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EWG Science Analysis 

Dioxin’s Risks to Human Health and the Need for Expedited Action 

by Olga V. Naidenko, PhD, Senior Scientist 

Environmental Working Group (EWG) is a non-profit public health and environmental research and advocacy organization 
based in Washington, DC. We focus much of our research on human and environmental health risks from chemical 
contamination. 

The purpose of this document is to provide estimates of the implications of dioxin exposures for the general population, 
including breast-fed infants, children, and adults who ingest dioxin in a wide range of dioxin-contaminated foods; and to 
lay out the many reasons for the Environmental Protection Agency (EPA) to expedite the completion of its dioxin 
assessment begun 25 years ago and still unfinished. 

Dioxin (2,3,7,8-Tetrachlorodibenzo-p-dioxin, also known as 2,3,7,8-TCDD, or TCDD) may well be one of the most-studied 
chemical pollutants. An unprecedented range and depth of human and animal studies have systematically explored 
various aspects of dioxin toxicity. Indeed, as more research is done, scientists are finding dioxin to be more, not less, 
toxic than what was determined by earlier studies. 

As the Science Advisory Board (SAB) launches its fourth analysis of EPA’s dioxin assessment in the past quarter century, 
EWG urges the board to expedite its review process and help EPA finalize this important document that will serve as a 
cornerstone for the agency’s efforts to protect public health from chemical contaminants. 

EWG strongly supports the scientific rationale of the “Draft EPA's Reanalysis of Key Issues Related to Dioxin Toxicity.” 
We urge the SAB and the members of the Dioxin Review Panel to uphold the EPA’s risk assessment approach and to 
help speed the agency’s efforts to establish the safety standard for oral exposure to dioxin, as presented in the draft 
reanalysis. 

About dioxin. Chlorinated dioxins are a family of persistent, highly toxic compounds that form as byproducts of waste 
incineration (Shibamoto 2007) and various industrial processes, such as smelting, chlorine paper bleaching and pesticide 
manufacturing (Rappe 1990; Weber 2008). The most toxic and most extensively studied member of this family, 2,3,7,8-
Tetrachlorodibenzo-p-dioxin (TCDD) has been associated with a panoply of adverse health effect in people including 
cardiovascular disease; diabetes; cancer; endometriosis; early menopause; reduced testosterone and thyroid hormones; 
altered immune responses; and skin, tooth, and nail abnormalities (Birnbaum 2000; Schecter 2006; White 2009). 

Similar harmful effects, though of lesser magnitude, are associated with exposure to related compounds, including 
various polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs), which generally co-occur 
with TCDD (Lorber 2009). For these contaminants, the World Health Organization and health agencies in a number of 
countries apply Toxic Equivalency Factors that represent the relative potency of PCDDs and PCDFs relative to TCDD 
toxicity (Van den Berg 2006; WHO 2005). These toxicity-weighted concentrations are then summed to give a single, 
adjusted PCDD/PCDF concentration expressed as a Toxic Equivalent (TEQ) (U.S. EPA 2007). 

EWG strongly supports an expedited SAB review of this document so that EPA can meet its goal of finishing the project in 
2010. This timely completion is essential because: 

Infants and young children receive the highest dose of dioxins from food exposures, relative to their body 
weight, of any other segment of the population, in significant excess of the EPA’s estimated reference 
dose (RfD), safe daily dose, of 0.7 picograms per kilogram of body weight per day (pg/kg-day). 

At the current contamination levels of dioxins in food, the cancer risk is orders of magnitude above the 
EPA’s benchmark one-in-one-million risk level that provides a reasonable certainty of no harm. 
Americans are routinely exposed to dioxins from popular foods at levels close to EPA’s proposed 
reference dose. 

EPA’s proposed standards indicate a need for rapid action towards restricting dioxin exposures. 
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Details and rationale for our recommendations are listed below. 

1. Infants and young children receive the highest dose of dioxins from food exposures, relative to their body weight, of 
any other segment of the population, in significant excess of the EPA’s estimated reference dose (RfD), safe daily dose, 
of 0.7 pg/kg-day. 

Outside of known dioxin-contaminated industrial and military hazardous waste sites (Casanova 1987; Garabrant 2009) 
and industrial accidents (Pesatori 2003), the primary source of dioxin contamination in people is from food, starting with 
breast milk and formula for infants and continuing to dioxin exposure from meat, dairy products, fish and shellfish for 
children and adults (Schecter 2001; WHO 2010). Infants and children between 1 and 10 years of age have the highest 
relative dietary exposure, since children consume more food than adults in relation to their body weight (Charnley 2006; 
Gies 2007). 

Breast-fed infants in particular receive a high dose of dioxin during their first months of life, when breast milk is their only, 
or primary, food source (LaKind 2007). Adverse impacts of dioxins on children’s health are of great concern, because 
developmental and/or early-life dioxin exposure has been linked to neurological alterations, including effects on hearing, 
psychomotor function, cognition, and gender- specific behaviors; effects on the reproductive organs; and hormonal 
changes (Baccarelli 2008; Mocarelli 2008; Wormley 2004). 

Two recent, key human studies have clarified and expanded our understanding of the heightened susceptibility of the 
developing fetus and young children to dioxin: 

A study of 51 mother-child pairs in Seveso, Italy exposed to TCDD from an industrial explosion. In the 
study, infants born to mothers in the highly contaminated Seveso region 18 to 29 years after the 
explosion showed elevated blood levels of thyroid-stimulating hormone (TSH), an indicator of neonatal 
primary hypothyroidism. Higher maternal serum TCDD concentration correlated with elevated TSH levels 
in newborns, confirming the specificity of the association (Baccarelli 2008). The thyroid hormone tests 
were performed 72 hours after birth, indicating that effects observed by the scientists were due to fetal 
exposure to TCDD that had crossed the placenta. 

A study of 71 men exposed at a young age to TCDD from the Seveso explosion showed a reduction in 
various sperm parameters, such as sperm concentration and motility, and changes in the levels of two 
hormones, estradiol and follicle-stimulating hormones. These reproductive changes were particularly 
noticeable among a group of men exposed before the age of 10 (mean age of exposure 6.2 years), 
compared to control groups of men exposed after the age of 10 (mean age at exposure, 13.2 years) and 
men exposed as adults (mean age at exposure, 21.5 years) (Mocarelli 2008). The authors of the study 
suggested that TCDD exposure during sensitive developmental windows may “permanently alter the 
programming of the primordial germ cells” (Mocarelli 2008), with adverse reproductive health 
consequences for the rest of the person’s life. 

EWG scientists carefully reviewed the EPA’s method for estimating a reference dose (RfD) for the oral safety standard, 
considering both human and animal studies of TCDD toxicity. We support the agency’s methods. We agree with the 
EPA’s conclusion that the Baccarelli 2008 and Mocarelli 2008 studies have been conducted with the necessary level of 
scientific rigor to render them adequate and appropriate for the derivation of an RfD protective for non-cancer health 
effects. Both studies produced a comparable Point of Departure (POD, defined as the Lowest Observed Adverse Effect 
level (LOAEL) detected in these studies) for oral exposure from contaminated food at 0.02 nanograms of dioxin per 
kilogram of body weight per day (ng/kg/day). EPA then applied an uncertainty factor of 30-fold, which included a 10-fold 
factor for lack of a No Observed Adverse Effect Level (NOAEL) and a 3-fold factor for interindividual variability. The 
resultant RfD, calculated as POD/30, was determined to be 0.7 picograms (pg) per kg/day (pg/kg-day). 

EWG notes that this RfD based on human epidemiological studies is, in fact, in the middle of the candidate RfD array 
derived by EPA from a wide range of animal toxicity studies (Figure 4-4 in the Draft Reanalysis). An argument can be 
made that, in view of very high toxicity of TCDD, the most conservative and health-protective RfD should be adopted. The 
RfD recommended by the EPA is based on sound science, is consistent with the full range of available data and would 
constitute an important step forward for protecting public health and decreasing dioxin exposures from contaminated 
foods. Of note, our analysis of the amount of TCDD and related compounds (polychlorinated dibenzodioxins (PCDD) and 
polychlorinated dibenzofurans (PCDF)) that infants and children ingest daily indicates these vulnerable groups of kids 
would be significantly overexposed for the first several, critical years of their lives (Tables I and II). 
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Table I. Dioxin contamination in human breast milk – US data a 

Reference 

Dioxin toxic 
equivalent 

(TEQ) b levels 
in breast milk 

(on a lipid 
basis) 

Dioxin TEQ levels (whole- milk 
basis) and total TEQ exposure 

from breast milk for 6 months-old 
infant c

Dioxin TEQ dose 
for 6 month-old 
breast-fed infant 

d

Infant exposures 
relative to "safe" 

daily dose (RfD of 
0.7 pg/kg-day e) 

(Malisch 
2003), 
cited in 
(LaKind 
2007) 

7.18 ppt (pg/g) 
PCDD+PCDF 
TEQs (as 
reported) 

0.14-0.35 parts per trillion (ppt) 
PCDD+PCDF TEQs for 2-5% 
milk lipid contentf, corresponding 
to 109-273 pg dioxin TEQ from 
breast milk/day 

15-37 pg/kg- day 21-52 times higher 
than RfD 

(Schecter 
2001) not reported 

0.35 ppt PCDD+PCDF TEQ 
(3.7% milk lipid content), 
corresponding to 273 pg dioxin 
TEQ from breast milk/day 

37 pg/kg-day 52 times higher than 
RfD 

(Charnley 
2006) not reported 

Daily intake of 80-400 ppt 
PCDD+PCDF TEQs from breast 
milk/day 

11-54 pg/kg- day 15-77 times higher 
than RfD 

  

Source: EWG analysis of dioxin exposures considering breast milk tests and infant exposure factors from EPA and the 
peer-reviewed scientific literature. 

For comparison, similar range of PCDD/PCDF concentrations in breast milk was reported by several 
other studies conducted in North America (all numbers are on the lipid basis): 2.6 pg/g (ppt) for a 
selected group of 8 PCDD/F TEQs (did not include TCDD) (LaKind 2009); 12 ng/kg (ppt) PCDD/F and 
PCBs TEQs (Wang 2003), cited in (Charnley 2006); and 15 ppt (ng/kg) PCDD/PCDF TEQs, based on 
Canadian data for 1986-87 (Ryan 1993). 

Overall toxic equivalency (TEQ) for body burden of TCDD and related compounds, PCDDs and PCDFs 
as reported in the individual studies. For a PCDD/PCDF mixture, total TEQ is the sum of the product of 
the concentration of an individual dioxin- like compound and the corresponding TCDD TEF for that 
compound. TCDD commonly comprises ~10% of total dioxin TEQs in different matrices such as food, 
body burden, etc. (Lorber 2009; Van den Berg 1998). 

According to EPA's Exposure Factors Handbook (U.S. EPA 2009), mean breast milk intake for infants 1-6 
months of age is in the range of 673-896 ml/day. For this analysis, we used the volume of 780 ml/day 
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located in the middle of the range and typical for 3-6 months-old infants, as identified in other studies 
(LaKind 2000; Neville 1988). Human breast milk density is 1.03 g/ml (LaKind 2000). 

For infants from 3 to less than 6 months of age, EPA recommends assuming a mean body weight of 7.4 
kg (U.S. EPA 2009). 

Proposed in the EPA's 2010 Draft Reanalysis (U.S. EPA 2010). 

The total fat content of 24-hour human breast milk sample is typically in the range of 20-50 g/L. National 
Academy of Sciences (NAS). 1991. Nutrition during lactation. 

http://www.iom.edu/Reports/1991/Nutrition-During-Lactation.aspx

Table II. Estimates of dietary exposure to PCDD/F TEQs for U.S. children up to 10 years of age a 

Age 
Average 
intake, 

pg/kg-day 

Children's average exposures 
relative to "safe" daily dose 

(RfD of 0.7 pg/kg-day) 

High intake 
(95%), pg/kg-day 

b

Children's high exposures 
relative to "safe" daily dose 

(RfD of 0.7 pg/kg- day) 

2 years 
(Charnley 
2006) 

0.7-1.2 c 1-1.7 times higher than RfD 1.5-2.2 2.1-3.1 times higher than 
RfD 

2 years 
(FDA 
2006) 

0.78 1.1 times higher than RfD not reported   

6 years 
(Charnley 
2006) 

0.6-0.9 0.9-1.3 times higher than RfD 1.3-1.8 1.8-2.5 times higher than 
RfD 

6 years 
(FDA 
2006) 

0.62 0.9 of the RfD not reported   

10 years 
(FDA 
2006) 

0.44 0.6 of the RfD not reported   

http://www.iom.edu/Reports/1991/Nutrition-During-Lactation.aspx
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General 
US 
population 
(Charnley 
2006) 

0.2-0.4 0.3-0.6 of the RfD 0.8-1.2 1.1-1.7 times higher than 
RfD 

  

Source: EWG compilation of dioxin exposure estimates for the U.S. population from the FDA data and the peer-reviewed 
scientific literature. 

FDA Total Diet Study (TDS) did not include breast milk. Thus we could not estimate exposures for infants 
6-11 months of age, a group that ingests breast milk in addition to other foods. 

As reported by Charnley 2006 study. 

Charnley 2006 reported two estimates for each category of PCDD/F exposure, one estimate assuming 
that non-detect samples included the tested compound at 1/2 of the limit of detection, corresponding to 
the higher estimate listed; and a second estimate assuming that non-detect samples did not contain the 
analyte in question (assigned zero value), corresponding to the lower estimate listed. 

As demonstrated by the data in Table I, all breast-fed infants and children up to 2 years of age are currently ingesting 
amounts of PCDD/F TEQs significantly greater than the proposed RfD (U.S. EPA 2010). Higher dietary intakes persist for 
children 2-10 years of age and, in the highest exposure group (95% or top 5% of exposure), remain above RfD, as shown 
in Table II. These elevated exposures for children compared to adults are of serious concern, since younger humans or 
laboratory animals appear to be more sensitive to dioxin’s effects on hormones (Mocarelli 2008; Su 2010). The full range 
of health effects that would be triggered by the early, high-dose exposure to dioxin in infants is still incompletely 
understood. However, as new research on dioxin toxicity in humans is conducted, scientists are finding evidence of 
adverse changes at progressively lower doses of dioxin, as evidenced by the long-term follow up studies from the Seveso 
cohort (Alaluusua 2004; Baccarelli 2008; Mocarelli 2008). 

Children eliminate TCDD from their bodies faster than adults and have a shorter TCDD half-life, possibly due to 
differences in the relative contribution of toxicant clearance pathways (Kerger 2006). However, the rate of dioxin 
clearance from the body is inversely related to the proportion of adipose tissue in the body, the Body-Mass Index (BMI). 
In people of all ages, greater BMI is associated with longer residence times of TCDD and related compounds in the body 
(Collins 2007; Kerger 2006; Landi 1998). For example, the half-life of TCDD is longer in females compared to males, due 
to higher BMI (Landi 1998). Due to the rising numbers of overweight and obese American children and adolescents 
(Balistreri 2010), children’s cumulative exposure to TCDD and related contaminants would also increase, with negative 
effects on their reproductive and hormonal systems and general metabolism. 

Appropriate, balanced nutrition is important for human health from the moment of birth. Numerous studies have found 
that, despite the presence of industrial chemical contaminants in breast milk, breast- feeding remains an essential 
foundation for growth; resistance to infections; neurological development; and many other parameters of wellbeing 
(Massart 2008; Mead 2008). While scientific evidence indicates that the advantages of breast-feeding generally outweigh 
the health risks from contaminants, it is essential to work towards decreasing life-time exposures to these pollutants and 
thereby lessen infant ingestion of pollutants from breast milk (Gies 2007; WHO 2009). 

2. At the current contamination levels of dioxins in food, the cancer risk is orders of magnitude above the EPA’s 
benchmark one-in-one-million risk level that provides a reasonable certainty of no harm. Americans are routinely exposed 
to dioxins from popular foods at levels close to EPA’s proposed reference dose. 

Dioxin carcinogenicity to humans has been demonstrated by several large-scale occupational studies (Becher 1998; 
Cheng 2006; Ott 1996; Steenland 2001); cancer findings in the Seveso cohort (Pesatori 2009) and supporting animal 
data (La Merrill 2010; McGregor 1998; Steenland 2004). EWG agrees with EPA’s scientific rationale for characterizing 
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TCDD as “carcinogenic to humans.” We find this description to be well supported by the multiple lines of evidence 
outlined in the EPA draft. The definition “carcinogenic to humans” would apply equally to intense exposures for people 
contaminated in workplace settings or industrial explosions, as well as for lower exposures from contaminated food typical 
for general population, as determined by the U.S. National Toxicology Program and the International Agency for 
Research on Cancer (IARC 1997; NTP 2005). 

In the draft reanalysis, EPA determined an oral cancer slope factor of 1 x 106 per (mg/kg-day). After reviewing the EPA’s 
cancer risk assessment method, EWG agrees with the appropriateness of this slope factor and finds it consistent with 
carcinogenicity data from both human and animal studies. 

In its earlier assessment, EPA estimated that dioxin exposures for the general population would be above the risk level 
that assures a reasonable certainty of no harm (one-in-a-million risk level) (U.S. EPA 1994). Same findings have been 
made by government agencies in other countries (Gies 2007). As reported by a study published in 1990s, based on the 
cancer slope factors from EPA’s 1994 assessment, 7,800-78,000 excess cancers over a lifetime could be attributed to 
dioxin exposure from food (Schecter 1997). 

Studies of dioxin carcinogenicity published over the past decade only deepen concerns about dioxin’s toxicity and 
carcinogenicity. The table below presents some estimates for the excess number of cancer cases that would arise from 
the levels of dioxin exposure found in the general population. 

Table III. Excess cancer risk associated with ingestion of dioxins (PCDD/F) from food for the U.S. population. 

Exposed 
group 

Daily ingestion dose 
for PCDD/F TEQ, 

pg/kg bw-day 

Excess 
cancer risk, 
method 1 a

Number of 
cancer 

cases per 
million b

Excess 
cancer risk, 
method 2 c

Number of Americans 
developing cancer from 

dioxin exposure, per 
million people b

General 
population 
(FDA 2006) 

0.32 2.1x10-4 210 3.2x10-4 320 

General 
population, 
95% exposure 
(Charnley 
2006) 

0.8-1.2 d 4.1x10-4 to 
5.5x10-4 410-550 8x10-4 to 

12x10-4 800-1200 

At the draft 
RfD (EPA 
2010) 

0.7 3.7x10-4 370 7x10-4 700 

  

Source: EWG analysis of cancer risk considering typical daily dioxin intakes and exposure factors from EPA, FDA and the 
peer-reviewed scientific literature. 
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Excess cancer risk (ER) calculated according to the formula ER = [exp(AUC*6.04E-6)*0.112-
0.112]/0.888, as described in the EPA Draft Reanalysis Table 5-3. 

This number of excess cancer cases corresponds to lifetime (70 years) exposure to dioxins. 

Excess cancer risk (ER) according to the formula that utilizes Oral Slope Factor (OSF) of 1 x 106 per 
(mg/kg-day). OSF = 1E6*ER/daily ingestion dose (D), as described in the EPA Draft Reanalysis Table 5-
3. Based on this formula, we calculated ER=OSF*D/1E6 

Range of values for the PCDD/F TEQ ingestion described in footnote 2 in Table II above. 

The excess cancer risk due to dioxin exposure represents a significant public health concern. As demonstrated by the 
data in Table III, excess lifetime cancer risk ranges from 320 to 1,200 per million people exposed. People within the 
highest 5% of dietary exposure to dioxin would face 2-4 fold greater cancer risk compared to the general population with 
average exposures. Across the population, the estimated cancer risk is 2 to 3 orders of magnitude above one-in-a-million 
cancer risk that regulatory agencies associate with a virtually safe dose for carcinogens in food (Edler 2005; Gaylor 1997; 
Wardlaw 1985). These findings clearly point to the urgent need for restricting dioxin exposures and decreasing the human 
health burden from dioxin contamination in food (WHO 2010). 

EWG analysis of data from the peer-reviewed literature finds that a 130-pound adult eating a single hamburger or drinking 
two glasses of milk per day can be exposed to dioxin and dioxin-like compounds (PCDDs and PCDFs, excluding PCBs) 
at levels very close to EPA’s proposed reference dose. For example: 

One quarter-pound hamburger (90% lean ground beef) = 15% of the RfD for dioxin  

Two 8-ounce glasses of whole milk = 17% of the RfD  

One 4-ounce block of cheese = 39% of the RfD  

One cheeseburger (1 ounce of cheese) and an 8-ounce glass of whole milk = 33% of the RfD  

For this analysis, typical amounts of fat in the representative foods were identified from USDA and EPA reports as well as 
published literature (U.S. EPA 2003; USDA 2010a, b). Mean concentration of PCDD/PCDF TEQs in beef at 0.55 pg/gram 
lipid was reported in the 2007-2008 USDA survey of dioxins and furans in U.S. meat and poultry (Huwe 2009). Mean 
concentration of dioxins and furans in milk at 14.3 pg PCDD/F TEQs per liter was reported in the EPA’s national survey of 
persistent, bioaccumulative, and toxic (PBT) pollutants in the United States milk supply (Schaum 2003). 

According to EPA’s estimates of TCDD carcinogenicity, these routine, daily exposures correspond to a cancer risk 
between 0.5x10-4 and 2.7x10-4, up to 270 times greater than the one-in-a-million cancer risk considered acceptable for 
the general population. Thus, these common foods that contain PCDD/F at levels close to, but below, the RfD would be 
associated with an incremental cancer risk well above the levels expected to provide a reasonable certainty of no harm. 
3. EPA’s proposed standards indicate a need for rapid action towards restricting dioxin exposures. 

EWG commends EPA for preparing a thorough, rigorous, and scientifically justified risk assessment for TCDD and for 
developing an RfD and cancer slope factor based on the key studies published over the past five years. We also note that 
this year’s external peer review of EPA’s Draft Reanalysis is the fourth time that the Science Advisory Board has reviewed 
EPA’s dioxin assessment, with the first one in 1988, followed by reviews in 1995, 2001, and the current, 2010 review. 

Dioxins and related synthetic chemical pollutants accumulate in the bodies of people from daily ingestion of dioxin-
contaminated fatty foods, such as beef, pork, poultry and other meats; milk and dairy products; fish; and eggs (FDA 2006; 
Lorber 2009; Schecter 2001; USDA 2009). Based on the National Health and Nutrition Examination Survey (NHANES) 
2001-2002 data, EPA and USDA researchers determined that the blood levels of PCDD/F in the general population are in 
the range of 12.9-17.5 pg/g (on a lipid basis) and the background intake is ~ 0.5 pg TEQ/kg-day at the 50th percentile 
(Lorber 2009). Several research groups have reported that background human exposures from dioxins and other 
chemical pollutants in food have declined in the U.S. population over the past two decades (LaKind 2009; Patterson 
2008). These findings are encouraging; yet, dioxins remain as persistent, highly toxic pollutants that threaten the health of 
all Americans and especially the health of infants and children. 
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TCDD may well be one of the most-studied chemical pollutants with an unprecedented range and depth of human and 
animal studies that have systematically explored various aspects of dioxin toxicity. As more research is done, scientists 
are finding dioxin to be more, not less toxic than what was determined by earlier studies. Thus, EWG urges the SAB to 
expedite its review process and help EPA finalize this important document that will serve as a cornerstone for the 
Agency’s efforts to protect public health from chemical contaminants. 
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