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Abstract 

1, 4 dioxane is a synthetic industrial solvent used mainly as a stabilizer in the manufacture of 

other chemicals and used also as a reagent in laboratories. The chemical is found as a trace 

contaminant of chemicals used in cosmetics, detergents, and shampoos. It is also an ingredient in 

paints, varnishes, stains, dyes, inks, and detergents. 1, 4 dioxane has been detected in various 

concentrations in groundwater, surface water, and drinking water. Inhalation is the most common 

route of human exposure, it is readily absorbed through the lungs, skin, and gastrointestinal tract. 

Exposure of animals to 1, 4 dioxane causes various type of cancers including mammary gland 

cancer. The International Agency for Research on Cancer (IARC), the U.S. Department of 

Health and Human Services (HHS), and the Environmental Protection Agency (EPA) have 

classified 1, 4 dioxane is a B2 probable human carcinogen. In 1996 the Agency for Toxic 

Substances and Disease Registry (ATSDR) concurred with the EPA in 1, 4 dioxane been a weak 

carcinogen and a strong cancer promoter. 1, 4 dioxane is also on California’s Proposition 65 list 

of chemicals suspected or known to the state to cause cancer or birth defects.  Despite knowledge 

of 1, 4 dioxane’s carcinogenic effects, the Federal Drug Administration (FDA) does not require 

to be listed as an ingredient on labels of consumer products since the chemical is a contaminant 

produced during manufacturing.   

The purpose of this study is to assess and evaluate the relationship between exposures to 1, 4 

dioxane found in consumer products and cancer. The researchers proposes a retrospective case-

control design to assess incidence of cancer for a period of time consisting of twenty two years 

of data.  
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Introduction 

1, 4 dioxane is a synthetic industrial solvent used as a stabilizer in chlorinated solvents 

(Alexeef, 1998). It is used in products such as dyes, paint strippers, greases, waxes, varnishes, 

and found as an impurity in antifreeze, deodorants, cosmetics, and shampoos (EPA, 2009). 1,4 

dioxane is produced as a byproduct when ingredients are ethoxylated with the petrochemical 

ethylene oxide (a known breast carcinogen) added to other chemicals which makes cleansing 

agents less abrasive and enhances foam and suds production  ((The Campaign for Safe 

Cosmetics, 2011). Sodium laurel sulfate for example, which is harsh to the skin is converted by 

ethoxylation to sodium laureth sulfate a less harsh chemical (EPA, 2009). Other 1, 4 dioxane 

common ingredients in consumer products include the clauses “xylol,” “oleth,” and “ceteareth” 

(DHHS, 2007 & The Campaign for Safe Cosmetics, 2011).  The process of ethoxylation does 

have alternatives such as vacuum-stripping which can remove 1, 4 dioxane, using less harsh 

ingredients to start with, or by avoiding the entire ethoxylation procedure (DHHS, 2007).  1, 4 

dioxane ends as a contaminant in the manufacturing of many cosmetics, cleansings, moisturizers, 

fragrances, liquid soap, shampoo, bubble bath, and personal care products (Steinemann, et al., 

2011).  

According to the EPA (2009) 1, 4 dioxane is an emerging contaminant defined as “a chemical or 

material that is characterized by a perceived, potential, or real threat to human health, the 

environment or a lack of published health standards”. Since 1, 4 dioxane is a contaminant 

produced during manufacturing, the U.S. Food and Drug Administration (FDA) does not require 

1, 4 dioxane to be listed on the product label as an ingredient (DHHS, 2007). The FDA have 

been conducted surveys since 1979 of raw and finished products of cosmetics for the presence of 
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the carcinogen 1, 4 dioxane. The carcinogen has been found in levels up to 1,410 parts per 

million (ppm) on raw materials and up to 279 ppm in cosmetics and other consumer finished 

products (Black, 2001).   In children products such as shampoo; levels of 1, 4 dioxane that 

exceeding 85 ppm warrants close monitoring of both raw materials and finished products by the 

manufacturer, regulatory agencies,  and policy makers. Ethoxylation is not allowed at all on 

organic products (DHHS, 2007 & The Campaign for Safe Cosmetics, 2011). Removal of 1, 4 

dioxane is encouraged to manufactures by the FDA, yet it is not required by law (DHHS, 2007). 

In California, stipulated under “Proposition 65” consumer products that contain toxic levels of 1, 

4 dioxane must have warning levels stating they may cause cancer. Failure for mislabeled 

consumer products per Proposition 65 are fined as high as $2,500 per day per violation (The 

Campaign for Safe Cosmetics, 2011).  

In the U.S. more than 500 products sold to consumers contain banned ingredients including 1, 4 

dioxane which is banned in Japan, Canada, and the European Union. In the U.S. 1, 4 dioxane is 

found as contaminant in about 22 percent of all personal care products including many children’s 

products (The Campaign for Safe Cosmetics, 2011). In the book by David Steinman titled “Safe 

Trip to Eden: Ten Steps to Save the Planet Earth from the Global Warming Meltdown”, the 

author lists an extensive number of consumer products tested by West Coast Analytical Service 

for trace chemical analysis. According to the book’s author concentrations of 1, 4 dioxane varied 

from 2.0 ppm to 23 ppm in multiple consumer products tested which exceed FDA maximum in 

both children and adult products. Children products tested included Disney Clean as Can Bee 

Hair and Body Wash, Gerber Grins & Giggle, Gentle & Mild Aloe Vera Baby Shampoo, Hello 

Kitty Babble Bath, Huggies Baby Wash Shea Butter, Johnson’s Head to Toe Baby Wash, 

Johnson’s Kids Tigger Bath Babbles, Scooby –Doo Mild Bubble Bath, Sesame Street Wet Wild 
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Watermelon Bubble Bath, and Rite-Aid Tearless Shampoo to name a few. Among adult 

consumer products a few listed are Clairol Herbal Essence Rain Forest Shampoo, Olay Complete 

Body Wash with Vitamins, and Suave Natural Passion Flower (DHHS, 2013 & The Campaign 

for Safe Cosmetics, 2011).  Residues of 1, 4 dioxane may be even present in manufactured food 

additives and on food treated with pesticides such as vine-ripened tomatoes. It also constitutes a 

by-product of plastic in the manufacture of polyethylene terephthalate and it is also used in 

pharmaceuticals as a purifying agent (EPA, 2009). 1, 4 dioxane affects also water supplies in the 

U.S. at a level of 1ug/L ranging from 2 parts per billion (ppb) to over 11,000 ppb as it was found 

in New Hampshire in 2010 at 67 sites. Half of those sites were waste landfills which had been 

closed for years. The problem of  1, 4 dioxane and the environment is due to its high solubility in 

water which allows it to readily bind to soils and leach to groundwater; the problem is even 

further compounded by its resistance to naturally occurring biodegradation (EPA, 2009).   

Several carcinogenic bioassays with 1, 4 dioxane in mice, guinea pigs, and rats have been 

conducted in which liver tumors have been observed following exposure in drinking water and 

cancer bioassays showed the presence of liver carcinomas and nasal tumors (EPA, 2013). In 

addition to nasal and tumors of the liver a significant statistically increase in mesotheliomas of 

the peritoneum was seen in male rats and mammary glands adenomas in female rats given 1, 4 

dioxane doses of 429mg/kg/day in drinking water for 2 years (EPA, 2013). The public health 

protective concentration for ingestion of drinking water for humans according to the DHS and 

U.S.EPA is 0.003mg/L or 3ppb (Alexeef, 1998). An established enforceable Maximum 

Contaminant Level (MCL) for 1, 4 dioxane was issued by U.S. EPA in 1997 of a very low 

cancer level in drinking water for 1, 4 dioxane to be 3ppb, yet state drinking water for various 
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states vary from 7ppb in North Carolina, 20 ppb in Connecticut, 30 ppb in Minnesota, 50 ppb in 

Massachusetts, and 70 ppb in Maine (HSDB, 1997).     

Causative Agent 

1, 4 Dioxane Chemical Structure  

          

This chemical is also known by the synonyms dioxane, dioxan, diethylene dioxide, p-dioxane, 

glycol ethylene ether, or diethylene ether (EPA, 2009). The main physical and chemical 

properties of 1, 4 dioxane are:   

Properties/Characteristics  Data 

CAS number 123-91-1 

Molecular Formula C4H8O2 

Molecular Weight 88.10 

Physical state at room temperature Liquid flammable with a faint and pleasant odor 

Reactivity When anhydrous tends to form explosive peroxides  

Water Solubility (mg/L at 25°C) Soluble in water  

Boiling Point 101.1°C at 760 mm Hg  

Melting Point  11.8 °C 

Specific Gravity  1.033 

Vapor Pressure  38.1 at 25°C (mm Hg) 

Flash Point 5-18 °C 

Conversion factor (20°C) 1ppm = 3.6 mg/m³; 1mg/ m³ = 0.28 ppm 

Table 1  

http://en.wikipedia.org/wiki/File:1-4-Dioxane.svg
http://en.wikipedia.org/wiki/File:1,4-Dioxane-3D-balls.png


EVALUATION OF THE RELATIONSHIP BETWEEN EXPOSURES T 8 

 

(1, 4 dioxane graphic chemical structure and Table 1 data reference: European Commission 

2004, and EPA 2009, EPA 2010, EPA 2012 respectively).  

In addition to physical and chemical characteristics depicted in the above table, 1, 4 dioxane is a 

colorless liquid exhibiting at room temperature a mild ether-like odor, stable when dry, that 

becomes unstable at elevated pressure and temperature, and that when exposed to heat or flame 

becomes a dangerous fire and explosion hazard (Alexeeff, 1998). Originally 1, 4 dioxane was 

used as a stabilizer for 1,1,1- trichloroethane a chlorinated solvent; a practice which is not 

currently used as often as it was during the past two decades (1985 to late 90’s). Currently, the 

main used of 1, 4 dioxane is in the manufacturing sector (EPA, 2013). Examples of the chemical 

used in solvent applications include those of dyes, lacquers, cellulose acetate, greases, mineral 

oil, fats, varnishes, resins, waxes, and paints. It is used as a dispersing and wetting agent in 

composition of stains, inks, printing, textile processing, cements, laboratory preparation of 

histological slides, and dye baths (EPA, 2013). 1, 4 dioxane, due to its widespread use, is a likely 

contaminant of many federal facilities and in the manufacturing industry (EPA, 2013). It is found 

as a contaminant in household products such as cosmetics, (Black, 2001), deodorants, detergents, 

bubble baths, liquid soaps (The Campaign for Safe Cosmetics, 2011), shampoos, (Huang et al., 

2012), hair relaxers, reagents used by manicurist (Quach et al., 2010) fumigants, and automotive 

coolant liquid (DPH, 2012).  1, 4 dioxane is a natural component in fresh shrimps, fried chicken, 

brewed coffee, and food crops treated with pesticides such as vine-ripped tomatoes, and tomato 

products (DPH, 2012).  The chemical may also be found as a residue in manufactured food 

products and pharmaceuticals (Alexeeff, 1998 and EPA, 2013). The environmental impact of 1, 

4 dioxane include: property to migrate fairly rapidly from soil to ground water when compared 

with other contaminants, short half-life in the atmosphere (6-10 hours) breaking down to 

aldehydes and ketones byproducts, resistance to microbial degradation, and no bio-concentration 
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in fish or the food chain (Alexeeff, 1998, EPA, 2010, DPH, 2012, and EPA 2013). The chemical 

have been in ground water at concentrations of 1 to 220,000 ppm, in surface water 1 to 290 ppm, 

and in drinking water 0.1 to 2,100 ppb (Alexeeff, 1998). According to the  Department of Health 

and Services, Public Health Service Agency for Toxic Substances and Disease Registry (2012) 

“1, 4 dioxane has been found in at least 31 of the 1,689 current or former National Priority List 

(NPL) identified by the Environmental Protection Agency as the most serious hazardous waste 

sites in the nation”. These NPL sites have not been recently evaluated and they are definitely 

sources of exposure to 1, 4 dioxane to humans (ATSDR, 2012).  

Routes of Exposure and Biological Mechanisms 

Exposure to 1, 4 dioxane can be through contaminated air, water, and skin contact through 

cosmetics and other household products including food (ATSDR, 2012). The most common 

route of exposure to humans is inhalation. The chemical is absorbed through the skin, lungs, and 

gastrointestinal tract (Alexeeff, 1998). In 1980 the level of 1, 4 dioxane in outdoor air in the U.S. 

was 0.4 micrograms per cubic meter (µg/m³) and indoor air was 4 µg/m³. Currently the levels of 

dioxane in the air and water is not known (ATSDR, 2012). The Maximum Contaminant Level 

(MCL) of the chemical in drinking water has not been established. In 1997 the EPA issued a 

Health Advisory (HA) for one day of 4,000 ppb of 1, 4 dioxane for a child and ten day HA for a 

child consisted of 400 ppb, and 10ˉ6 cancer risk level to be 3ppb. In drinking water the Agency 

for Toxic Substances and Disease Registry (2012) has established that levels of 4mg/L for ten 

days is “ not expected to cause any adverse effects in a child”. In some states, however; water 

guidelines for drinking water allow MCL of 1, 4 dioxane. As previously stated the MCL in 

Michigan is 2ppb, North Carolina 7ppb, Connecticut 20 ppb, Minnesota 30 ppb, Massachusetts 

50 ppb, and Maine 70 ppb (Alexeeff, 1998). According to the EPA (2010) water that may be less 
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likely to be contaminated with 1, 4 dioxane is bottled water which concentration levels if any can 

be consulted with the bottlers by the consumers.  

Skin absorption is low probably due to evaporation.  In experiments conducted with Rhesus 

monkeys an ethanol based lotion contaminated with 1, 4 dioxane was applied to the experimental 

animals; only 2.3 to 3.4% of the dioxane was excreted in the urine (European Commission, 

2004). In consumer products according to a survey conducted by the Campaign for Safety 

Cosmetics in 2011 the levels of 1,4 dioxane in baby and children products were found to be 1.5 – 

12 ppm and in adult products 2 – 23 ppm (ATSDR, 2012).  

When 1, 4 dioxane is inhaled by breathing contaminated air, the chemical enter the body rapidly 

through the lungs, when in contaminated water it is quickly absorbed in the digestive tract, and 

when through the skin in high levels, it is immediately in the circulating blood (ATSDR, 2012). 

The chemical distribution is uniform in lung, kidney, liver, colon, spleen and skeletal muscle. In 

experimental animals such as rats the highest percentage of covalent binding occurs in the spleen 

liver and colon. 1, 4 dioxane is excreted fairly rapidly in the urine as byproducts; 2-

hydroxyethoxyacetic acid (HEAA) and p-dioxane-2-one (Alexeeff, 1998 & Sweeney et. al., 

2008. According to the European Commission (2004) evaluation of occupational exposed 

individuals, those persons exposed to 1, 4 dioxane for 6 hours to 180mg/m³ in a chamber under 

dynamic air conditions, 99.3 percent of the administered dioxane was eliminated as the 

metabolite HEAA in the individual’s urine and there was a linear decreased in plasma 

concentration. Therefore, 1, 4 dioxane ant its metabolites can be measured in urine as well as 

blood (ATSDR, 2012).  
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 The quantity and length of the exposure to 1, 4 dioxane determines the effects on human health. 

Short term exposure of low levels cause eye and nose irritation, while high levels may cause 

severe liver and kidney damage and even death (EPA, 2012). In fatal industrial cases 

combination of dermal and inhalation poisoning neurotoxicity presentation was evident by 

drowsiness, headache, vertigo, and coma (EPA, 2013).   

Long term exposure studies performed in laboratory animals, mainly rats and mice, have shown 

for breathing the chemical vapors mainly nasal cavity, liver, and kidney damage (ATSDR, 

2012). Drinking contaminated water or dermal contact with liquid form of the chemical affects 

mainly the kidneys and liver (ATSDR, 2012). Rats exposed to vapors of 1, 4 dioxane most of 

their lives developed cancer inside the nose and the abdominal cavity in addition to benign 

tumors in the liver. Animals exposed to the chemical in drinking water for extended period 

developed liver cancer. Even though studies in exposed humans working with 1, 4 dioxane have 

not indicated whether the chemical causes cancer, it is classified as a Group B2, a probable 

human carcinogen (EPA IRIS 2005). The EPA has established that “1, 4 dioxane is likely to be 

carcinogenic to human”. In addition, the International Agency for Research on Cancer (IARRC) 

has determined that “1, 4 dioxane is possibly carcinogenic to humans, and the U.S. Department 

of Health and Human Services (HHS) “considers 1, 4 dioxane as reasonably anticipated to be a 

human carcinogen (ATSDR, 2012).”    

Levels of 1, 4 dioxane in air, food, and consumer products have been established by regulatory 

agencies. At the workplace, the Occupational Safety and Health Organization (OSHA) has 

established the level of 1, 4 dioxane to be set at the legal limit of 100 ppm over an 8 hour work 

day (EPA, 2012). The National Academy of Sciences (NAS) established the limit of the 

chemical in the food additive ingredient polysorbate to be 10 ppm, and the FDA have set up the 
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limit of certain products and dietary supplements (ATSDR, 2012). For the spermicide N-9 in the 

contraceptive sponge product the FDA considered the acceptable limit of 1, 4 dioxane to be 10 

ppm. The same limit of 10ppm was also set in approving polyglycerides and glycerides for use 

as excipients in some products such as dietary supplements (ATSDR, 2012).   

Identified Health Outcomes 

Via the oral route there are no data in regards to humans for 1, 4 dioxane (ATSDR, 2012). Low 

concentration by inhalation by a repeated exposure have systemic effects including fatalities with 

kidney and liver as the main affected organs. Inhalation exposure in high concentrations in 

laboratory animals have resulted in reproductive and developmental outcomes (EPA, 2009). 1, 4 

dioxane vapors can cause serious effects due to its lack of evident warning properties presenting 

apparent illness hours after acute exposure. In a study conducted by the EPA (2009) on 12 

volunteers exposed to 1, 4 dioxane at 300ppm in air for 15 minutes it produced irritation of the 

eyes, nose and throat. Autopsy of five workers in a dioxane plant whom died after acute 

inhalation exposure in 1991 recorded hemorrhagic nephritis and liver necrosis. Other workers 

with less exposure suffered from irritation to the eyes, respiratory system, nausea, and vomiting. 

Three epidemiologic studies conducted on dioxane workers found no subchronic and chronic 

effect in groups of workers consisting of 75 to 165 employees exposed from 3 to 41 years of 1, 4 

dioxane’s levels ranging from 0.05 to 51 ppm. The only complain was eczema from prolonged 

and repeated dermal exposure (EPA, 2009).  

Carcinogenicity bioassays for 1, 4 dioxane have been conducted in mice, rats, and guinea pigs in 

drinking water resulting in statistically significant dose-related elevated incidence of 

hepatocellular, bladder, and nasal cavity carcinoma (DPH, 2012, EPA, 2011, EPA, 2013, and 
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OEHHA, 2004).  2013). However, data for 1, 4 dioxane carcinogenicity and genotoxicity in 

humans is inadequate as are epidemiological studies conducted so far (EPA, 2013 and OEHHA, 

2004).  

Literature Review 

 

Methodology for Literature Review 

Literature utilized in this document was searched using databases via the Walden University 

library online. Search on articles by subject was conducted using MEDLINE with Full Txt and 

PubMed with poor or no results. Relevant articles were found using Health and Medical 

Complete and Science Direct Walden University library online databases and general internet 

search. Once articles were selected they were printed, reviewed, and possible information to be 

used highlighted manually. 

 

Tabular Format  

 

Appendix A is a table showing a review of literature relevant to exposure to 1, 4 dioxane in 

consumer products, water, and its possible relationship with various types of cancer. The table 

shows the author, reference health outcome, an analysis of the study and possible biases that may 

have occurred in the study, categorization of the study results, and pertinent information that may 

be considered significant. 
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Problem Significance 

1, 4 dioxane referred from here on as “dioxane” is a heterocyclic organic compound, colorless 

liquid, of sweet faint odor, classified as an ether (ATSDR, 2012). Dioxane is used as a synthetic 

industrial solvent used as a stabilizer in chlorinated solvents (Alexeef, 1998). It is used in 

products such as dyes, paint strippers, greases, waxes, varnishes, found as an impurity in 

antifreeze, and as a trace contaminant of chemicals used in cosmetics, detergents, shampoos, 

deodorants, and other consumer products including food products, groundwater, surface water, 

and drinking water (DHHS, 2007 & ATSDR, 2012). Inhalation is the most common route of 

human exposure, it is readily absorbed through the lungs, skin, and gastrointestinal tract 

(ATSDR, 2012). The International Agency for Research on Cancer (IARC), the U.S. Department 

of Health and Human Services (HHS), and the Environmental Protection Agency (EPA) have 

classified dioxane is a B2 probable human carcinogen (DHHS, 2011). In 1996 the Agency for 

Toxic Substances and Disease Registry (ATSDR) concurred with the EPA in dioxane been a 

weak carcinogen and a strong cancer promoter. Despite knowledge of dioxane’s carcinogenic 

effects, the Federal Drug Administration (FDA) does not require to be listed as an ingredient on 

labels of consumer products since the chemical is a contaminant produced during manufacturing 

(DHHS, 2007). Dioxane is included in the list of chemicals known or suspected to cause cancer 

or birth defects in the State of California Proposition 65 and also listed in the U.S Environmental 

Protection Agency as a suspected neurotoxicant, kidney toxicant, and respiratory toxicant (EPA, 

2010). Dioxane is found as contaminant in about 22 percent of all personal care products 

including many children’s products (1, 4 dioxane, 2013). Repeated exposure to many products 

containing dioxane on the daily basis adds up the mutagenic ingredients found in consumer 
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products, therefore; in a synergistic manner the carcinogenic effect affects pregnancy, infancy, 

puberty, and adulthood.   

Objective/Purpose of the Study 

The objective/purpose of this study is to assess and evaluate the relationship between exposures to 

dioxane found in consumer products and cancer. The results generated from this study can influence 

policy changes on consumer product labeling, influence a decision on the use of another alternative to 

ethoxylation such as vacuum-stripping which can remove dioxane, using less harsh ingredients, or 

completely avoid the use of ethoxylation in manufacturing of consumer products.  

Study Design 

The researcher proposes a retrospective case-control design to assess incidence of cancer for a period of 

time consisting of twenty two year of data ranging from 1990 to 2012. A retrospective case-control study 

would save time and expense relative to cohort studies with little loss of statistical precision 

(Checkoway, Pearce, & Kriebel, 2004). Even though findings from case-control studies may 

have been less accepted than results from cohort studies because the more exposure and 

understanding of cohort studies by the medical community and the general population, the case-

control design used in this study would lead to acceptable interpretation and acceptance of 

findings.  Information bias is of concern in this study design since information collected involves 

data collected before the disease occurred (Checkoway, Pearce, & Kriebel, 2004). Information 

on important cancer risk factors that may confound the results such as smoking and non-smoking 

will be collected from the participants as well as reproductive history which is also important in 

ovarian and breast hormone mediated cancers (Quach, et al., 2010). The study protocol will be 

reviewed and approval requested by the institutional review boards of Walden University, the 
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Cancer Prevention Institute of California Health, and the Human Services Agency Committee for 

the Protection of Human Subjects (Quach, et al., 2010).      

Participants 

In this retrospective case-control study the participants that will be chosen for the case (study) 

group will consist of a large cohort group of consumers of non-organic food products as well as 

daily users of cosmetics and other manufactured products such as deodorants, shampoos, hair 

dyes, moisturizers, and personal used products for the period between 1990 and 2012 in a 

selected geographic area. The control group will consist of a similar number of participants 

matched by age, gender, and geographic location who have continually used only or mainly 

organic products for food, cosmetics, hair dyes, or other consumer products for the same period 

of time as the case group. Probabilistic record linkage will be used linking cancer surveillance 

files to identify newly diagnosed invasive cancers among the participants to assess cancer rate 

ratios among the control participants compared to the case general population product consumer.  

Type of Data to be Collected  

The study population will include the general population using non- organic consumer products 

on the daily basis from which descriptive data will be collected consisting of full name, date of 

birth, gender, race/ethnicity, residential address, and partial social security number if possible.  

Categorical data will also be collected, consisting of yes and no answers by interview and 

prepared questionnaire, from the participant and any family member of the participant if 

information available. The same information will be collected from the control group of 

participants drafted from organic stores and registered organic product list of users available 

from organic stores such as Sprouts, Clarks, and other organic products’ use advocacy 
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organizations.  Cancer data will obtained from the cancer surveillance records of all cases of 

invasive cancer diagnosed from January 1, 1990 and December 31, 2012 from the California 

Cancer Registry.  

Data Collection Methods 

Participants will be chosen from Southern California San Gabriel Valley geographical area from 

the residents of Pasadena, Arcadia, Monrovia, West Covina, and City of Duarte where organic 

stores and organic products consumers and advocacy groups of organic foods and products are 

present as well as regular non-organic consumer products users in the general population. The 

California Cancer Registry a contributor to the National Cancer Institute Surveillance and 

Epidemiology End Results Program (SEER) maintains good quality of cancer data statewide 

with 98% completeness (Quach, et al., 2010) for the period studied from January 1, 1990 and 

December 31, 2012.  

Analysis 

All statistical analysis will be performed using the software package SPSS. Five age groups will 

be identified according to cancer risk for the time periods corresponding to 1990- 1996, 1997- 

2005, and 2006-2012 which will account for potential changes in rate over time. The age groups 

may look as follow: Group 1 age less than 20 years, Group 2 = 20- 29 years, Group 3 = 30- 39, 

Group 4 = 40- 49, and Group 5 = more than 50 years. Regression models will be used to 

compare the difference in cancer incidence between the control group and the general population 

case group, using the general population as the reference group (Quach, et al., 2010). 

Proportional incidence ratios will be calculated by using the observed: expected ratio.  Incident 

ratios will be calculated and percent confidence intervals will be at 95% (CI).  
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Results 

The results will indicate the number of newly diagnosed invasive cancer cases in each of the five 

age groups between the years 1990 to 2012, the racial/ ethnicity of the cases, and the rate ratios 

by cancer site in both the case and control group. Elevations in specific sites cancer (lung, 

thyroid, liver, bladder, breast, leukemia, brain) rate ratios will be evaluated comparing the 

control study group and the general population using dioxane consumer products on the daily 

basis by proportional incidence ratios. The findings in this study will show if an excess in cancer 

is found among the users of dioxane containing consumer products and the control group using 

only organic products containing no dioxane contamination during manufacturing.  

Budget 

Federal grants and funding from advocacy groups will comprise the budget for expenses 

allocated for working on the study for one year as follow: 

A. Salary- Income estimation of personnel  

Team leader  $50,000 

Researchers x 2  $80,000 

Data Analysts x 2 $60,000  

Study report editing  $10,000 

Sub-total   $200,000 

B. Travel    $10,000 

C. Supplies   $40,000 Include training materials, interviews, 

questionnaires, office supply, computer, paper, reference books, SPSS software, printing, 

data collection, and postage. 



EVALUATION OF THE RELATIONSHIP BETWEEN EXPOSURES T 19 

 

D. Other Costs:   $ 50,000   Include rental, maintenance, telephones, consents, 

HIPPA, and other IRB applications and incidentals. 

E. Grand Total    $ 300,000 

Timeline 

The timeline for this study is estimated to be at least two to three years. During the first year the 

participants will be selected and the data will be collected from both the case and control groups 

through interviews and questionnaires. During the second year the cancer surveillance data will 

be collected, assessed, analyzed, compared, and evaluated to complete the study and publish the 

results which make take an additional year or less.   

Social Change 

Dioxane, under the State of California’s Proposition 65 has been listed since 1988 as a chemical 

known to cause cancer or reproductive toxicity (The Campaign for Safe Cosmetics, 2011). The 

carcinogen has been banned in the European Union and other developed countries, but it is still 

used in consumer products in China and United States (Steinemann, et al., 2011). Dioxane is found 

in everyday use products used in households by children and adults such as soaps, detergents, 

shampoos, deodorants, dishwashing soaps, body lotions, bubble baths, cosmetic, and even 

pharmaceuticals. Exposure to dioxane can lead to health effects ranging from mild to severe. The 

National Institute for Occupational Safety and Health indicated that dioxane can cause symptoms 

including skin rash in some children and adults, vomiting, dizziness, eye irritation, abdominal 

pain, and unconsciousness (CDC, 2013). Potential exposure of dioxane in children has the 

strongest effects on growth and development as well as concerns on the cumulative effects of 

carcinogens exposure such as dioxane at low levels over time. The findings of this retrospective 
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case-control study on dioxane, a known carcinogen used during manufacturing of numerous 

consumer products, is aimed to cause a modification or alteration over the current situation on 

product labeling and/or influence an overdue ban of its use in California and eventually the U.S. 

Therefore, social change is the final destination of this study as lower to no exposure to dioxane, 

a controllable agent known to cause cancer, is achieved.  

Conclusion 

This retrospective case-control study on dioxane consisting of twenty two years of data will 

provide relevant results for a current assessment and evaluation of the relationship between exposures 

to the carcinogen 1, 4 dioxane found in consumer products and cancer. Results obtained from this study 

will contribute to the development of new polices or influence policy changes on consumer product 

labeling, use of another alternative to ethoxylation, or ban the use of ethoxylation in manufacturing of 

consumer products. This study provides a tremendous opportunity to influence social change when 

policies are modified and the number of environmental and occupational cancers are diminished in the 

population.   
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APPENDIX A 

Tabular Format  

 

Study 

# 

 

Author 

 

Reference 

 

Health Outcome 

 

Analysis  

 

Category  

 

Other pertinent 

information 

1 Alexeeff, G. 

(1998). 

1, 4 Dioxane 

Action Level. 

Scientific 

Affairs: Office 

of 

Environmental         

Health Hazard 

Assessment 

Memorandum. 

 

 

Calculation of health 

effects, cancer 

potency, and action 

level of 1, 4 dioxane.  

 

Protective 

concentration of 

3ppm is for 

ingestion of drinking 

water does not take 

into account dermal 

and inhalation 

exposure resulting 

from  typical 

household uses of 

water containing 1,4 

dioxane. 

Conclusive Public health 

protective 

concentration 

established at 3 ppm, 

value consistent with 

U.S. EPA not take into 

account  

2 Agency for 

Toxic 

Substance 

and Disease 

Registry 

(2012)  

 

Public Health 

Statement 1, 4-

Dioxane CAS # 

123-91-1 What 

is Dioxane? 

Division of 

Toxicology and 

Health Sciences.  

Harmful exposure to 

1,4 dioxane depends 

on many factors: 

dose, duration, and 

route as well as age, 

sex, diet, family 

traits, lifestyle, and 

state of health.    

Critical values of 1,4 

concentrations are 

based on animal 

studies, then 

adjusted to levels to 

protect humans.  

Inconclusive. 

The EPA, OSHA, 

and FDA provide 

valuable 

guidelines to 

protect public 

health, but cannot 

be enforced by 

law. 

 

3 Department 

of Health and 

Human 

Services, 

National 

Toxicology 

Program 

(2011). 

 

Report on 

Carcinogens: 1, 

4 Dioxane CAS 

123-91-1. 

Twelfth Edition 

Use, production, and 

exposure studies and 

data. Cancer studies 

in experimental 

animals and humans 

assist in the 

evaluation of the 

relationship between 

exposure and cancer.  

Data on cancer study 

in humans was 

limited. A small 

prospective study of 

165 U.S. workers 

with intermittent 

exposure to low 

level 1, 4 dioxane 

found no excess 

deaths from cancer. 

Inconclusive 

Human studies 

rare. Data 

available from 

very few 

epidemiological 

studies are 

inadequate to 

evaluate the 

relationship 

between 1, 4 

dioxane and 

cancer. 

1, 4 dioxane is not 

biodegradable, 

therefore, it adsorbs 

weakly to soil and 

sediment leaching 

readily to groundwater. 
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4 European 

Commission 

(2004). 

 

Employment 

Social Affairs 

and Inclusion: 

Recommendatio

ns from the 

Scientific 

Committee on 

Occupational 

Exposure Limits 

of 1, 4 Dioxane. 

1, 4 dioxane shown 

to be carcinogenic in 

several drinking 

water studies in rats, 

mice, and guinea 

pigs. The mechanism 

appears to be non-

genotoxic.   

 

 

 

Human case data 

presented consisted 

of a 21 year old 

alcoholic worker 

who had dipped his 

hands repeatedly in a 

tub containing liquid 

1, 4 dioxane and 

died of kidney 

failure with brain 

demyelination as 

well as five other 

cases with the same 

outcome. 

Conclusive Europe banned 1,4 

dioxane use in 

cosmetics and 

consumer products. 

5 Huang, G., 

Bu, H., Sun, 

S., Chen, A., 

and Zhou, Y. 

(2012).  

 

International 

Symposium on 

Safety Science 

and Engineering 

in China: Study 

on Exposure 

Assessment of 

Dioxane in 

Shampoo. 

SciVerse Science 

Direct. Elsevier 

Ltd. 

Establishment of 

skin exposure model 

by shampoo on the 

human body during 

washing hair. 

Exposure pathway 

via skin and the 

amount calculated by 

calculation model.  

Experimental 

design. 

Samples tested 

reported as more 

than 118 samples, no 

exact number of 

samples tested was 

given.  

Conclusive  

It was concluded 

that by 

comparison that 

the cancer risk 

level of dioxane 

in shampoo is in 

the acceptable 

range 

The acceptable cancer 

risk of dioxane in 

shampoo in Britain, 

Netherlands, Japan, 

and other countries is 

much less than 

maximum acceptable 

range in the U.S and 

China.  

6 Office of 

Environmenta

l Health 

Hazard 

Assessment 

(2004).  

 

State of 

California 

Environmental 

Protection 

Agency. 

Chemicals 

known to the 

state to cause 

cancer or 

reproductive 

toxicity. 

1, 4 dioxane is 

known to the state of 

California to cause 

cancer. 

Informative  Conclusive The Safe Drinking 

Water Act and Toxic 

Enforcement Act of 

1980 requires that the 

Governor revise and 

republish at least one a 

year the list of 

chemicals known to 

cause cancer or 

reproductive toxicity. 

7 Quach, T., 

Doan-Billing, 

O., Layefsky, 

M…et al., 

(2010).  

 

Cancer Incidence 

in Female 

Cosmetologists 

and Manicurists 

in California 

1988-2005. 

American 

Journal of 

Epidemiology 

doi: 

10.1093/aje/kwq

190. 

No cancer excess 

found in female 

licensed 

cosmetologists and 

manicurist in 

California for the 

study period 1988- 

2005. Proportional 

incidence ratios 

moderately elevated 

for thyroid cancer 

among all licensees.  

Retrospective cohort 

study. 

Limitations in 

demographic 

information and 

inability to account 

for race/ethnicity 

groups’ differences 

and 

smoking/nonsmokin

g confounding 

factors. 

Conclusive Further follow up 

needed due to changes 

on the age groups of 

licensees, and 

demographic shift in 

the industry 

composition. 
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8 Steinemann, 

A., 

MacGregor, 

I., Gordon, 

S., Gallager, 

L., Davis, 

A.,..et al 

(2011).. 

 

Fragranced 

consumer 

products: 

Chemicals 

emitted, 

ingredients 

unlisted. 

Environmental 

Impact 

assessment 

Review 328-333 

Volatile organic 

compounds found in 

both consumer 

products and “green” 

organic brands.  

Unable to determine 

if VOCs found were 

part of the fragrance 

mix, product base, or 

both due to lack of 

manufacturing 

listing of fragrance 

formulations. 

Conclusive.  

No risks 

associations were 

claimed by this 

study.  

Eleven out of 25 

fragrances tested were 

claimed by the 

respective 

manufactures to be 

organic, non-toxic, or 

natural in their labels. 

9 Sweeney, L., 

Thrall, K., 

Poet, T., 

Corley, R., 

Weber, T., 

Locey, B.,..et 

al (2008).  

 

Physiological     

based 

pharmokinetic 

modeling 1, 4 

dioxane in rats, 

mice, and 

humans. 

Toxicological 

Sciences 101(1) 

32-50. 

Use of the 

pharmokinetic 

models of 1, 4 

dioxane and its 

metabolite HEAA in 

mice will reduce the 

uncertainty in future 

1, 4 dioxane risk 

assessment in 

humans. 

Experimental 

design.  

Study based on rat 

nasal exposure study 

and drinking water 

and the relation of 

the cancer potency 

of 1,4 dioxane  

Inconclusive  

Only two human 

studies on 1, 4 

dioxane were 

identified. 

Modeling provides a 

more scientifically 

defensive basis for 

translating animal 

studies to human 

exposures than the 

default generic scaling 

used in the absence of 

chemical information. 

10 United States 

Environmenta

l Protection 

Agency 

(2010).  

 

1, 4 Dioxane: 

Health Hazard 

Assessment for 

Noncarcinogenic 

Effects and 

Carcinogenicity 

Assessment. 

Retrieved from 

hhtp://www.epa.

gov/NCEA/iris/s

ubst/0326.htm 

Carcinogenicity 

Assessment for 

lifetime exposure to 

1, 4 dioxane.  

Informative 

Principal and 

supportive studies 

on both animals and 

humans presented as 

well as supportive 

data for 

carcinogenicity  

Conclusive Summary of risk 

estimates for oral and 

inhalation exposure 

presented. 

11 United States 

Environmenta

l Protection 

Agency 

(2013). (CAS 

No. 123-91-

1).  

 

Office of 

Pollution 

Protection and 

Toxics Chemical 

Fact Sheet: 1, 4 

Dioxane Fact 

Sheet: Support 

Document 

Environmental fate 

as well as health 

effects of 1,4 

dioxane via oral, 

inhalation, and 

dermal exposure   

Experimental  

Epidemiological 

studies of human 

occupational  cases 

presented  

Conclusive In addition to 

pharmacokinetics, 

carcinogenicity, and 

genotoxicity this 

document provides 

information on 

neurotoxicity 
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APPENDIX B 

Annotated Bibliography 

Alexeeff, G. (1998). 1, 4 Dioxane Action Level. Scientific Affairs: Office of Environmental         

Health Hazard Assessment Memorandum. 

 This memorandum constitutes the earliest documentation on the Action Level for 1, 4 

dioxane found in the literature searched. In this memorandum the author Alexeeff, G. 

(1998) Deputy Director of Scientific Affairs answers to the question posed by the Office 

of Environmental Health Hazard Assessment on the public health protective 

concentration of the chemical. The author after conducting analysis on 1,4 dioxane’s 

health effects and calculation of cancer potency calculated then the action level. The 

author concurred with DHS and U.S. EPA on the public health protective concentration 

of dioxane to be 0.003mg/L or 3parts per million (ppm).  The information provided by 

Alexeeff, G. (1998) will be used as the level to evaluate the appropriateness of levels 

found in many cosmetics and other consumer products.   

Agency for Toxic Substance and Disease Registry (2012). Public Health Statement 1, 4-Dioxane 

CAS # 123-91-1 What is Dioxane? Division of Toxicology and Health Sciences. 

Retrieved from www.cdc.gov/  

The ATSDR provides in this article a summary chapter from the Toxicology Profile for 

1, 4 dioxane. The article provides information useful for evaluation and assessment of the 

relationship between exposures to 1, 4 dioxane in consumer products and cancer such as 

break down of the chemical when it enters the environment, how it can enter the human 

body, how it affects health of adults and children, how to reduce exposure, and what are 

the long and short term exposure effects. 

 

Department of Health and Human Services, National Toxicology Program (2011). Report on 

Carcinogens: 1, 4 Dioxane CAS 123-91-1. Twelfth Edition. 

The DHHS provides in the report results on cancer studies on experimental animals as 

well as reviews on human exposure, properties, use, production, and exposure routes of 

the chemical. The routes of exposure covered in this article, which include occupational 

exposure, are provided in detail which is useful information for this retrospective case-

control study. 

European Commission (2004). Employment Social Affairs and Inclusion: Recommendations 

from the Scientific Committee on Occupational Exposure Limits of 1, 4 Dioxane. 

 Since 1, 4 dioxane use is banned in Europe, the information provided of studies 

performed in various species of rats and mice on toxicokinetics, genotoxicity, 

carcinogenicity, and reproductive toxicity in this article adds to the health significance of 

control on the exposure limits of 1, 4 dioxane in the U.S. in consumer products.  
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Huang, G., Bu, H., Sun, S., Chen, A., and Zhou, Y. (2012). International Symposium on Safety 

Science and Engineering in China: Study on Exposure Assessment of Dioxane in 

Shampoo. SciVerse Science Direct. Elsevier Ltd.  

Huang et al. (2012) studied the exposure process of dioxane via skin route determined by 

analyzing dioxane in shampoo. The authors established a model of dioxane exposure via 

skin and the lifetime absorbance rate as well as the average daily absorbed dose. The 

cancer risk level of dioxane in shampoo was calculated to be 2.8914 X10ˉ7. It was 

concluded by comparison with cancer levels of dioxane in 118 shampoo samples tested 

by gas chromatography- mass spectrometry that the level of carcinogenic risk of dioxane 

in shampoo in the U.S. is in the acceptable range. The study reports a significant finding 

relevant in this study.   

Office of Environmental Health Hazard Assessment (2004). State of California Environmental 

Protection Agency. Chemicals known to the state to cause cancer or reproductive 

toxicity.  

 This article provides information on the Chemical Abstract Service (CAS) Registry 

Number for 1, 4 dioxane its possible cancer causing effects and concentration of the 

chemical in parts per million of many consumer products which will be used in this 

study. 

Quach, T., Doan-Billing, O., Layefsky, M…et al., (2010). Cancer Incidence in Female 

Cosmetologists and Manicurists in California 1988-2005. American Journal of 

Epidemiology doi: 10.1093/aje/kwq190. 

 Quach et a., (2010) in this study address the concern of cosmetologists and manicurist 

population exposure to cosmetic and hair products including dyes, relaxers, and removers 

which may contain toxic and potential carcinogens including formaldehyde, 1,4 dioxane, 

and benzoyl peroxide. Higher exposure among this workers population is the fact that 

many cosmetic products are unregulated, therefore, improper product ingredients labeling 

and safety information. This retrospective cohort study the authors used records linkage 

from 1988 to 2005 of 325,228 California licensed female cosmetologists and manicurists 

and cancer surveillance files to identify 9,044 newly diagnosed invasive cancers. Results 

from this study showed moderately elevated thyroid cancer among all licensees. Quach et 

al., (2010) study is one of the few epidemiological studies that was found to provide 

recent support on the relationship of 1,4 dioxane and cancer. 

Steinemann, A., MacGregor, I., Gordon, S., Gallager, L., Davis, A.,..et al (2011). Fragranced 

consumer products: Chemicals emitted, ingredients unlisted. Environmental Impact 

assessment Review 328-333. 

The authors in this study point out the pervasive nature of fragranced consumer products 

in society, lack of recent studies, the very limited knowledge on their composition, and 

the protection on the ingredient disclosure in the U.S. The authors investigated 25 

common fragranced consumer products ranging from personal care products and laundry, 

to air fresheners and cleaning supplies. Steinemann et al., (2011) used gas 

chromatography/mass spectrometry (GC/M S) headspace analysis to identify volatile 



EVALUATION OF THE RELATIONSHIP BETWEEN EXPOSURES T 29 

 

organic compounds (VOC) which included 1,4 dioxane. Results from the study included 

the identification of 133 VOC of which 24 are classified as toxic or hazardous under 

federal law. This is another study which emphasizes the importance of this proposed 

study. 

Sweeney, L., Thrall, K., Poet, T., Corley, R., Weber, T., Locey, B…et al (2008). Physiological     

based pharmokinetic modeling 1, 4 dioxane in rats, mice, and humans. Toxicological 

Sciences 101(1) 32-50. 

The authors in this article used three types of studies to elucidate two physiologically 

based pharmokinetic models of 1, 4 dioxane and its metabolite hydroxyethoxyacetic acid 

(HEAA) which included partition coefficient measurements, blood time course in mice, 

and human hepatocytes. Both models were used to estimate 1, 4 dioxane cancer potency 

based on occurrence of liver tumors. The models described by Sweeney et al (2008) 

study are useful in the assessment of human health risks posed by 1, 4 dioxane.    

United States Environmental Protection Agency (2010). 1, 4 Dioxane: Health Hazard 

Assessment for Noncarcinogenic Effects and Carcinogenicity Assessment. Retrieved 

from hhtp://www.epa.gov/NCEA/iris/subst/0326.htm 

The EPA provides in this article the definition of reference dose (RfD) for chronic oral 

exposure, reference concentration (RfC) for chronic inhalation exposure, and 

carcinogenicity assessment for lifetime exposure of 1, 4 dioxane. The article also 

provides explanation of 1, 4 dioxane being characterized as “likely to be carcinogenic to 

humans” due to inadequate evidence of carcinogenicity in humans and sufficient 

evidence in animals and results of the studies conducted. 

United States Environmental Protection Agency (2013). Office of Pollution Protection and 

Toxics Chemical Fact Sheet: 1, 4 Dioxane Fact Sheet: Support Document (CAS No. 123-

91-1).  

 This fact sheet in addition to the chemical and physical properties of 1, 4 dioxane provide 

information essential for this study which includes the environmental fate, acute, 

subchronic, and chronic health effects, carcinogenicity, genotoxicity, developmental/ 

reproductive toxicity, neurotoxicity, and toxicity to aquatic and terrestrial organisms of 

the 1,4 dioxane.  

 

 

 

 

 

 


