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Minimizing Chlorate in Water Disinfection

On-site Sodium Hypochlorite Generation
brings Safer, Sustainable and Economic Water

How Chlorate On-site Hypo Gen Chlorate mitigation:
is Formed Developments Case study




DBPs

Disinfection byproducts are
chemicals/contaminants, organic and
Inorganic substances that can form

during a reaction of a disinfectant
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with naturally present organic matter

in the water.
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== Examples: Chlorate*, chlorophenols,
DRV ae— |1 TR S bromate, perchlorate, trihalomethanes (THM),
L ) | | | halogenic acetic acids (HAA), chloramines,

aldehydes, alkanic acids
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*Chlorate: a highly oxidized
form of chlorine that can be
introduced to a water source as
an industrial or agricultural
contaminant or into a finished
water as

a disinfection byproduct (DBP).
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Chlorate
Health Problems

Drinking water: The source
of up to 60% of chronic
chlorate exposure for infants.
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Chronic exposure: over
time, exposure to chlorate
can inhibit iodine intake.
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Reduced lodine intake:
interferes with Thyroid
functioning.

Acute exposure can lead to
kidney failure.
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Chronic Reference Dose
(RfD) is 0.03 mg/kg/day with
no adverse health effects.
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Controlling Disinfection By-Products

Chlorate (ClO;’) — general data (WHO report, 2017)

Official data from organizations and regulatory agencies

104 countries and territories representing

Countries and terrtories represented in the survey

. B ves
89 % Of the WOI‘ld pOpu |atI0n [ Standards ware under reviaw at the time that data wara collectad

Meambers of European Union and subject to the require ments of its Drinking-water Directive

1 No

WHO Guideline value 0.7 mg/l or 700 ug/I

N. countries setting a regulatory value 16/104 (15%)
N. countries setting a regulatory value greater than WHO Guideline 3

N. countries setting the WHO Guideline value 10

N. countries setting a regulatory value less than WHO Guideline 3

Maximum value set 1.0 mg/l or 1000 ug/I
Minimum value set  0.05 mg/|l or 50 ug/I




Chlorate (ClO;) — area of interest
NOT UNIFORMELY REGULATED

WHO recommends limit of 700 pg/I

Canada regulates 1000 pg/!|

EPA no limit - Health Reference Level 210 pg/|
EU Commission will regulate 250 pg/I

China regulates 700 pg/|

ME (Emirates, Saudi, Qatar) regulate 700 pug/I
India no limit

Australia no limit - proposed limit 300 pg/!

recommends 700 ug/I
** EFSA (European Food Safety Authority)

Chlorate: a highly oxidized form of chlorine that can be
introduced to a water source as an industrial or agricultural
contaminant or into a finished water as

a disinfection byproduct (DBP).

Controlling Disinfection By-Products

* Bromate (BrO;’) - Regulated

Gastrointestinal Symptoms, kidney effects and Carcinogen at large exposure amounts for
long period of time.

USEPA = 10 pg/L = 10 ppb (MCL)

WHO = 10 pg/L

European & National Drinking Water Standards = 10 pg/L

= Perchlorate — USEPA has ruled that Perchlorate does not meet the criteria for regulation
as a drinking water contaminant. The primary effect of perchlorate is its ability to
competitively inhibit uptake of iodide by the thyroid gland.
USEPA = 15 ug/L (MCLG)
WHO =70 ug/L
CA = 6 pg/L (MCL)
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Factors Influencmg Chlorate Formatlon & Mltlgatlon Methods =
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Factors Influencing Chlorate Formation & Mitigation Methods

On-site Hypochlorite Generation

Concentration
o
Impurities

Limit degradation

Keep pH above 9

** Highest Chlorate formation is at 7.24

Follow water & salt spec.
Limit heavy metals (Co, Ni)



If chlorate formation is a concern
in your potable water or food and
beverage application.

And you’re using a chlorine-based
agent for disinfection.
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Generating on-site can
mitigate the risks.
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On-site Sodium Hypochlorite Generation Process

NaCl + H,0 +2e” =» NaOC| +H,

Electrolysis Process — A electrical current flows through a conducting solution or electrolyte (saturated salt solution) which causes a
chemical change/reaction and the production of a low concentration of a 0.8% non-hazardous solution of sodium hypochlorite.

Diluted
Hydrogen
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~ New Developments

De Nora has been

. : * Researching
chlorate S5

production and

mitigation. &M

Adjust flow rates of system (patent pending)

Adjust salinity (patent pending)

Reduce temperature of OSHG process (patented)



Split Flow Process - Patented .
Mitigation Method Pre-Chlorate Formation

De Nora PATENTED Unique design!

Pre-Chlorate Formation Control

1. Brine Concentration Control
2. Increase electrolysis process efficiency

3. Brine Solution and Hypochlorite Solution Temperature
Control

4. Salt & Water Quality Guidelines

5. Electrolyzer Maintenance

Post-Chlorate Formation Control

1. Sodium Hypochlorite Solution Storage Capacity and
Time (< 48 hours)

2. Hypochlorite Solution Temperature Control

WATER MADE EASY 13



Conclusion Based on Rigorous Testing (N) DE NORA

Chlorate (ClO,) Level Guidelines ~ -
- Fini:hed Water Patent-pending techno(qu developed by De chrst ot o TV
Nora has enable the ablility to control chlorate B ot Procoond by ClorTecb O SlS

= levels produced by the ClorTec® OSHG chiorite Generation System TesCoices ey 150

system.

De Nora China plant let 3" party tested
Chlorate for ClorTec in water <0.7mg/L
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«CCLORTEC

ON-SITE SOOIUM HYPOCHLORITE
GENERATION SYSTEM

TESTING
160000102849 CNAS LOJBD:

HAaRERYS (F 20200125

DE NORA WATER TECHNOLOGES TEXAS, LLC
1110 Industrial Bivd.. Sugar Land, Texas 77478

Pheed 281 260 6770
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ClorTec Normalized Chlorate (ClO;) Produced
Concentration in Finished Water

193

116.5 20 ug/1 (20 ppb)

Typical Limit Value in Soft Drinks Industry|

: 46. ol 41
24, 16. 10 25 9g245 ¢ 20
D la» ilew iav 10 ug/! (10 ppb)
Typical Limit Value in Baby Food Industr
TestlB Test2A TestlX TestlD TestlE TestlY TestlF ypP y Y

m 2 mg/L FAC Dose W5 mg/L FAC Dose
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Canada WHO EPA (HRL) EU (Food &
(MCL) Beverage)

(ug/L)

Chlorate Concentration
o
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Mi e ase
Soft Drink Producer, France

udy:

CHALLENGE

Reduce cﬁorate yncen ceptable
in the commercia o

SOLUTION

Operate at lower temperature and
reduce hypo storage capacity

ACHIEVEMENT

Chlorate concentration in process water
met customer targets




China Case Study: Achieve Water Safety and Operation Optimization
Domestic Water Plant, Taizhou China
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_ = - Water plant expansion, ensure water safety for local community
~ China Domestic Drinking
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De Nora Other Electro-chlorination Case Studies DE NORA

our research - your future

DE NORA

our research-your future
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our research - your future our research -your future our research - your future

Case Study: ClorTec’ Case Study: ClorTec’ . Case Study: ClorTec.
Bucks County, Pennsylvariia/ British Columbia, Canada’ Oro Valley, Arizona SO

DE NORA Disinfection

our rasearch -your future

e Arizona Utility Expands On-Site
. Hypochlorite Generation
Case StUdy CIorTec An award-winning 2018 plant expansion increases water treatment

Murfreesboro, Tennessee’ capacity in growing Maricopa County, Ariz. s sosews asonsws
£

On-site Hypochlorite System Delivers On-site Disinfection Helps Ensure Safety at = Innovative Water Reuse in Water Treatment Plant Sets State Standard for b
“Historic” Efficiency Levels; British Columbia Water Treatment Facility ‘ Water-Starved Southern Arizona Use of Filtration, Disinfection Technologies . ‘

Potential Cost Savings of Hundreds K 4

of Thousands of Dollars
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ClorTec® Installation

R Tibet Lhasa Najin Water Plant Project (Lhasa, China) — 450x4kg/Day
} g Drinking Water Disinfection
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Chongli Water Plant Winter Olympics Project (Chongli, China) — 45kg/Day
Drinking Water Disinfection
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CIorTec® Installatlon

Signal Butte WTP (Arlzona USA) — 2 x 1800 Lbs/Day (34 kg/hr)
Drinking Water Dlsmfectlon
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Laguna Beach County Water District (California - USA) — 150 Lbs/Day (2.84 kg/hr)

| Drinking Water Disinfection
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Prestonburg City Utility Commission (Kentucky USA) - 120? Lbs/Day (22.7 kg/h?
Pretreatment and Final Disinfection
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2z 'De Nora On-site Sodium H¥pBchloritel

A

S Safe, Efficient, Low Lifecycle Cost, Reliable and On-Demand

‘ﬂ?//>§==> On-site and on-demand production of non-hazardous <1.0% chlorine solution
¢ Y
d /é%;‘g Meet global disinfection byproduct (DBP) standards

Trusted supplier of over 6,000 Electro-chlorination installations with 97 years of electrode(DSA) experience
Optimized process for lowest salt & power usage, saving 15% in operating costs

Generator capacities range 2—3000 Ibs/day (0.04-57 kg/hr)

Easy to install and operate with minimal maintenance

Certified to NSF/ANSI 61 Drinking Water, UL 508A and CE Mark (model specific)
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Certified to

NSF/ANSI 61




Range of Trusted Disinfection Technologies
De Nora Legacy brands with a long history of success!

.

ClorTec®
Sodium Hypochlorite Generator
(Brine Electrochlorination)

OMNIPURE™ & MARINER®

Marine Sewage Treatment
(Seawater Electrochlorination)

N o ST
g v

MIOX® SEACLOR®/SANILEC®

Mixed Oxidant Generator Sodium Hypochlorite Generator
(Brine Electrochlorination) (Seawater Electrochlorination)

BALPURE®

Ballast Water Management
(Seawater Electrochlorination)

CECHLO®

Electrochlorination
Systems

DE NORA

our research - your future

WATER MADE EASY
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Working with De Nora DENORA

Expertise and Support

Globally recognized leader in water

Decades of experience in municipal and industrial markets
Reliable and effective treatment solutions

Knowledgeable and expert staff

Global aftermarket solutions

Local partner support

e 8 8 e 8 e @

Comprehensive range of Disinfection & Filtration technologies

WATER MADE EASY 24




Thank You for Joining the Call .
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