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Disinfection byproducts

What are 

DBPs?

What are they?

How are they formed?

Disinfection byproducts are 

chemicals/contaminants, organic and 

inorganic substances that can form 

during a reaction of a disinfectant 

with naturally present organic matter 

in the water.

DBPs

Examples: Chlorate*, chlorophenols, 

bromate, perchlorate, trihalomethanes (THM), 

halogenic acetic acids (HAA), chloramines, 

aldehydes,  alkanic acids

*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).



Disinfection byproducts

What are 

DBPs?

Why are they a problem?

Chlorate 

Health Problems

Drinking water: The source 

of up to 60% of chronic 

chlorate exposure for infants.

Chronic exposure: over 

time, exposure to chlorate 

can inhibit iodine intake.

Reduced Iodine intake:

interferes with Thyroid 

functioning.

Acute exposure can lead to 

kidney failure.

Chronic Reference Dose 

(RfD) is 0.03 mg/kg/day with 

no adverse health effects.



Official data from organizations and regulatory agencies

104 countries and territories representing 

89 % of the world population 

Controlling Disinfection By-Products

Chlorate (ClO3
-) – general data (WHO report, 2017)

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

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/l

Minimum value set 0.05 mg/l or 50 ug/l



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

Chlorate (ClO3
-) – area of interest

NOT UNIFORMELY REGULATED

▪ Bromate (BrO3
-) - Regulated 

Gastrointestinal Symptoms, kidney effects and Carcinogen at large exposure amounts for 
long period of time.
USEPA = 10 μg/L = 10 ppb (MCL)
WHO = 10 μg/L 
European & National Drinking Water Standards = 10 μg/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 μg/L (MCLG)
WHO = 70 μg/L
CA = 6 μg/L (MCL)

WHO recommends limit of 700 μg/l

Canada regulates 1000 μg/l

EPA no limit - Health Reference Level 210 μg/l

EU Commission will regulate 250 μg/l

China regulates 700 μg/l

ME (Emirates, Saudi, Qatar) regulate 700 μg/l

India no limit

Australia no limit - proposed limit 300 μg/l

EFSA recommends 700 ug/l

** EFSA (European Food Safety Authority) 
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Chlorate Formation Mechanisms

Chlorine gas does not produce chlorate

Bulk sodium hypochlorite
3ClO-

→ ClO3
- + 2Cl-

2HClO + ClO-
→ ClO3

- + 2Cl- + 2H+

On site hypo generation: Electrolysis
Cl- + 3H2O → ClO3

- + 6H+ + 6e–

6OCl- + 3H2O → 3/2 O2 + 2ClO3
- + 4Cl- + 6H+ + 6e –

6HOCl + 3H2O → 3/2 O2 + 2ClO3
- + 4Cl- + 12H+ + 6e–



Factors Influencing Chlorate Formation & Mitigation Methods

Bulk Hypochlorite Mitigation Methods

Storage Time

Storage Temperature

Concentration

Impurities

Reduce storage - 1 to 2 days
Limit Storage Volume

Move Storage Indoors or add 
chiller

Purchase lower concentration
Ensure freshness when purchased
Dilute conc. once delivered

Limit heavy metals (Co, Ni)



On-site Hypochlorite Generation Mitigation Methods

Storage Time

Production & 
Storage Temperature

Concentration

Impurities

pH

Reduce storage - 1 to 2 days

Chilled water pre-formation
Chilled hypo post-formation

Limit degradation

Keep pH above 9 
** Highest Chlorate formation is at 7.24

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

Factors Influencing Chlorate Formation & Mitigation Methods



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.

Generating on-site can 
mitigate the risks.



On-site Sodium Hypochlorite Generation Process

NaCl + H2O  + 2e- NaOCl + H2

Water Softener
Hypochlorite 

Generator

Soft Water

Saturated 
Brine

0.8%
Hypo

Diluted 
Hydrogen

Soft
Water

Metering 
Pump

Disinfected Water

Salt/Brine 
Storage

0.8% hypochlorite 
Storage

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.



New Developments

Adjust flow rates of system (patent pending)

Adjust salinity (patent pending)

Reduce temperature of OSHG process (patented)

De Nora has been 

Researching 

chlorate 

production and 

mitigation.
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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
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Conclusion Based on Rigorous Testing

Patent-pending technology developed by De 

Nora has enable the ability to control chlorate 

levels produced by the ClorTec®  OSHG 

system. 

10 ug/l (10 ppb) 
Typical Limit Value in Baby Food Industry

20 ug/l (20 ppb) 
Typical Limit Value in Soft Drinks Industry

ClorTec® – Chlorate/Bromate Investigation & 

Results 

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



Mitigation Method Case Study: Reduce Storage Time
Soft Drink Producer, France

CHALLENGE
Reduce chlorate concentration to a level acceptable 

in the commercial beverage industry

APPLICATION
Disinfection of water used in making soft drinks

ACHIEVEMENT
Chlorate concentration in process water 

met customer targets

SOLUTION
Operate at lower temperature and 

reduce hypo storage capacity

EQUIPMENT
ClorTec®  MCT-12 12 lbs/day

Control panel, power supply, brine tank, hypo storage tank



China Case Study: Achieve Water Safety and Operation Optimization 
Domestic Water Plant, Taizhou China

CHALLENGE
- Operation safety concern rising from the chlorine gas

- Water plant expansion, ensure water safety for local community

APPLICATION
- Municipal drinking water disinfection

- Used chlorine gas for disinfection before

ACHIEVEMENT
- Eliminate the safety concern from chlorine gas

- Improve water quality through effective and reliable disinfection

- Secure water safety with low chlorate  

SOLUTION
- Replace existing chlorine gas by ClorTec OSHG system 

with China drinking water certificate 

EQUIPMENT
- ClorTec CT-DN1500 x 3, Capacity: 30kg/h x 3

- Control panel, power supply, brine tank, hypo storage tank

China Domestic Drinking 
Water Certificate
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De Nora Other Electro-chlorination Case Studies
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Chongli Water Plant Winter Olympics Project (Chongli, China) – 45kg/Day  
Drinking Water Disinfection 

Tibet Lhasa Najin Water Plant Project (Lhasa, China) – 450x4kg/Day  
Drinking Water Disinfection 

ClorTec® Installation
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Signal Butte WTP (Arizona - USA) – 2 x 1800 Lbs/Day (34 kg/hr) 
Drinking Water Disinfection 

ClorTec® Installation
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Laguna Beach County Water District (California - USA) – 150 Lbs/Day (2.84 kg/hr) 
Drinking Water Disinfection 

ClorTec® Installation
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Prestonburg City Utility Commission (Kentucky - USA) – 1200 Lbs/Day (22.7 kg/hr) 
Pretreatment and Final Disinfection

ClorTec® Installation
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De Nora On-site Sodium Hypochlorite Generator

EPA Est. No. 

48482-TX-1

Key Benefits

On-site and on-demand production of non-hazardous <1.0% chlorine solution

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 lbs/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)

Safe, Efficient, Low Lifecycle Cost, Reliable and On-Demand 
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Range of Trusted Disinfection Technologies

OMNIPURE™ & MARINER®
Marine Sewage Treatment

(Seawater Electrochlorination)

SEACLOR® /SANILEC®
Sodium Hypochlorite Generator
(Seawater Electrochlorination)

BALPURE®
Ballast Water Management

(Seawater Electrochlorination)

ClorTec®  
Sodium Hypochlorite Generator 

(Brine Electrochlorination)

CECHLO®
Electrochlorination 

Systems

MIOX®  
Mixed Oxidant Generator

(Brine Electrochlorination)

De Nora Legacy brands with a long history of success!
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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

Comprehensive range of Disinfection & Filtration technologies

Working with De Nora

Expertise and Support
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Your Questions

Thank You for Joining the Call

Answered


