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Chlorine Dioxide RED 
II. Chemical Overview

 A. Regulatory History 

EPA first registered the aqueous form of chlorine dioxide for use as a disinfectant and a 
sanitizer in 1967. In industrial processes, chlorine dioxide is used as a disinfectant in water 
treatment, ammonia plants, pulp mills, oil fields, scrubbing systems, odor control systems, and 
the electronics industry. In 1988, EPA registered chlorine dioxide gas as a sterilant.  Chlorine 
dioxide gas is registered for sterilizing manufacturing and laboratory equipment, environmental 
surfaces, tools, and clean rooms.  One of the major antimicrobial uses of chlorine dioxide is to 
treat drinking water. In addition, the largest use of chlorine dioxide is the non-pesticidal 
bleaching use in the pulp and paper industry. 

Both sodium chlorite and the active ingredient sodium chlorate are used as a precursor in 
the generation of chlorine dioxide. Sodium chlorite is a strong oxidizing agent that under 
oxidizing conditions is readily reduced to chlorite, another strong oxidizing agent, and to a lesser 
extent, chlorate. Sodium chlorate (included in the group of inorganic chlorates) is predominantly 
used in the pulp and paper manufacturing process and as a herbicide in agriculture.  The 
antimicrobial uses of sodium chlorate are a minor part of the use pattern.  The uses of sodium 
chlorate were assessed separately in the Inorganic Chlorates Reregistration Eligibility Decision 
(RED) (PC code 073301). The RED for the inorganic chlorates is available in the public docket 
at www.regulations.gov in docket number EPA-HQ-OPP-2005-0507.  This RED will focus on 
the uses of chlorine dioxide/sodium chlorite.  

B. Chemical Identification 

CHLORINE DIOXIDE: PHYSICAL/CHEMICAL CHARACTERISTICS 

Chemical Name: Chlorine dioxide, Chlorine (IV) oxide 
Chemical Formula: ClO2 

Chemical Structure: O Cl O 

CAS#:  10049-04-4 
Molecular Weight: 67.45 g/mol 
Color: Gas phase- Yellow green to orange 

Liquid phase- reddish brown 
Melting Point: -59 o C 
Boiling Point: 11 o C 
Odor:    Strongly pungent, chlorine-like 
Physical State: Gas at room temperature 
Density: 1.64 g/ml at 0 o C (liquid)

 1.614 g/ml at 10 o C (liquid) 
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Chlorine Dioxide RED 
Vapor Pressure: 490 mm Hg (0o C) 
    >760 mm Hg (25 o C) 
Stability: Unstable, estimated half life in water ~ 25 minutes* 
Solubility (water): 3.01 g/L at 25 o C and 34. 5 mm Hg** 

Chlorine dioxide is explosive at > -40 o C, and its explosive velocity in air is 50 
m/s.  It is highly miscible in water up to 60 g/L and is highly unstable in sunlight. 

In aqueous solutions at pH>10, chlorine dioxide will hydrolyze to form chlorate 
and chlorite ions. In neutral or near neutral solutions (4< pH <10) chlorine 
dioxide is relatively stable and exists as a free radical in water.  The rate of the 
hydrolysis reaction between water and chlorine dioxide is about ten million times 
slower than that of chlorine at neutral pH. 

SODIUM CHLORITE: PHYSICAL/CHEMICAL CHARACTERISTICS  

Chemical Name: Sodium chlorite 
Synonyms(s): Chlorous acid, sodium salt 
Chemical Formula: NaClO2 

Chemical Structure: Na+ O- Cl O 

CAS#:  7758-19-2 
Molecular Weight: 90.45 g/mol 
Color: White 
Melting Point: 180-200 o C (decomposes) 
Boiling Point: n/a 
Physical State: Solid 
Density: 2.468 g/ml (as a solid) 
Vapor Pressure: n/a 
Stability: Stable at Room Temperature 
Solubility (water): 390 g/L at 30 o C 
Compatibility: Incompatible with organic matter, sulfur, powdered 

coal, and is a powerful oxidizer. 

C. Use Profile 

The following is information on the currently registered uses of chlorine dioxide and 
sodium chlorite, including an overview of use sites and application methods.  A detailed table of 
the uses of sodium chlorate eligible for reregistration is available in Appendix A. 
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Chlorine Dioxide RED 

Type of Pesticide:  Antimicrobial 

Target Pests: Bacteria, fungi, and algal slimes. 

Use Site: 

Agricultural uses: 	 The agricultural premises and equipment uses include the 
disinfection of hard surfaces and equipment (such as 
hatching facilities and mushroom houses) and water 
systems (such as chiller water and humidification water in 
poultry houses). 

Non-agricultural uses: 	 Commercial, industrial, and medical uses include 
disinfection of ventilation systems, hard surfaces (e.g., 
floors, walls, and laboratory equipment), water systems, 
pulp/paper mills, and food rinses 

Residential: 	Residential uses include disinfection of hard surfaces (e.g., 
floors, bathrooms), heating ventilating and air-conditioning 
(HVAC) systems, and treatment of pool & spa circulation 
systems.  In addition, there is a continuous release gas 
product (sachet) for the home to control odors. 

Use Classification: 	 General Use 

Method and Rates of Application: 

Equipment: 	 Foaming wand, sprayer, injector systems, mist and fogger, 
dip carcass, mop, pump, cloth and add to systems 

Application Rates: 	 Concentrations of chlorine dioxide and sodium chlorite 
range from 5ppm to 5000ppm 

Formulation Types: 	 Soluble concentrates and ready-to-use liquid solutions  
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Chlorine Dioxide RED 
III. Summary of Chlorine Dioxide and Sodium Chlorite Risk Assessments 

The purpose of this summary is to assist the reader by identifying the key features and 
findings of these risk assessments, and to help the reader better understand the conclusions 
reached in the assessments.  The human health and ecological risk assessment documents and 
supporting information listed in Appendix C were used to formulate the safety finding and 
regulatory decision for chlorine dioxide and sodium chlorite.  While the risk assessments and 
related addenda are not included in this document, they are available from the OPP Public 
Docket, located at http://www.regulations.gov, under docket number EPA-HQ-OPP-2006-0328.  
Hard copies of these documents may be found in the OPP public docket under this same docket 
number.  The OPP public docket is located in Room S-4400, One Potomac Yard (South 
Building), 2777 South Crystal Drive, Arlington, VA, 22202 and is open Monday through Friday, 
excluding Federal holidays, from 8:30 a.m. to 4:00 p.m. 

A. Human Health Risk Assessment 

The human health risk assessment for chlorine dioxide and sodium chlorite incorporates 
potential exposure and risks from all sources, which include food, drinking water, residential (if 
applicable), and occupational scenarios.  Aggregate assessments combine food, drinking water, 
and any residential or other non-occupational (if applicable) exposures to determine potential 
exposures to the U.S. population. The Agency’s human health assessment is protective of all 
U.S. populations, including infants and young children.  For more information on the chlorine 
dioxide and sodium chlorite human health risk assessment, see Revised Chlorine Dioxide Risk 
Assessment, dated July 27, 2006, available at www.regulations.gov (EPA-HQ-OPP-2006-0328). 

The Agency’s use of human studies in the sodium chlorite risk assessment is in 
accordance with the Agency's Final Rule promulgated on January 26, 2006, related to 
Protections for Subjects in Human Research, which is codified in 40 CFR Part 26.   

1. Toxicity of Chlorine Dioxide and Sodium Chlorite 

A brief overview of the toxicity studies used for determining endpoints in the dietary risk 
assessments are outlined in Table 2.  The Agency has reviewed all toxicity studies submitted for 
chlorine dioxide and has determined that the toxicological database is complete, reliable, and 
sufficient for reregistration.  For more details on the toxicity and carcinogenicity of the chlorine 
dioxide and sodium chlorite, see the Chlorine Dioxide Toxicology Disciplinary Chapter, Case 
4023, dated April, 5, 2006, which is available under docket number EPA-HQ-OPP-2006-0328. 

Major features of the toxicology profile are presented below. The acute toxicity of 
chlorine dioxide is moderate by the oral route (toxicity category II).  The acute toxicity of 
chlorine dioxide using sodium chlorite as the test material is considered minimal by the dermal 
route (toxicity category III). By the inhalation route using sodium chlorite as the test material, 
chlorine dioxide was moderately toxic. For primary eye irritation, chlorine dioxide was a mild 
irritant (toxicity category III), but the technical test material was not used.  For primary dermal 
irritation, sodium chlorite was a primary irritant (toxicity category II).  For dermal sensitization, 
there are no acceptable studies for chlorine dioxide or sodium chlorite.  The acute toxicity profile 
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Chlorine Dioxide RED 
for chlorine dioxide is summarized in Table 1 below. 

Table 1. Acute Toxicity Profile for Chlorine Dioxide/ Sodium Chlorite 
Guideline 
Number 

Study Typea / Test 
substance (% a.i.) 

MRID Number/ 
Citation 

Results Toxicity 
Category 

870.1100 
(§81-1) 

Acute oral 
(79% chlorine dioxide) 

43558601 LD50 = 292 mg/kg 
(males) 
LD50 = 340 mg/kg 
(females) 

II 

870.1200 
(§81-2) 

Acute dermal 
(80% sodium chlorite) 

40168704 LD50 > 2000 mg/kg III 

870.1300 
(§81-3) 

Acute inhalation 
(80.6% sodium 
chlorite) 

42484101 LC50 = 0.29 mg/L II 

870.2400 
(§81-4) 

Primary eye irritation 
(2% chlorine dioxide) 

43441903 Mild irritant III 

870.2500 
(§81-5) 

Primary dermal 
irritation 
(80% sodium chlorite) 

40168704 Primary irritant II 

870.2600 
(§81-6) 

Dermal sensitization No acceptable sensitization study available. 

a The available acute studies are all graded as acceptable.  An acceptable dermal sensitization study is not available 
in the database.   

The doses and toxicological endpoints selected for the dietary exposure scenarios are 
summarized in Table 2 below. 

Table 2: Summary of Toxicological Doses and Endpoint Selection for  
Chlorine Dioxide/ Sodium Chlorite 

Exposure 
Scenario 

Dose Used in 
Risk 

Assessment 
(mg/kg/day) 

UF/MOE for Risk 
Assessment 

Study and Toxicological Effects 

Acute Dietary An acute dietary endpoint was not identified in the database for chlorine dioxide.  This risk 
assessment is not required. 

Chronic Dietary NOAEL = 3 
mg/kg/day 

UF = 100 (10x inter-
species extrapolation, 
10x intra-species 
variation) 

Chronic  PAD = 0.03 
mg/kg/day 

Two-generation reproduction toxicity study (CMA, 
1996) - decreases in absolute brain and liver weight, 
and lowered auditory startle amplitude at LOAEL of 
6 mg/kg/day 

Developmental Toxicity - Rat (Orme et al., 1985)- 
neurobehavioral and exploratory deficits in rat pups 

Carcinogenicity No cancer data is available for chlorine dioxide.   
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