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How to Calculate Your Bromide Rejection Levels

Small quantities of bromide, which are present in natural seawaters, can be converted in

permeate to bromate, a carcinogen. In order to keep bromate levels low, it is important to

calculate bromide rejection levels and design your system to avoid the formation of bromate

in post-treatment. This Tech Fact bulletin will discuss:

«  Why bromide rejection matters

» Normalized bromide rejection rates for FILMTEC™ elements at three seawater
desalination plants

» How to calculate permeate bromide levels

Small quantities of bromide are present in natural seawaters. The concentration is typically
between 90 and 150 mg/L (1 mg/L = 1 ppm). During post-treatment, permeate bromide can
convert to bromate (BrOs), if water with bromide is ozonated or chlorinated.

Bromide is not listed in the inorganic constituents section of the second edition of the World
Health Organization’s (WHO) guidelines for drinking water quality. However, a guideline of
25 ug/L (ppb) for bromate is listed in the section for disinfectants and disinfectant by-
products. This is a provisional guideline value, derived from a cancer occurrence of 1 per
100,000 when consuming water at that limit for 70 years. For further information, please
refer to http://www.who.int/water_sanitation_health/ GDWQ/Summary_tables.

The following are the results of bromide rejection analyses performed at three seawater
desalination plants.

Case 1: 300 m¥h (1.9 MGD) plant at 55 percent recovery operated on Atlantic Ocean
feed

» 38,500 mg/L feed, 23 degrees C (73°F) feed temperature

 Design: Four trains each with two concentrate stages (15 50 pressure vessels, 2" 40
pressure vessels), with booster pump of 8 bar (116 psi) between 1stand 2 array; seven
elements per pressure vessel using FILMTEC SW30HR-380 elements

» Permeate TDS of 120 mg/L in 1%t stage and 320 mg/L in 2" stage, total permeate TDS
180 mgl/L; system TDS passage 0.46 percent corresponding to a normalized membrane
rejection of 99.80 percent for TDS

» Feed bromide concentration of 80 mg/L in feed to 1% stage, and 120 mg/L in feed to 2"
stage

» Permeate bromide concentrations of 0.4 mg/L in 15t stage and 0.6 mg/L in 2" stage,
total permeate bromide concentration of 0.46 mg/L

» Bromide system passage of 0.50 percent in 15t stage and 0.47 percent in 2" stage.

» Results: Bromide passage is 19 percent higher than TDS passage, amounting to
a normalized bromide rejection of the membrane of 99.75 percent.
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Case 2: 155 m3h (1.0 MGD) plant at 50 percent recovery operated on North Sea feed

» 18,500 mg/L feed, 14 degrees C (57°F) feed temperature

* Design: One train with 44 pressure vessels; six elements per pressure vessel using
FILMTEC SW30HR-380 elements

» Permeate TDS of 45 mg/L, system TDS passage 0.24 percent corresponding to a
normalized membrane rejection of 99.85 percent for TDS

» Feed bromide concentration of 31 mg/L

» Permeate bromide concentration of 0.04 mg/L

» Bromide system passage of 0.12 percent

» Results: Bromide passage is only 50 percent of TDS passage, amounting to a
normalized bromide rejection of the membrane of 99.90 percent.

Case 3: 60 m¥/h (0.4 MGD) plant at 40 percent recovery operated on Caribbean feed

e 37,000 mg/L feed, 28 degrees C (82°F) feed temperature

 Design: Two trains with eight and 10 pressure vessels; six elements per pressure vessel
using FILMTEC SW30HR-380 element

» Permeate TDS of 250 mg/L, system TDS passage 0.67 percent corresponding to a
normalized membrane rejection of 99.70 percent for TDS

» Feed bromide concentration of 125 mg/L

» Permeate bromide concentration of 0.6 mg/L

» Bromide system passage of 0.5 percent

Results: Bromide passage is 60 percent of TDS passage, amounting to a normalized

bromide rejection of the membrane of 99.80 percent.

The results of these three case analyses show that for FILMTEC SW30HR-380 membrane
elements offering normalized NaCl rejection of 99.70 percent to 99.85 percent, normalized
bromide rejections were in the range of 99.75 percent to 99.90 percent. Bromide passage
was between 50 percent and 120 percent of the overall TDS passage. This means that
bromide passage matches roughly with the overall TDS passage. Based on the standard
rejection of 99.70 percent with FILMTEC SW30HR-380 elements, the bromide rejection also
should be 99.70 percent.

Use the following approach to calculate bromide concentration in the permeate:
1. Perform ROSA projections with feed water under planned operation conditions
2. Calculate permeate bromide with by using the following formula:

. TDSpermeate
= Bromide;, (———

Bromide . e
TDS,
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Conclusion

FILMTEC Membranes

For more information about FILMTEC
membranes, call the Dow Liquid
Separations business:

North America: 1-800-447-4369
Latin America: (+55) 11-5188-9222
Europe: (+32) 3-450-2240
Pacific (ex. China): +800-7776-7776
China: +10-800-600-0015

http:/www.filmtec.com
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As a rough orientation, bromide concentrations of 0.1 to 1.0 mg/L should be expected in
most permeates of seawater desalination plants operating with FILMTEC membranes.
Based on a molecular weight ratio of bromate (BrOs’) to bromide (Br-) of 83:35 or 2.37 and a
full conversion of bromate to bromide, the maximum expected concentration of bromate in
RO product water would be in the range of about 2.5 mg/L. This is 100 times larger than the
provisional WHO guideline limit of 25 pg/L and even huge advances in membrane
technology will not achieve the drastic improvement needed. Hence, care needs to be taken
to avoid the formation of bromate in post treatment, and bromide to bromate conversion
rates of below 1 percent should be targeted.

Notice: The use of this product in and of itself does not necessarily guarantee the removal of cysts and pathogens from water.
Effective cyst and pathogen reduction is dependent on the complete system design and on the operation and maintenance of
the system.

Notice: No freedom from any patent owned by Seller or others is to be inferred. Because use conditions and applicable laws
may differ from one location to another and may change with time, Customer is responsible for determining whether products
and the information in this document are appropriate for Customer's use and for ensuring that Customer’s workplace and
disposal practices are in compliance with applicable laws and other governmental enactments. Seller assumes no obligation or
liability for the information in this document. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF
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