
Bromide is naturally occurring but becomes a concern 
when in contact with disinfectants.  This Application 
Guide provides best practices for removal including 
design guidelines.

Application Guide:  

Bromide Removal



PREMIER PRODUCTS

The quality and consistency of 
our products are fundamental to 
our performance. Throughout 
all Purolite plants, production 
is carefully controlled to ensure 
that our products meet the most 
stringent criteria, regardless of 
where they are produced.

RELIABLE SERVICE 

We are technical experts  
and problem solvers. Reliable 
and well-trained, we understand 
the urgency required to keep 
businesses operating smoothly. 
Purolite employs the largest 
technical sales team in  
the industry.

INNOVATIVE SOLUTIONS 

Our continued investment in 
research and development 
means we are always perfecting 
and discovering innovative uses 
for ion exchange resins and 
adsorbents. We strive to make  
the impossible possible.

About Purolite 

Purolite is a leading manufacturer of ion exchange, 
catalyst, adsorbent and specialty resins. With global 
headquarters in the United States of America, Purolite  
focuses 100% of its resources on the development and 
production of resin technology.

Responding to our customers’ needs, Purolite has a wide 
variety of products and the industry’s largest technical 
sales force. Globally, we have strategically located 
research and development centers and application 
laboratories. Our ISO 9001 certified manufacturing 
facilities in the USA, United Kingdom, Romania and China 
combined with more than 40 sales offices in 30 countries 
ensure complete worldwide coverage.

Purolite has been part of Ecolab since 2021. A trusted 
partner at nearly three million commercial customer 
locations, Ecolab (ECL) is the global leader in water, 
hygiene and infection prevention solutions and services. 
Ecolab delivers comprehensive solutions, data-driven 
insights and personalized service to advance food safety, 
maintain clean and safe environments, optimize water 
and energy use, and improve operational efficiencies 
and sustainability for customers in the food, healthcare, 
hospitality and industrial markets in more than 170 
countries around the world.
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Background
Bromide is a naturally occurring ion generally found at low levels in surface and groundwater water supplies 
and can exhibit seasonal fluctuations in levels. The concern for water purveyors is not usually the bromide 
ion, but when bromide comes into contact with common disinfectants like chlorine or chloramine, the 
potential for the formation of carcinogenic disinfection by-products (DBPs) in finished drinking water 
significantly increases.  

During disinfection, chlorine (typically applied as hypochlorous acid, HOCl) reacts with organics present 
in the source water (natural organic matter or NOM) to form chlorinated disinfection by-products (DBPs). 
If bromide is present, the free chlorine rapidly oxidizes the bromide to hypobromous acid, which then, 
along with the residual hypochlorous acid, reacts with the organic matter to form brominated and mixed 
chlorinated-brominated DBPs. The generalized reaction below illustrates the formation of disinfection by-
products using chlorine as a disinfectant.3  

HOCl + NOM + (Br) DBPs

For waters treated with chlorine without the presence of bromide, haloacetic acids (HAAs) and 
trihalomethanes (THMs) are predominant. When bromide is present, bromide results in shifting chlorinated 
HAAs to mixed chloro-bromo and brominated HAAs anywhere from 10 to 85%. Brominated DBPs are 
generally more toxic than chlorinated DBPs. High bromide and high organic carbon is a worst-case scenario 
for drinking water. Typical dissolved organic carbon (DOC) removal technologies cannot reduce DOC to 
levels that prevent significant DBP formation in the presence of even moderate bromide levels. One study 
found, in source waters containing even 3 mg/L (3000 μg/L) bromide, the THM distribution shifted to the 
brominated species.3

The United States Environmental Protection Agency (EPA) has provided maximum contaminant health 
goals (MCLG), defined as the level of a contaminant in drinking water below which there is no known or 
expected health risk. MCLGs allow for a margin of safety and are non-enforceable public health goals. 
Additionally, the EPA has also set maximum contaminant levels (MCL), defined as the highest level of a 
contaminant allowed in drinking water. MCLs are set as close to MCLGs as feasible using the best available 
treatment technology and considering the cost (see Table 1). MCLs are enforceable standards. In 2009, 
California published a public health goal for bromate of 0.1 ppb, which is a hundredfold lower than the 
federally allowable level.
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The easiest way to deal with DBPs is to avoid the formation. Purolite Bromide Plus/9218 is a bromide-
selective resin that removes bromide before water is disinfected and thus prevents the formation of 
bromated DBPs.  

Maximum Contaminant Level Goal  Maximum Contaminant Level

Chloroform, CHCl3 70 µg/L Sum of all four on a
mass basis must be less

than 80 µg/L
(0.080mg/L) for an

annual running average

Bromodichloromethane, CHCl2Br 0

Dibromochloromethane, CHCIBr2 60 µg/L

Bromoform, CHBr3 0

Monochloroacetic acid (MCAA) 70 µg/L Sum of HAA5 on a mass
basis must be less than
60 µg/L (0.060 mg/L)
for an annual running

average

Dichloracetic acid (DCAA) 0

Trichloroacetic acid (TCAA) 20 µg/L

Monobromoacetic acid (MBAA) Not set

Dibromoacetic acid (DBAA) Not set

Bromochloracetic acid (BCAA) Not set No MCL set for these
compounds

Bromodichloroacetic acid (BDCAA) Not set

Dibromochloroacetic acid (DBCAA) Not set

Tribromoacetic acid (TBAA) Not set

Bromate 0 10 µg/L (0.010 mg/L)

Chlorite 0.80 mg/L 1 mg/L

TABLE 1  Summary of MCLGs and MCLs for DBP in Drinking Water

https://www.purolite.com/product/bromide-plus-9218
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Purolite also offers resins for total organic carbon (TOC) reduction to prevent the formation of 
other DBPs. Please consult your Purolite technical sales representative for more information. 
Depending on the circumstances, we can design for joint removal of bromide and organic matter 
while using a common regenerant. This simplifies design while allowing for a reduction in capital 
and operating costs. Proper system design is important for good performance in all cases.

This document is intended to help engineers, water plant operators and regulators to:

• Understand the impact of raw water quality and system design on resin performance 

• Choose resin and equipment design options suitable for the application 

• Understand key factors for proper commissioning and start-up

Resin Selection 
Purolite Bromide Plus/9218

• Bromide-selective, gel polystyrene crosslinked with divinylbenzene

• Supplied in the chloride form

• Regenerable resin

• Certified by the WQA to NSF/ANSI/CAN-61 Standard

Regeneration Frequency
Regeneration frequency is dependent on the influent water chemistry.  A full general chemistry water 
analysis and a good understanding of the effluent requirements are required for design.  The water 
analysis should include the results of items noted in Table 2. Once collected, data should be provided 
to your Purolite representative for a throughput projection.

https://www.purolite.com/product/bromide-plus-9218
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Analyte Value Units of Measure
(i.e., ppm, meq, or ppm as CacO3)

Calcium - -

Magnesium - -

Sodium - -

Potassium - -

Iron - -

Manganese - -

Sulfate - -

Nitrate - -

Bicarbonate - -

Chloride - -

Bromide - -

Fluoride - -

Arsenic (As V) - -

Hexavalent Chromium - -

Uranium - -

Total Dissolved Solids (TDS) - -

Conductivity - -

Total Suspended Solids (TSS) - -

Total Organic Carbon (TOC) - -

Turbidity - -

pH - -

Water Temperature - -

TABLE 2  Water Analysis Checklist



BROMIDE REMOVAL7

Bromide Removal Design Guidelines
Equipment Choices

For municipal systems, several design options are available: 

• Counter-flow regenerated systems 

• Split-flow counter-flow regenerated systems 

• Packed bed counter-flow regenerated systems 

• Continuous ion exchange systems (e.g., a carousel of vessels, some in service, some in 
regeneration)

Figure 1 provides a visual comparison of the service and regeneration modes for co-flow, counter-
flow and split-flow counter-flow vessel designs and the impact these have on the reduction of 
wastewater volumes.

Please note, coflow regeneration is not recommended as the effluent bromide leakage will be 
too high.

FIGURE 1
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Despite the higher capital cost, when waste minimization is a primary goal, a counter-flow regenerated 
system should be chosen rather than a co-flow system. Counter-flow regenerated system examples are 
packed beds, standard counter-flow with either air or water hold-down mechanisms to keep the resin bed 
compacted during regeneration, or a split-flow design in which part of the brine is passed in an ‘upflow’ 
direction through the resin bed.  The rest of the brine is simultaneously passed downflow through the bed 
and both brine streams exit the bed at an intermediate point.

FIGURE 2

Cleaner Resin with Counter-Flow vs. Co-Flow Regeneration Modes
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With counter-flow regenerated systems, feed water and brine enter and leave the resin bed in opposite 
directions. Bromide loaded on the resin during service is essentially pushed back out of the bed without 
traversing the entire bed during regeneration (Figure 2). 

Counter-flow regeneration is more efficient, leaving the exit end of the resin bed essentially free of 
bromide ions. As a result, bromide leakage is significantly lower than co-flow regenerated systems 
when the bed is returned to service. 
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Typical equipment design options for counter-flow operating systems include:

• Counter-flow regenerated vessels with air or water hold-down to keep the resin from fluidizing 
during brining/rinse 

• Split-flow designs in which 2/3 of the brine is introduced from the bottom and 1/3 through a 
top brine distributor 

• Packed bed designs where the vessel is almost totally packed with resin (except for the 
inert resin and the freeboard). The conventional counter-flow and split-flow options usually 
allow for enough freeboard in the vessel design to periodically backwash the resin to remove 
suspended solids accumulated from influent water. Packed bed design allows for a smaller 
footprint without the need for air or water hold-down, but the resin cannot be backwashed 
within the vessel — it must be transferred out to an external vessel for backwashing — 
therefore, influent suspended solids must be kept to a minimum.

Service and Regeneration

When an anion resin in the chloride form is used to remove bromide from water, the bromide and 
other anions are exchanged for the chloride ion (Cl–), increasing the chloride concentration in the 
treated water. A typical ion exchange reaction is as follows, with the dual arrows indicating that the 
process is reversible: 

Br-  +  Resin-Cl <--> Resin Br + Cl-

Because the process is reversible, a simple sodium chloride brine solution can be used to 
regenerate the resin. Figure 2 is a general concept for a bromide removal system using a brine 
regenerable ion exchange resin system. Water is pumped under pressure through a vessel where 
a volume (or a bed) of ion exchange resin is installed. As the capacity of the resin is used up, the 
bromide concentration of the treated water will increase until the target concentration of bromide 
is reached. At that point, the resin is taken out of service, and a sodium chloride brine solution is 
passed through the resin to release the bromide and other anions. The resin is then rinsed and 
returned to service for another cycle. A portion of the incoming raw water can be bypassed around 
the treatment vessel and then blended with the treated water. The percentage of water bypassed is 
set to achieve a combined DBP concentration below the desired control level. 

Depending on the equipment design chosen (e.g., co-flow, counter-flow and packed bed systems, 
which will be covered in more detail in the next section), regeneration of the resin will usually 
include the following generic steps.
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Regeneration Steps

• Backwash with raw water – backwash is not routinely performed every regeneration, but perhaps once 
a month after which a double regeneration must be performed, typically expanding the resin bed by 50% 
to 60% by volume for approximately 10 to 15 minutes. The backwash rate is dependent on the water 
temperature. After backwashing, a double regeneration must be performed. See additional backwash 
information further into this guide. 

• Regeneration with brine to elute bromide and other anions – using co-flow or counter-flow systems, 
typically one to two bed volumes (7.5 to 15 gallons per cubic foot of resin) using 5% to 12% brine at a 
specific flow rate of two to four bed volumes per hour (0.25 to 0.5 gallons per minute per cubic foot of resin). 

• Displacement or slow rinse to gently push out the brine solution while the exchange process continues, 
typically one to two bed volumes (7.5 to 15 gallons per cubic foot of resin) of water at a specific flow rate of 
two bed volumes per hour (0.25 gallons per minute per cubic foot of resin).

• Optional bicarbonate wash to control the pH and alkalinity of the treated water (not often used). Consult 
Purolite for details. 

• Fast rinse to finish expelling the last traces of the regenerant, typically three to five bed volumes (22 to 38 
gallons per cubic foot of resin) of water at the same flow rate used for the service phase. 

• Return of the vessel to service or placement in stand-by mode.

Resin Vessel Design
Below are the critical elements for designing a bromide treatment system. 

Minimum Bed Depth

• Counter-flow regeneration: 1,200 mm (~4 ft)

Linear Velocity 

• Goal: 20 to 30 m/h (8 to 12 gpm/ft²) 

Specific Flowrate 

• Goal: 8 to 40 BV/h (1 to 5 gpm/ft³)
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Commissioning
Loading

Before the resin is loaded into the ion exchange vessels for a drinking water application, it is essential to 
disinfect the vessel internals and pipework using an AWWA approved procedure. All precautions should be 
taken to avoid resin contamination during transportation, storage and handling, whether by oil and grease, 
dirt or microbes. If microbial contamination occurs, the resin should be cleaned with an approved procedure 
(e.g., peracetic acid cleaning at: https://bit.ly/3RQchpI). It is important not to subject the resin to high 
concentrations of oxidants for an extended period to avoid damage to the resin but also to avoid the potential 
of some resins to release nitrosamines at ppt level into the treated water.  

When loading resin into the ion exchange vessels, it is important not to damage any of the internals. The 
vessel should be first filled to 1/3 of its height with clean water before loading the resin. The water will act as 
a buffer, allow more even settling of the resin and minimize the formation of air pockets.

Backwashing

• After loading is complete, the resin bed should be carefully backwashed at a rate to expand the 
resin bed by 50% to 70% of its settled volume for at least 10 to 15 minutes. 

• This operation will free particulate matter, clear the bed of bubbles and voids, and reclassify the 
resin particles ensuring minimum resistance to flow. 

• It is important to note that bed expansion increases with flow rate and decreases with influent fluid 
temperature. Caution should be taken to avoid loss of resin through the top of the vessel by over 
expansion of the bed. Beware of overzealous backwashing, as resin beads can be lost through the 
upper distributor.

Backwashing curves are provided for Purolite Bromide Plus/9218 in Figure 3. Backwashing rates are 
dependent on water temperature.

https://bit.ly/3RQchpI
https://www.purolite.com/product/bromide-plus-9218
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FIGURE 3

Purolite Bromide Plus/9218 - Backwash Expansion of Resin Bed
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Rinsing

Since the resin is supplied in the chloride form, no initial regeneration is needed. The resin can simply be 
rinsed at service flowrate before being put online. To comply with NSF, a 20-bed volume rinse is required 
before using the resin for drinking water if an initial regeneration is not performed. 

Initial Startup Service Cycles 

Since the dosage of salt specified for bromide removal systems is never adequate to regenerate the 
resin completely, it is important at startup to never run the resin beyond the volumetric throughput 
(gallons per ft³ of resin or bed volumes) specified by Purolite. This is particularly important for co-
flow regenerated systems. It takes about five to six service/regeneration cycles for the resin to come 
to equilibrium and to achieve steady-state bromide leakage. Therefore, overextending the service run 
during this period will generally result in higher bromide leakage and a much longer time to reach 
steady-state operation. 

During the startup period, unless the inlet water chemistry has changed versus the design water, the 
recommended procedure is to operate the plant for five to six cycles at its rated throughput (rather than 
to a bromide break) using the dosage of salt specified. After that period, the average bromide leakage 
can be computed from samples taken and analyzed throughout the next set of service cycles. 

Pressure Drop

The pressure drop across a bed of ion exchange resin depends on the particle size distribution, bed 
depth and voids volume of the exchange material and the flow rate and viscosity of the influent solution.  
Factors affecting any of these parameters— such as particulate matter filtered out by the bed, abnormal 
compressibility of the resin, or the incomplete classification of the bed — will have an adverse effect 
and result in an increased head loss (see Figure 4). Depending on the quality of the influent water, the 
application and the design of the plant, service flow rates may vary from 8 to 40 BV/h. 
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Extended Resin Lay-Up 

If the resin, after installation, is to be laid up for an extended period, it is equally important to 
minimize microbial growth. The resin should first be regenerated normally and then stored in a 
brine solution of at least 15% concentration.  Once a week, the brine solution should be circulated 
to minimize pockets of potential growth further. When the vessel is ready to be put back into 
service, perform a regeneration cycle. 

FIGURE 4

Purolite Bromide Plus/9218 - Pressure Drop Across Resin Bed
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Residuals Handling 
The total wastewater volume expected can be computed by adding the volumes of backwash, brine 
and rinse.  The composition of the spent brine will be a mixture of sodium salts comprised primarily 
of chloride but also bromide, sulfate, nitrate and bicarbonate that were eluted from the resin. This will 
be diluted by the volume of rinse and backwash water used.  Wastewater treatment plants (WWTPs) 
are increasingly hesitant to accept high chloride waste because of its harmful impact on the biological 
process used.  Consequently, an increasing number of plants are being forced to find alternative 
disposal methods, including haulage of the brine offsite to other WWTPs that will accept and blend with 
standard wastewater. Deep well injection is a possibility, but only for plants that can get a permit from 
the local jurisdictions.

Additional capital improvements can be made to reduce waste volumes. If the influent water has good 
TSS control, backwashing can be reduced to once every five to 10 cycles. In the next cycle, backwash 
and fast rinse water can be reused for brine makeup water.  

Treated Water Quality
When using chloride brine for regeneration, the chloride content of the treated water at startup is 
generally higher than the influent level because other anions are being removed in place of chloride. 
Chloride released would be in equivalent proportion to the concentration of other anions that are 
removed. Sulfate and alkalinity would initially be reduced to low levels by the resin. This may increase 
the Chloride to Sulfate Mass Ratio (CSMR) of the treated water to higher levels vs. the influent ratio. 

The pH and alkalinity, which are generally reduced during the initial part of the service cycle, usually 
recover within a few hours of operation. A bicarbonate wash step at the end of the regeneration phase 
can boost pH and alkalinity value at the start of the service cycle. Large bromide plants can mitigate 
this problem if multiple vessels are operated in parallel in a staggered-start manner. By staggering the 
startup and regeneration of individual vessels, it is possible to provide blended water that minimizes 
changes in pH and chloride levels.



APPLICATION GUIDE 16

Summary 
The need for bromide removal in drinking water is growing in response to DBP regulations, but so are 
the regulations governing brine disposal. It is important to choose the right resin and equipment design 
based on overall operating costs to be competitive. It is imperative to consider all costs, not just for the 
resin and regenerant salt, but also the significantly increasing cost of wastewater disposal. 
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Notes



Plan your next ion exchange resin project 
with better accuracy and less effort through 
Purolite’s Resin System Modeling platform 
(PRSM™). This powerful web application for 
resin plant simulation contains seven 
specific system modules that instantly 
consider hundreds of variables. Whether 
you are designing a new plant or modeling 
an existing plant, Purolite’s expert engineers 
are giving you the access you need to get 
the results you can trust.

Key Insight Every Step of the Way

Predict

Calculate the 
effect of your site’s 
unique variables

Compare

Side-by-side  
product and plant 
configuration 
performance 
evaluation

Optimize

Add operation 
and product cost 
analysis to better 
understand the 
value of product 
options

Customized Resin 
Simulation at Your 
Fingertips
PRSM is a free program that models all aspects 
of plant design associated with ion exchange 
resin performance and operation. 

PRSM includes modules for water 
softening, demineralization, WAC 
softening, brine purification, mixed beds 
and modules for removal of nitrate, 
arsenic and boron. Features include.

Technical Help – Reach out directly to 
Purolite engineers for advice

Cloud Backup – Easy and secure retrieval 
of projects

Reporting – Print/save a pdf of the entire 
design including all engineering details

ROI Payback Calculations – Contrast 
performance vs. standard resins

Efficiency Evaluation – Compare 
operating costs of existing ion exchange 
plant vs. new design

Schedules – Obtain detailed regenerant 
schedules for cation and anion resins

Page, Topic and Calculation Help –  
View detailed notes and suggestions  
for the optimal design

Register today and get started at www.purolite.com/PRSM
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