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Abstract :     The chemical, 1,4-dioxane does have much relevance with respect to Indian Nuclear
Power Programme for counting of Tritium, which is mainly generated during the operation of
nuclear research reactors and power reactors which use heavy water. Tritium analysis is routinely
carried out at BARC. The scintillation solutions which are used for tritium counting, consist of
mainly 1,4 dioxane and naphthalene along with minor concentration of PPO/POPOP. Each sample
analysis generates about 10 ml of tritium contaminated spent scintillation liquid waste. Total
generation rate of the waste in a typical PHWR reactor is about 2-3 m3/year. Controlled incineration
of scintillation liquids has been opted at BARC for the treatment of radioactive organic waste.
Now that 1,4-dioxane has shown threat to human health and environment, it is important and
necessary to know its levels (concentrations) in different environmental compartments to evaluate
the risks associated with it. Standard methods are available for the measurement of 1,4-dioxane
in air. Higher concentration can be estimated by direct analysis but estimation at lower levels
(parts per billion-ppb) requires pre concentration prior to its analysis. Here an improved method
that offers increased sensitivity has been used for determining lower levels of 1,4-dioxane. This
report presents (1) the development of the methodology for the estimation of 1,4-dioxane at ppb
levels using cryogenic pre-concentration and subsequent analysis by Gas Chromatograph with
Electron Capture detector (GC-ECD) (2) techniques to check the incineration efficiency and
release of 1,4-dioxane to the environment. The data generated by this study could be further
used in the evaluation of risk.
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Preamble 
 

The chemical, 1,4-dioxane does  have much relevance with respect to 

Indian Nuclear Power Programme for  counting of  Tritium , which  is 

mainly generated during the operation of nuclear research reactors  and 

power reactors which use heavy water. Tritium analysis is routinely 

carried out at BARC. The scintillation solutions which are used for 

Tritium counting, consist of mainly 1,4 dioxane and naphthalene along 

with minor concentration of PPO/POPOP. Each sample analysis 

generates about 10 ml of tritium contaminated spent scintillation liquid 

waste. Total generation rate of the waste in a typical PHWR reactor is 

about 2-3 m3/year. Controlled incineration of scintillation liquids has 

been opted at BARC for the treatment of radioactive organic waste. Now 

that 1,4-dioxane has shown threat to human health and environment, it is 

important and necessary to know its levels (concentrations) in different 

environmental compartments to evaluate the risks associated with it.   

The chemical, 1,4-dioxane was declared a Priority Existing Chemical 

under the “Industrial Chemicals (Notification and Assessment) Act 1989 

in 1994 due to its known adverse health effects, in particular possible 

carcinogen effects. EPA has also classified 1,4-dioxane as a group B2, 

probable carcinogen. The chemical, 1,4-dioxane exhibits low acute 

toxicity, but has been shown to cause irritation of eyes and respiratory 

tract in humans and animals. Short term exposure to high levels of 1,4 

dioxane is associated with severe kidney and liver damage in animals and 

humans. 

The chemical, 1,4-dioxane is absorbed by inhalation,  dermal and oral 

routs. In animals, 1,4 dioxane is distributed to liver, kidney, spleen, lung, 



colon and skeletal muscle, with selective uptake by liver and kidney. 

Fugacity modeling predicts a partitioning of 91% to water and 9% to air. 

Exposure to 1,4-dioxane can occur in workplace or in environment 

following releases to air, water, land, or groundwater. Occupational 

exposure to 1,4-dioxane is the most likely route of exposure. 

Standard methods are available for the measurement of 1,4-dioxane in air. 

Higher concentration can be estimated by direct analysis but estimation at 

lower levels (parts per billion-ppb) requires pre concentration prior to its 

analysis. Here an improved method that offers increased sensitivity has 

been used for determining lower levels of 1,4-dioxane. This report 

presents (1) the development of the methodology for the estimation of 

1,4-dioxane at ppb levels using cryogenic pre-concentration and 

subsequent analysis by Gas Chromatograph with Electron Capture 

detector (GC-ECD) (2) techniques to check the incineration efficiency 

and release of 1,4-dioxane to the environment. The data generated by this 

study could be further used in the evaluation of risk. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
List of Figures 
 
Fig 1. Structure of 1,4-Dioxane 

Fig 2. Block Diagram for Cryogenic Pre-Concentration System 

Fig 3. Chromatogram of 1,4-Dioxane 

Fig 4. Linearity Curve for 1,4-Dioxane 

 
 
 
List of Tables 
 
Table 1. Properties of 1,4-Dioxane 

Table 2. Composition of Commercial grade 1,4-Dioxane 

Table 3. Concentration (ppm) of 1,4  Dioxane in air samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Contents 
 
 

 Preamble 
 

 

 List of Figures 
 

 

 List of Tables 
 

 

1. Introduction  

  1.1. What is 1,4-Dioxane 
     1.1.1. Occurrence of Impurities in 1,4-Dioxane 

 

  1.2. Uses of 1,4-Dioxane  
     1.2.1. General Uses  
     1.2.2. Laboratory/Research Uses  

     1.2.3. Film Processing  
     1.2.4. Optical Lens Manufacture  
     1.2.5. Pharmaceutical Manufacture  
  1.3. Production 

 
 

2. 1,4-Dioxane in Environment  
  2.1. Characteristics of 1,4-Dioxane Which Are Relevant for Exposure 

Assessment 
 

     2.1.1. Degradation  
     2.2.2. Distribution  
     2.2.3. Accumulation  
  2.2. Environmental Release  
  2.3. Transport  
  2.4. Transformation / Persistence  
     2.4.1. Air  
     2.4.2. Soil  

     2.4.3. Water  
     2.4.4. Biota  



     2.4.5. Human Body 
 

 

3. Exposure Pathways 
 
 
 

 

4. Health Effects  
  4.1. Signs and Symptoms of Exposure 

 
 

5. Handling and Storage 
 

 

6. Exposure Controls / Personal Protection  

  6.1. Air-Borne exposure Limits  
  6.2. Ventillation Systems  
  6.3. Personal Respirators  
  6.4. Skin Protection  

  6.5. Eye Protection 
 
 

 

7. Use of 1,4_dioxane in BARC  

  7.1. Composition of Scintillator cocktail 
 

 

8. Methods of detection and Analysis   
  8.1. Cryogenic Pre-Concentration  
  8.2. Analysis 

 
 

9. Results 
 

 

10. References  
   
   
   

 

 

 

 

 

 



1. Introduction: 
 

1.1 What is 1,4-dioxane? 
 

The chemical, 1,4-dioxane was declared a Priority Existing Chemical under the 

“Industrial Chemicals (Notification and Assessment) Act 1989 in 1994 due to its 

known adverse health effects, in particular possible carcinogen effects. EPA has also 

classified 1,4-dioxane as a group B2, probable carcinogen. 

1,4-Dioxane occurs as a colorless flammable liquid that is miscible in water with a 

mild ethereal odor.  It may form explosive chemical, especially when anhydrous (very 

dry).  This chemical has wide application in different fields. Dioxane is used as a 

solvent for paper, cotton, and textile processing and for various organic products. It is 

also used in automotive coolant liquid, in shampoos and other cosmetics. 1,4 dioxane 

is also used as solvent in chemical synthesis, research and analysis ( mainly laboratory 

applications) and in adhesive products used in celluloid film processing. It is also 

produced in trace amounts as an unwanted by-product in the manufacture of 

ethoxylated chemicals, in particular surfactants.  

1,4 dioxane exhibits low acute toxicity, but has been shown to cause irritation of eyes 

and respiratory tract in humans and animals. Short term exposure to high levels of 1,4 

dioxane is associated with severe kidney and liver damage in animals and humans. 

The public health risk assessment concluded that the main potential source of 

exposure to the general public is from exposure to consumer products containing 1,4-

dioxane as an impurity. 1,4 dioxane is absorbed by inhalation,  dermal and oral routs. 

In animals, 1,4 dioxane is distributed to liver, kidney, spleen, lung, colon and skeletal 

muscle, with selective uptake by liver and kidney. 

 

The environmental risk assessment indicates that the majority of 1,4 dioxane used , 

gets released to soil from which it is likely to reach ground water. Fugacity modeling 

(USEPA 1996a) predicts a partitioning of 91% to water and 9% to air. Rapid 

degradation (half-life <7 hrs) of 1,4 dioxane is expected in the atmosphere, whereas 

biodegradation and photo-oxidation half-lives in surface and ground water was 

estimated between 1 month and several years. Due to its hydrophilicity and partition 

coefficient (log Kow), the potential for bioaccumulation was considered negligible. 



 

Now that 1,4-dioxane has shown threat to human health and environment, it is 

important and necessary to know its levels (concentration) in different environmental 

compartments to evaluate the risks associated with it.  Though standard methods are 

available for measurement of 1,4 dioxane in air, improved method that offer increased 

sensitivity would be useful for determining lower levels of 1,4 dioxane.    Higher 

concentration can be estimated by direct analysis but estimation at lower levels (ppb) 

requires pre concentration prior to its analysis. This report presents a methodology for 

the estimation of 1,4-dioxane at ppb levels using cryogenic pre concentration. The 

purpose of analytical method is to identify contaminated areas and to determine if 

contaminants levels constitute a concern for human health. The Environmental Health 

Laboratory Science Division of the National Center for Environmental Health. 

Centers for disease Control and Prevention is also developing methods for the 

analysis of 1,4 dioxane. This could be an alternative methodology for the 

determination of 1,4-dioxane in air.  

 

The chemical formula of 1,4-dioxane of C4H8O2, and its molecular weight is 88.11. It 

is also called 1,4-Diethyleneoxide.   

1,4-Dioxane, a cyclic ether, volatile, colorless liquid with a mild, ethereal odor. 1,4- 

dioxane is a polar volatile organic compound therefore  is miscible with water, most 

organic solvents, aromatic hydrocarbons, and oils. 1,4-Dioxane is flammable and is 

available in reagent, technical (more than 99.9% pure), spectrophotometric, and 

scintillation grades (HSDB 2001). Other important properties are listed in table 1. The 

structure of 1,4-Dioxane is shown in fig 1. 

 
 

     Fig. 1: Structure of 1,4-Dioxane 

 

 



 

Table 1:  Properties of 1,4-Dioxane 

 

Sr.No. Property  

1. Chemical Name 1,4-Dioxane  

2. Synonyms dihydro-p-dioxin, diethylene dioxide, p-dioxane, 

glycolethylene ether 

4. Molecular Formula C4H8O2 

5. Molecular weight 88.11 

6. Specific Gravity 1.03 

7. Melting point 11.8oC 

8. Boiling Point 101 

9. Vapour Pressure 27 mm Hg at 20oC 

10. Henry’s Law Constant at 250C 4.8 X 10-6 atm cm3 mol-1 

11. Density 1.0336 g/ml 

12. Kow 0.537 

14. Stability Stable 

15. Flash Point 12 0C 

 

 

 

Table 2: Composition of commercial grade 1,4-Dioxane (Santodonato et al 1985, 

GDCH 1991) 

 

1,4- Dioxane 99.8% (min) 

2-Ethyl-1,3 dioxolane 0.1% max. (1000 ppm) 

2-Methyl-1,3 dioxolane 0.03% max (300 ppm) 

Water 0.015% max (150 ppm) 

Acidity (as acetic acid) 0.01% max (100 ppm) 

Peroxides (as hydrogen peroxides) 50 mg/kg max (50 ppm) 

Nonvolatile matter 0.0025% (25 ppm) 

 



Other impurities reported (HSDB 1996) GDCH 1991, Petave et al. 1976) for different 

grades/sources of product include 

Bis (2-chlorowethyl) ethers 

Hydroquinon (stabliser) 

2,6-ditert-butyl-p-cresol (stabliser) 

Acetaldehyde 

Crotonaldehyde 

Paraldehyde 

Glycidol 

Ethylene di formate 

Methyldiformate 

Iron 

Lead 

 

1.1.1 Occurrence of 1,4 dioxane as an impurity: 1,4-dioxane can occur as an 

impurity in other materials, either as a residue or as a by-product. It can be formed as 

a reaction by-product, particularly in chemicals which are produced by ethoxylation. 

It can be formed as a byproduct in alkylether sulfate , of which sodium lauryl ether 

sulfate is used. 

 

1.2 Uses of 1, 4-Dioxane: 
1.2.1 General Uses 

1,4-Dioxane is used primarily as a stabilizer in chlorinated solvents, particularly 

1,1,1-trichloroethane (approximately 90% of the 1,4- dioxane produced). It is also 

used as a solvent for cellulose acetate, ethyl cellulose, benzyl cellulose, lacquers, 

plastics, varnishes, paints, dyes, resins, oils, fats, waxes, greases, and polyvinyl 

polymers. 1,4- Dioxane is used as a reaction medium solvent in organic chemical 

manufacture, as a wetting agent and dispersing agent in textile processing, as a 

solvent for specific applications in biological procedures, as a liquid scintillation 

counting medium, as a reagent for laboratory research and testing, in the preparation 

of histological sections for microscopic examination, in paint and varnish strippers, 

and in stain and printing compositions. 1,4-Dioxane may also have been used as a 



solvent in coatings, sealants, adhesives, cosmetics, and pharmaceuticals (HSDB 

2001).   

The application of 1,4-dioxane in nuclear industry is, it is used as stabilizing medium 

in which samples are prepared for liquid scintillation counting. Activity of 

radionuclides with very low energy beta emission, like that of tritium and carbon-14 is 

measured by preparing samples in 1,4 dioxane. Estimation of air activity os tritum is 

important in pressurized Heavy Water Reactors (PHWRs) where heavy water is used 

as both coolant and moderator, and liquid scintillation counting is the method of 

choice for air activity measurement of tritium.  

 

1.2.2 Laboratory / Research Use: 

 

1,4-dioxane has wide range of applications as alaboratory reagent/solvent. It is used 

for chemical synthesis, solvent for organic, inorganic and polymer materials, cleaning 

solvent, extraction and analysis of plant material, chemical drying of soil samples and 

analytical techn iques such as cjhromatography, radiochemical analysis and titrimetry.  

 

1.2.3 Film Processing: It is used for gluing (splicing) celluloid film in the film 

processing industry. 

 

1.2.4 Optical Lens Manufacture: Used for antiscratch coating to treat plastic 

optical lenses. Substitued chemicals are currently being used in its place. 

 

1.2.5 Pharmaceutical Manufacture: 1,4-dioxane is used in the reaction medium 

during the manufacture of a pharmaceutical (active) material.  

 

1.3 Production: 
 

In 1995, the production capacity of known producers and the world wide production 

volume was estimated at 8000 and 10,000 Metric Tones per year 

respectively.However, current production levels of 1,4-dioxane are expected to be 

significantly less due to changing use pattern. (ATSDR – Toxicologoical profile) 

 



 

 

2.  1,4 - Dioxane in Environment  
 

2.1 Characteristics of 1,4-Dioxane Which are Relevant for 

Exposure Assessment: 
1,4-Dioxane has recently been attracting much attention due to its classification as a 

probable carcinogen. Now that 1,4-dioxane has been shown to be a threat to human 

health & Environment, regulatory agencies have begun to focus on it. 

 

2.1.1 Degradation: 1,4- dioxane is found to be resistant to biodegradation therefore 

does not biodegrade rapidly in the environment. Elimination from the environment is 

in part simply by stripping. No hydrolysis, no direct photolysis in the lower 

atmosphere.  

 

2.1.2 Distribution: Based on log Kow ( -0.32)  it is concluded that 1,4 dioxane has 

a low adsorption potential and thus high mobility/leaching potential. A calculated 

Henry’s low constant of 4.34 ps m3/mol indicates that 1,4-dioxane is moderately 

volatile from water. 

 

2.1.3 Accumulation: On the basis of high water solubility and the low log Kow no 

bioaccumulation of 1,4-dioxane is expected. 

 

2.2  Environmental Release: 
  

1,4-dioxane can evaporate when exposed to air. It mixes easily with water. Once in 

air, it breaks down to other chemicals. 1,4-Dioxane can evaporate from dry soil 

exposed to air. It is not likely to evaporate as readily from water or moist soil. 

Because it is a liquid that does not bind well to soil, dioxane that makes its way into 

the ground can move through the ground and enter groundwater. Plants and animals 

are not likely to store. 

Of the total 1.13 million pounds of 1,4-dioxane released into the U.S. environment in 

1992, as reported to the Toxics Release Inventory by certain types of U.S. industries, 



680 thousand pounds were released into the atmosphere, 450 thousand pounds were 

released into surface waters, and 33 hundred pounds were released onto the land 

(TRI92 1994). 1,4-Dioxane at a concentration of 1 microgram/l has been detected in 

drinking water in the U.S., (no specific locations given); the chemical was detected in 

37% of well water samples collected near a solid waste landfill located 60 miles 

southwest of Wilmington, DE. 1,4-Dioxane at 1 microgram/L was detected in the 

Chicago Sanitary and Ship Channel.  Fugacity model by ASTER (US EPA 1996a) 

indicates that at equilibrium 91% of 1,4-dioxane will partition to water, with 9% 

partition to air. 

 

2.3  Transport:  
The low estimated soil-sorption coefficient (Koc), indicates that 1,4-dioxane should 

readily leach to ground water. The estimated Henry's Law constant suggests that 

volatilization from moist soils will be slow. Based on its vapor pressure, volatilization 

from dry soils should be fast. 1,4-dioxane is not expected to adsorb significantly to 

suspended sediments (Howard 1990).  

 

2.4  Transformation / Persistence:  
2.4.1  Air : 1,4-Dioxane in the atmosphere is expected to degrade fairly quickly. 

The half-life of the reaction of 1,4-dioxane with photochemically produced hydroxyl 

radicals in the atmosphere was estimated to be 6.7-9.6 hours. The expected products 

of this reaction are aldehydes and ketones. Experimental results of sunlight-irradiated 

mixtures of 1,4-dioxane/NO suggest similar half-lives (Howard 1990). 

(http://www.usepa.org/) 

 

2.4.2 Soil : No adsorption data are available, but the low estimated log soil-sorption 

coefficient (Koc) suggests that 1,4-dioxane should readily leach to ground water.  

No data concerning the volatilization of 1,4-dioxane are available, but the estimated 

Henry's Law constant suggests that volatilization from moist soils will be slow; 

however, based on its vapor pressure, volatilization from dry soils should be fast. 1,4-

dioxane is not expected to biodegrade in soil (Howard 1990). (http://www.usepa.org/) 

 



2.4.3 Water : No hydrolysis data on 1,4-dioxane are available. Because ethers in 

general have been classified as generally resistant to hydrolysis, 1,4-dioxane is not 

expected to hydrolyze significantly. The estimated Henry's Law constant for 1,4-

dioxane and its miscibility in water suggest that volatilization will be slow. From its 

estimated Koc, 1,4-dioxane is not expected to significantly adsorb to suspended 

sediments. 1,4-Dioxane is not expected to biodegrade in water (Howard 1990). 

(http://www.usepa.org/) 

 

2.4.4 Biota : 1,4-Dioxane has low toxicity to aquatic life. Based on its log P, 1,4-

Dioxane is not expected to bioconcentrate in fish (Howard 1990).  

 

2.4.5 Human Body : In humans, the major metabolite of dioxane is b-

hydroxyethoxyacid (HEEA) and the kidney is the major route of excretion. (Young et 

al, 1976) 

 

 

3. Exposure Pathways 
 

Exposure to dioxane can occur in the workplace or in the environment following 

releases to air, water, land, or groundwater. It enters the body when people breathe air 

or consume water or food contaminated with dioxane. It can also be absorbed through 

skin contact. It does not remain in the body due to its breakdown and removal.  

Occupational exposure to 1,4-dioxane is the most likely route of exposure. EPA has 

not established a Reference Concentration (RFC) or a Reference Dose (RFD) for 1,4-

dioxane. Factors which determines the exposure include the dose (how much), the 

duration (how long) and the way person contact it. Age, Sex, family traits, lifestyle 

and state of health  also play an important role.  

 

 

 

 

 



4. Health Effects 
 

EPA has classified 1,4-dioxane as a Group B2 , probable human carcinogen. EPA has 

calculated an oral cancer slope factor of 0.011 (mg/kg/d)-1 

Effects of 1,4-dioxane on human health and the environment depend on how much 

1,4-dioxane is present and the length and frequency of exposure. Effects also depend 

on the health of a person or the condition of the environment when exposure occurs.  

Breathing 1,4-dioxane for short periods of time causes irritation of the eyes, nose and 

throat in humans. Exposure to large amounts of 1,4-dioxane can cause kidney and 

liver damage. Accidental worker exposure to large amounts of 1,4-dioxane has 

resulted in several deaths. Symptoms associated with these industrial deaths suggest 

1,4-dioxane causes adverse nervous system effects. These acute effects are not likely 

to occur at concentrations of 1,4-dioxane that are normally found in the U.S. 

environment.  

Limited evidence suggests that repeatedly breathing small amounts of 1,4-dioxane 

over long periods of time causes no adverse effects in workers. Laboratory studies 

show that exposure to 1,4-dioxane over a lifetime causes cancer in animals. 1,4-

Dioxane may likewise cause cancer in humans. Laboratory studies sow that repeat 

exposure to large amounts of 1,4-dioxane in drinking water, in air, or on the skin 

causes liver and kidney damage in animals. �

 

4.1 Signs and Symptoms of Exposure  
Effects of 1,4-dioxane on human health and the environment depend on how much 

1,4-dioxane is present and the length and frequency of exposure. Effects also depend 

on the health of a person or the condition of the environment when exposure occurs. 

Acute exposure to dioxane results in irritation of the eyes, nose, throat, and lungs. 

Persons exposed acutely may develop headache, dizziness, and drowsiness, and may 

have difficulty breathing. There can be nausea, vomiting, loss of appetite, stomach 

pain, kidney failure, and liver damage [Sittig 1991; Genium 1989].  

Chronic dermal exposure may result in irritation, dermatitis, eczema, drying, and 

cracking of the skin. Chronic, low dose exposure to dioxane may damage the liver and 

kidneys [Sittig 1991; Sax and Lewis 1989].  1,4-Dioxane is reasonably anticipated to 



be a human carcinogen based on sufficient evidence of carcinogenicity in 

experimental animals (IARC 1976, 1982, 1999, NCI 1978). 

 

 

5. Handling and Storage 

Protect against physical damage. Store in a cool, dry well-ventilated location, away 

from direct sunlight and any area where the fire hazard may be acute. Store in tightly 

closed containers (preferably under nitrogen atmosphere). Outside or detached storage 

is preferred. Inside storage should be in a standard flammable liquids storage room or 

cabinet. Separate from oxidizing materials. Containers should be bonded and 

grounded for transfers to avoid static sparks. Storage and use areas should be No 

Smoking areas. Use non-sparking type tools and equipment. Protect from freezing. 

Before using bulk quantities of this material, test for presence of explosive peroxides. 

Wear special protective equipment (Sec. 8) for maintenance break-in or where 

exposures may exceed established exposure levels. Wash hands, face, forearms and 

neck when exiting restricted areas. Shower, dispose of outer clothing, change to clean 

garments at the end of the day. Avoid cross-contamination of street clothes. Wash 

hands before eating and do not eat, drink, or smoke in workplace. Containers of this 

material may be hazardous when empty since they retain product residues (vapors, 

liquid); observe all warnings and precautions listed for the product.  

 

6. Exposure Controls/Personal Protection 
 

6.1 Airborne Exposure Limits: 
 

OSHA Permissible Exposure Limit(PEL) :100ppm(TWA)skin 

ACGIH Threshold Limit Value (TLV) : 20ppm(TWA)skin 

A3-AnimalCarcinogen 

 

 

 

 



6.2 Ventilation System: 
 

A system of local and/or general exhaust is recommended to keep employee 

exposures below the Airborne Exposure Limits. Local exhaust ventilation is generally 

preferred because it can control the emissions of the contaminant at its source, 

preventing dispersion of it into the general work area.  

 

6.3 Personal Respirators (NIOSH Approved): 
If the exposure limit is exceeded and engineering controls are not feasible, wear a 

supplied air, full-face piece respirator, airlined hood, or full-face piece self-contained 

breathing apparatus. Breathing air quality must meet the requirements of the OSHA 

respiratory protection standard (29CFR1910.134). 

 

 6.4 Skin Protection : Wear impervious protective clothing, including boots, 

gloves, lab coat, apron or coveralls, as appropriate, to prevent skin contact. 

 

6.5 Eye Protection : Use chemical safety goggles and/or a full face shield 

where splashing is possible. Maintain eye wash fountain and quick-drench facilities in 

work area.  

 

 

7. Use of 1,4-Dioxane in B.A.R.C. (Bhabha Atomic 

Research Center) 

 
 

Tritium is mainly generated during the operation of nuclear reactors both research and 

power reactors which use heavy water. Tritium analysis is routinely carried out using 

liquid scintillation counter. The aqueous sample is mixed with the scintillation 

cocktail and counted for tritium activity. The scintillation solution consists of mainly 

1,4-dioxane and naphthalene along with minor concentration of PPO/POPOP.  

 

 



 

7.1 Composition of Scintillator Cocktail: 
 

 

 

 

 

 

 

Each sample analysis generated about 10 ml of the tritium contaminated spent 

scintillation liquid waste. Total generation rate of the waste in a typical PHWR reactor 

is about 2-3 m3/year.  

The different methods generally used for the treatment of radioactive organic waste 

are (1) Direct immobilization (2) Adsorption (3) Incineration 

The disadvantage of direct immobilization is increased volume of the treated waste. 

(Willis A.S.D. et all (1984). In case of adsorption  method a number of adsorbents 

such as clay, polymer etc. are available which on adsorption are turned into either dry 

solid particles or form a jelly like solid, such material usually don’t comply with long 

term storage acceptance criteria and may cause degradation of the sorbent material. 

(Technical Report Series No. 427, “Pre Disposal Management of Organic Radioactive 

Waste” International Atomic Energy Agency, Vienna. IAEA –TECDOC -427 (2004)) 

Incineration is well developed technology that has been employed as a part of the 

treatment process for this type of organic liquid waste used worldwide. (Technical 

Report Series No. 656. International Atomic Energy Agency, Vienna. IAEA –

TECDOC – 656 (1992)) 

Incineration is an exothermic reaction process which uses heat and oxygen to destroy 

organic material, through combustion. Combustible nature of organic material makes 

incineration an ideal technology for complete destruction of organics.  

Controlled air incineration: The process is carried out under controlled air supply to 

achieve complete oxidation and temperature resulted is not very high (600 – 800 C)  

A method based on controlled incineration was developed for management of tritium 

contaminated lubricating oils and is in regular operation at BARC and NPCIL.   

Controlled incineration of scintillation liquids is been carried out at BARC.  

S.No. Compound Amount 

1. 1,4-Dioxane 500 ml 

2. Naphthalene 60 gms 

3. PPO 2 gms 

4. POPOP 20 mg 



A set up for controlled incineration was assembled in the fume hood. The waste was 

fed by gravity at flow rate of about 1litre/hr, flue gases generated were collected and 

analyzed by Dragon Test which is specific for dioxane. This test can detect dioxane 

only if its concentration is above 10 ppm.  To confirm the analysis of the flue gases 

EAD was approached for the estimation of 1,4-dioxane at lower levels. To meet this 

requirement a methodology has been developed for the estimation of 1,4-dioxane at 

ppb levels.   

Now that 1,4-dioxane has shown threat to human health and environment, it is 

important and necessary to know its levels (concentration) in different environmental 

compartments to evaluate the risks associated with it.  Though standard methods are 

available for measurement of 1,4 dioxane in air, improved method that offer increased 

sensitivity would be useful for determining lower levels of 1,4 dioxane.    Higher 

concentration can be estimated by direct analysis but estimation at lower levels (ppb) 

requires pre concentration prior to its analysis.  

 

The study has been taken up (1) to develop the methodology for the estimation of 1,4-

dioxane at ppb levels. The purpose of analytical method is to identify contaminated 

areas and to determine if contaminants levels constitute a concern for human health. 

(2) To check the incineration efficiency and release to the environment. 

 

This could be an alternative methodology for the determination of 1,4-dioxane in air, 

along with the present methods available.  

 

8. Methods of Detection and Analysis 
 

Sampling from air for 1,4 –dioxane via charcoal tube is described in NIOSH method 

1602 (NIOSH, 1994). An air flow rate of 0.01 to 0.2 l/min and sample size of 0.5 to 

15 l are recommended. For personal monitoring, diffusion charcoal badges have also 

been used. (Baker, 1982). 

The NIOSH method for analysis of 1,4-dioxane (NIOSH 1994) uses gas 

chromatography (GC) with a flame ionization detector (FID) after desorption from 

charcoal with CS2. Using 10 L air sample the method is applicable for concentration 

of 1,4 dioxane in the range 5 to 190 ppm (20 to 700 mg/m3).  Alternative methods 



using GC/MS (mass spectrometery) (Cooper et al, 1971) or Fourier-transform infrared 

spectrometery (FTIR) have been used for identification and quantitative analysis. 

(Baker, 1982; Ying & Levine, 1989). 

As a polar volatile organic compound, 1,4-dioxane has a low purge efficiency from 

water. 1,4-dioxane gives poor response with headspace sample introduction due to its 

low volatilility from water.  

Groves et al (1997) described the analysis of organic vapors in exhaled breath, which 

could provide information about occupational exposure to 1,4 dioxane. The adsorbent 

used in the pre-concentrator was a porous styrene-divinylbenzene resin. Limits of 

detection range from 3.7 to 10.2 ug/l (ppb). 

Several methods are available that may be used to determine, 1,4-dioxane in food, 

consumer cosmetics products and surfactant raw materials. The concentration of 1,4-

dioxane in food additives may be determined using 1,4-dioxane limit test (Committee 

on ood Chemicals Codex 1996). 1,4-dioxane is extracted from the sample placed in a 

closed system vacuum distillation apparatus. The distillate is then analyzed using 

GC/FID  

 

8.1 Cryogenic Pre Concentration: 
 

Stainless steel U-column (30 cm long and 3 mm o.d., 2mm i.d.,) coupled to a four 

way valve,  thermo-stated oven to heat the U- column, Chemito Gas chromatograph 

(8610 HT) equipped with FID and PC for recoding  the chromatogram and data. 

 

For pre-concentration a U column is connected between one port of V1 and another 

port of V2. The injection port and the inlet of the analytical column of Gas 

chromatograph are connected to two ports of V2. A block diagram for cryogenic pre-

concentration is given in fig. 2. By operating the two valves the following sequence is 

followed.  

 

 



 
 

Fig: 2   Block diagram for cryogenic pre-concentration system for 1,4-Dioxane 

measurement. 

 

 

 

Step 1:  The pressure in the equalizing canister is reduced to 360 mm Hg using a 

vacuum pump. Air from the bag is allowed to pass through the U column cooled with 

liquid nitrogen as the cryogen. The U column is only partially dipped so that only the 

analyte is condensed and the rest of the air including oxygen, and nitrogen pass 

through the U column (V1) into the equalizing canister. The trapping is allowed till 

the pressure in the equalizing canister rises about 80 mm Hg (partial pressure is 440 

mm Hg). The volume of the sample drawn is determined by the difference in the 

partial pressure of the equalizing canister before and after the sample transfer. 

Approximately, 100 ml of sample is drawn through the U column. The pressure of the 

sample in the U column is then reduced to about 360 mm Hg, so that any residual 

amounts of oxygen condensed are re-evaporated.  

 

Step 2: After the cryogenic concentration, the U column is isolated, heated with a hot 

air blower and the four-port valves are operated such that the sample is transferred 

into the analytical column of a gas chromatograph.  

 



8.2 Analysis: 
The analysis of 1,4-dioxane was carried out on Gas Chromatograph (model Chemito 

8610 HT) equipped with Flame ionization Detector (FID). Identification was based on 

retention time, whereas quantification was done based on area (under the peak) 

measurement. 

 

 

Analytical Parameters were: 

 

Column   OV 101 (3m x 3mm o.d.) 

Column Temp.  80°C.   

Injection Port Temp.  150°C 

Detector Temp.  200°C 

Detector   FID 

Carrier Gas   N2 

Carrier Gas Flow  28 ml/min 

   

For the analysis of blanks, nitrogen is filled into tedlar bags and the entire pre-

concentration procedure is followed for estimation of dioxane. The absence of any 

peak indicated that the entire sampling and analysis line is free from contamination. 

There is a slight change in the retention time when the sample is pre-concentrated in 

the U column and released into the GC compared to the direct injection of the 

compound into the injection port of the GC. Duplicate runs of samples gave results 

within 10% variation. The variation in the response of the detector was less than 5%.   

 

 

9. Results: 
Chromatogram of standard 1,4-dioxane is shown in fig 3. The cryogenic pre 

concentration method developed is found to be quick and reliable for the analysis of 

1,4 dioxane in air  at lower levels.  

Once the method has been standardized, linearity and reproducibility of the procedure 

is been checked. The linearity of the detector was checked by preparing standards in 

the concentrations range of 1.4 to 8.4 ppm (Fig. 4).  A good linearity has been 



observed in the above mentioned concentration range with the correlation coefficient 

(R2) of 0.995. The relative standard deviation (R.S.D.) for reproducibility was found 

to be within 5%. A detection limit of 0.43 ppm has been obtained by injecting the 

analyte directly into the injection port of the gas chromatograph. With the cryogenic 

pre-concentration step, a much lower detection limit of 0.4 ppb has been be achieved. 

Chromatogram of standard 1,4 dioxane is shown in Fig. 3. 

Air samples collected prior to and during the incineration of spent liquid scintillation 

waste were analyzed for 1,4-Dioxane.  The results are summarized in Table-3. All the 

values were well below the recommended value by ACGIH, which suggest the safe 

environment near the incineration, and reflect almost complete combustion. The 

cryogenic pre concentration method adopted for the analysis for 1,4-Dioxane is found 

to be quick and reliable.  

 

 
 

Fig.3 Chromatogram of 1,4 Dioxane in (A) Exhaust air samples and 

(B)Standard solution 
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  Fig.4:  Linearity Curve for 1,4-Dioxane 

 

 

Table 3: Concentration (ppm) of 1,4 -Dioxane in air samples 

 

Concentration Sr. No. Sample 
Range Mean 

TLV 

1 Background 0.004-0.026 0.015 

2 During Burning 0.33-1.38 0.65 

3 Near Exhaust 0.30-0.74 0.52 

 
25 ppm 

(ACGIH-2002) 
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