degraded to less than 0.1 ppb in
less than two weeks (11l). When 157 ppb of chlorinated THM was run
using the same method, 117 ppb remained after two weeks. Clearly

bromine chemistry is more environmentally acceptable than chlorine

chemistry.

Bromine Chemistry in Water Treatment

Bromine chemistry offers significant performance advantages

oveyr chlorine in the disinfection of water. Summarizing these

benefits:

1. Bromine chemistry is more effective than chlorine at

pH's above 7.5.

2. Bromine chemistry is much more effective than chlorine

in the presence of ammonia and nitrogenous materials.

3. Bromine is a much better virucide than chlorine.

4. Toxic oxidizing residuals are much lower with bromine

chemistry than with chlorine chemistry.
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5. Organo bromides degrade faster in the environment than

the correspending chlorine analogs.

6. Trinhalomethane {THM) formation is about the same with
bromine and chlorine disinfection. However, bromoform is much more

rapidly degraded to non-toxic materials in the envirenment than is

chloroform.

In spite of its many benefits, bromine does require some
special handling ﬁonsiderations and procedures. Ligqudid, elemental
bromine is very corrosive, especially when wet, and glves off a
noxious, dark red vapor. It is not particularly soluble in water.
Additionally, during hydreolysis, 50% of the bromine molecule forms
HBr. This acid does nct add to biocide performance, Fortunately,
there are alternatives to using elemental bromine to obtain

hypcbromous acid in soiution. These include:

- the use of the interhalogen species BrCl,

- the in-situ production of HOBr using a bromide salt

and oxidizing agent, and

- the use of an N-Haleo bromine donor compound,

Bromine Chloride

Bromine chloride is an equilibrium product of an equi-

molar mixture of bremine and chlorine (Equation 8).

(8)



Equation (8) Br2 + C12 (--» 2BrCl1

Like bromine, BrCl is handled as a liquid and must be
kept at 20 psia to maintain a liquid physical stéte at ambient
temperature. Bromine chloride is considerably mére soluble in
water than either bromine or chlorine and is less corrosive than
bromine. The unique property of bromine chloride is that it

hydrolyzes to form hypobromous acid and hydrochloric acid

exclusively {equation 9).
Equation (9) BrCl + H,0 --> HOBr + H' + C1”

Because chlorine ig less expensive than bromine., bromine chloride
is the least expensive source of hypobromous acid available (19).
Once in solution, the performance of Br(Cl is virtually indistin-~

guishable from elemental bromine.

While a substantial amount of work has been completed
confirming the desirable bromine performance characteristics of
BrCl, full scale testing has been punctuated with feeding equip-
ment problems (7,9). Recently announced design improvements by
one supplier suggest that a reliable feed system will soon be
available (20). 1In contrast to conventional methods, this system

will feed bromine chloride as a liquid rather than a gas.

Bromine chloride shquld be considered for disinfection

(9)




of once-through cooling water and wastewater effluent, The
excellent disinfection properties and rapid decay of oxidant

raesiduals will reduce toxic effects seen with chlorinated

effluents.

Bromide Salts

The use of bromide salts to snhance the disinfection of
chlorine and other oxidants was begqun in the early 50‘'s. Hypo-
chlorous acid will oxidize bromide ion to hypobromous acid
{Equation 10). Similarly, chloramines will react with bromide
ien to form bromamines {(Eguation 11)}. The reaction of hypochlor-

ous acid with bromide is much faster than that between chloramine

and bromide.
Equation (10} HOC1 + Br  --> HOBr + C1

Equation (11) NH,C1 + Br~ --) NH,Br +C17

Like bromine chloride, bromide additions have heen

tested in both cooling water (17,18) and waste water applica-
tiong. In both cases, the bromide ion is mixed with the oxidant
immediately befere injection into the water to be treated. The
molar ratio of bromide to chlorine can drastically affect the
amount of improvément afforded by bromide addition. Work done by

Alleman and Gendron at Purdue University illustrates the effect

of bromide on disinfection in the presence of nitrogen compounds
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(Figure III). This laborateory data i1s further born out by a full
scale tfial at Tillsonburg, Ontario, The addition of scdium
bremide, plus chlorine reduced bacterial populations greater than
99% (including a 50% reduction in a chlorine resistant

Clostridium sp.) while reducing the total residual halogen by

90%. Rromine chemistry should play a key role in the use of

treated sewage for cooling water make-up.

The use of bromide ion in a recirculating tower system
affers further economy of scale. Bromide ion only needs to be
fed at a level needed to maintain an effective concentration.
This is usually 1/2 to 1/5 the amount that would be fed on a
cnce~through system. The cycling-up of bromide ion greatly

reduces the amount of bromide required on a daily basis.

A bromide salt addition system can easily be retrofitted

to most chlorinated systems that use gaseous Cl2 or sodium hypo-

chlorite. The system requires the addition of a storage tank and

a metering pump. The simplicity of the system makes bromide
addition an excellent solution to meeting halogen discharge

reguirements for most chlorinated systems,

Bromochlorodimethvlihvdantoin

Bromochleorodimethylhydantoin (BCDMH) was first intro-
duced to the CTI in January 1980 (12, 13) under the trademark

BromiCide® (Figure IV}, BCDMH 1is an N-Halo compound which
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hydrolyzes in water to release hypobromous acid and hypochlorous

acid (Equaticn 12).
Equation {12} CSHSBrClNEO2 + 2H20 - C5H8N202 + HOBr + HOC1

If bromide ion is present in splution, hypochlerous acid

will react quickly to form hypobromous agid (see Equation 10).

Equation (10) HOCL1 + Br  --> HOBr + C1~

Because of the prevalence of bromide ion in most use situations,
the disinfection chemistry of BCDMH is that of bromine. BCDMH
of fers several advantages over bromine in the areas of safety,

convenience, and application technologies.

BCDMH is a solid, usually in stick, tableﬁ or coarse
granular ferm. The compound is only slightly soluble (1500 ppm)
and therefore can be effectively fed in a sidestream feeder.
Both shotk dosage or continous feeding of the material has been
gffective in controlling the biological growth in cooling water
systems (12,13,14). Because the feed device or brominator is a
simple plastic tank with a flow indicator, capital and mainten-
ance cgsts for the feed’system are gquite low. BCDMH is a
specialty chemical, and it is thus more expensive than gaseous
chlorine or sodium hypochlorite on a cost per pound of halogen
basis. However, on a use-cost basis, BCDMH compares much better,

because of improved pH control and higher activity at pH's above

(12)



7.6. Compared to bleach, BCDMH is a stable, concentrated product
form which is both safe to handle and easy to use, The simplic-
ity of the system can reduce operator atfention and improve
control. BCDMH has been proven effective in systems where
little, if any, residual can be measured using field methéds.

BCDMH has also shown greater compatability than chlorine with

tolyiltriazole (26).

BCDMH is best used in systems where the performance of
an oxidizing bicocide can be coupled with the need for increased
safety and reliability. BCDMH is especially cost-effective
versus non-oxidizing biocides. 0Often, replacing one non-oxi-
dizing biccide in an alternating, non-oxidizing biocide program
can greatly enhance a system’'s biological centrol without
increasing the cost. BCDMH's low toxicity (1&) and ease in
handling make it an attractive product for many systems. For

these reasons, BCDMH use has spread rapdily especially among

small to medium tower markets.

Summary

Bromine Chenistry offers many unique properties for
enhancing a water management program. Regardless of the method
used to generate a residual, hypobromous acid delivers faster
kill rates than an equimolar concentration of hypochlorous acid
at an elevated pH or in the presence of ammonia or nitrogenous

materials. In addition, the faster degradation of most bromine

(13)



compounds relative to their chlorinated analogs increases the

environmental acceptability of most brominated effluents relative

to chlorination.

Based on these advantages; the application of bromine
chemistry to water treatment requirements has moved out of the
speculative research phase and has moved into the sphere of a

practical, commercial reality.
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FIGURE II

RELATIVE DECAY RATIOS:
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Bacterial XKill in Orders of Magnitude

FIGURE III

Effect of NaBr on Disinfection of 2° Wastewater
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FIGURE IV
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