Toxic Fire Retardants Continue to Threaten Human Health
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                         (We thank the Green Science Policy Institute for this graphic.)

WHAT ARE FIRE RETARDANTS AND WHAT IS THE PROBLEM?  

Fire retardants such as PBDEs (polybrominated diphenyl ethers) are chemicals added to furniture, electronics, foam insulation, and building materials so they will not easily burn. PBDEs are not chemically bound to the flame-retarded material, so they enter the environment from volatilization, leaching, or degradation of PBDE-containing products. They accumulate in house dust, exposing children, adults, and pets through inhalation or ingestion.  PBDEs, found in blood and breast milk, are now found in almost all people studied. 

Dust and particles from fire retardants used in the home collect on clothing, end up in our washing machines and then down the drain to sewage plants or septic systems where there is very little removal.  Because of health concerns some of the more dangerous PBDEs have been banned and are being replaced by chlorinated organophosphates like the Tris compound (1,3-dichloro-2-propylphosphate). Sadly however, new concerns are emerging.  The Silent Spring Institute study  “After the PBDE Phase-Out: A Broad Suite of Flame Retardants in Repeat House Dust Samples from California” describes the problem.

“In 75% of the homes we detected TDBPP, or brominated “Tris,” which was banned in children’s sleepwear because of carcinogenicity. To our knowledge, this is the first report on TDBPP in house dust. Concentrations of Firemaster 550 components (EH-TBB, BEH-TEBP, and TPHP) were higher in 2011 than 2006, consistent with its use as a PentaBDE replacement. Results highlight the evolving nature of FR exposures and suggest that manufacturers continue to use hazardous chemicals and replace chemicals of concern with chemicals with uncharacterized toxicity.”

WHAT ARE THE HEALTH CONCERNS ASSOCIATED WITH EXPOSURES? 

CDC reports: “Human health effects from PBDEs at low environmental doses or at biomonitored levels from low environmental exposures are unknown. In animal studies, PBDEs have low acute toxicity, but have demonstrated effects on thyroid function, neurodevelopment, hepatic enzyme induction and hepatic injury in subchronic or chronic dosing studies.   Some developmental and behavioral effects may be mediated by the aforementioned effect on the thyroid, by alteration in cholinergic function or by altered intracellular signaling within brain cells. The lesser brominated PBDEs have been reported to have fetotoxic and reproductive effects, to alter expression of estrogen-regulated genes and receptors, and to have anti-androgenic effects. PentaBDE is considered more toxic than decaBDE and the most sensitive effects of pentaBDE in animal studies are neurodevelopmental and reproductive.” (http://www.cdc.gov/biomonitoring/PBDEs_BiomonitoringSummary.html

EPA’s critical endpoint of concern for human health is neurobehavioral effects.  A study at the University of Southern Maine found that newborn mice exposed to the PBDE Deca had delays in brain development and reduced thyroid levels when young, and as adults suffered from long-term learning and behavior problems.  In another study “In utero exposure to a single low dose of 2,2′,4,4′,5-pentabromodiphenyl ether (PBDE-99) disrupted neurobehavioral development and caused permanent effects on the rat male reproductive system apparent in adulthood." (Environmental Health Perspectives 2005. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1277857/)

Scientists now link flame retardants to reduced human fertility. Epidemiologists from the University of California at Berkeley studied 223 pregnant women in California’s Salinas Valley, an agricultural community with predominantly low-income, Mexican immigrants. More than 97 percent of the women had PBDEs in their blood, and those with high levels were half as likely to conceive in any given month as the women with low levels. http://www.environmentalhealthnews.org/ehs/news/flame-retardants-and-human-fertility

HOW ARE WE EXPOSED TO FIRE RETARDANTS? 

Brominated fire retardants like PBDEs are not readily degraded by sewage plants so they accumulate in sewage sludge, and such sludges are used for growing food. “PBDEs have been found in sewage sludge in concentrations as high as 33mg/kg.”("Brominated Flame Retardants: Cause for Concern?", Birnbaum and Staskal, Environmental Health Perspectives, January 1, 2004).  Another Environmental Health Perspectives article “Diet contributes significantly to the body burden of PBDEs in the general US population”, concluded:  “Intake of contaminated poultry and red meat contributes significantly to PBDE body burdens in the United States.”

Chlorinated organophosphate flame retardants such as Tris are persistent and much more water soluble.  They have been shown to pass through sewage plants with little degradation and enter waters where effluent is released or reused.

Fire retardants also leach out of septic systems:  A Silent Spring Institute study found fire retardants  leaching from septic systems on Cape Cod.  Another study “Concentrations of hormones, pharmaceuticals and other micropollutants in groundwater affected by septic systems in New England and New York” found “High tris(2-butoxyethyl phosphate) plasticizer concentrations in wells beneath and downgradient of the leach beds (> 20 μg/L) may reflect the presence of this compound in cleaning agents at the extended health-care facility.” 

Increasingly household garbage is burned for energy, and when wastes containing PBDEs are incinerated, the incinerator ash, especially the bottom as can contain high levels of PBDEs as well as dioxins and furans.http://aaqr.org/VOL11_No5_October2011/14_AAQR-11-05-OA-0071_596-615.pdf.  Reuse and disposal of ash, especially bottom ash, is poorly regulated.

The chemicals accumulate in the fatty tissue of fish, mussels and other shellfish, all widely harvested for human consumption. NOAA tested sediment and shellfish tissue samples from the mid-2000s and a decade earlier. Scientists found the chemical in samples from both decades, with higher concentrations near cities and industrial areas. Mussels tested from sites in Washington state including Grays Harbor, Elliott Bay and Hood Canal all showed evidence of PBDEs. 

WHAT ARE THE IMPACTS ON THE ENVIRONMENT?    

EPA is concerned because “PBDE congeners are persistent, bioaccumulative, and toxic to both humans and the environment.  Various PBDEs have been studied for ecotoxicity in mammals, birds, fish, and invertebrates. In some cases, current levels of exposure for wildlife may be at or near adverse effect levels.”  This EPA website describes proposed actions:  http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/pbde.html

The study “Hepatic polybrominated diphenyl ether (PBDE) levels in Wisconsin river otters (Lontra canadensis) and Michigan bald eagles (Haliaeetus leucocephalus)” found that PBDE concentrations were "among the highest found in liver tissues of any wildlife,” the authors wrote, with one eagle measuring 1,538 parts per billion PBDEs in its liver. Americans have some of the highest levels of PBDEs in their bodies worldwide, with studies of U.S. breast milk finding median PBDE concentrations of about 30 ppb, though the types of PBDEs vary.

A 2014 study in Washington state tracked older fire retardants and the newer chlorinated organophosphate flame retardants from laundered clothing through sewage plants and into receiving waters.   (http://www.watoxics.org/research/homestowaters_factsheet.pdf) 
Regarding wildlife impacts they report: “Flame retardants have been detected in water and sediment of the Columbia River, including PBDEs as well as chlorinated organophosphates. PBDEs have been found in animals relying on the Columbia:  levels rose quickly in the early 2000s, to the point that levels in ospreys inhibited reproduction. In samples taken in 2009, nearly all fish (largescale suckers) tested positive for PBDEs. In addition, PBDEs have been detected in the bodies and stomach contents of juvenile salmon of the Columbia. Laboratory and field studies have linked exposure of fish to PBDEs to hormone disruption, inhibited spawning, and weakened immune response.”  

WHAT ACTIONS ARE BEING TAKEN?

The EPA and PBDE manufacturers worked out a voluntary phase-out of pentaBDE and octaBDE and their production in the United States ceased at the end of 2004. They may still be found in consumer products as they are very persistent.

In 2009 nine chemicals were approved for regulation under the POPs Treaty, also known as the Stockholm Convention. The nine chemicals are the only pollutants that have been added to the POPs treaty since a group of chemicals known as "the dirty dozen" were first banned in 2001. This list included two flame retardants, octaPDE and pentaPDE; which will be phased out with various exemptions. Environmental advocates warned that the exemptions will ensure that health concerns associated with the chemicals will continue for many generations.

One exemption was for recycling.  A recent study  “Serum levels of polybrominated diphenyl ethers (PBDEs) in foam recyclers and carpet installers working in the United States” found that individuals working in foam recycling facilities, and/or carpet installers who install carpet padding manufactured from recycled foam, possess significantly higher PBDE serum levels relative to that of the general U.S. population.

Federal legislation introduced in 2014 by Rep. Charles Schumer, the Children and Firefighter Protection Act, proposed banning the worst toxic fire retardants and studying others.  

(b) Prohibition- It shall be unlawful for any manufacturer, distributor, or retailer to sell, offer for sale, manufacture for sale, distribute in commerce, or import into the United States any children's product or upholstered furniture that contains a flame retardant specified in subsection (c) that exceeds 1000 parts per million total chemical content by weight for any part of the product or furniture.  

Firefighters support legislation to ban fire retardants because they suffer illnesses linked to exposures during fires. http://cen.acs.org/articles/93/web/2015/02/Novel-Fluorinated-Surfactants-Discovered-FirefightersBlood.html

California, Hawaii, Illinois, Maine, Maryland, Michigan, Minnesota, New York, Oregon, Rhode Island, and Washington have enacted bans on penta- and octaBDE in a product at levels in excess of 0.1%.   Maine and Washington have enacted bans on decaBDE.  Legislation has been introduced in other states and federally to ban other fire retardants. In 2015 a bill was been introduced in Washington state to ban Tris from children’s products and household furniture.

EPA has published many reports on fire retardants:  http://nepis.epa.gov/Adobe/PDF/P1000L3S.PDF   It also has studied alternative fire retardant chemicals:  http://www.epa.gov/dfe/pubs/projects/hbcd/hbcd-report-exec-summ.pdf

Alternatives to PBDEs are being substituted as PBDE mixtures are being phased out, but some alternatives such as TRIS (1,3-dichloro-2-propyl phosphate) are also linked to health impacts. “Near ubiquitous detection of PFR metabolites is of particular concern because the health impacts of PFR exposures remain largely unexplored in humans but in vitro and animal data suggest that they may be endocrine disruptors as well as carcinogenic.”

Some progress is being made.  California no longer requires flame retardants in building materials if nonchemical alternatives such as design changes will prevent fires.  Sixteen major buyers, including tech firms, retailers, and U.S. cities, have pledged to purchase furniture containing no chemical flame retardants.  Also in California, to enable people to keep their furniture instead sending it to landfills, businesses will replace people’s flame-retarded cushion foam with foam that does not contain flame retardants. The toxic foam is then properly disposed of.  For more information about this and other programs see http://greensciencepolicy.org/.  The Green Science Policy Institute has been a leader in studying the effects of fire retardant chemicals and in working to protect human health and the environment from them. 

OTHER SOURCES OF EXCELLENT INFORMATION

Silent Spring Institute.  http://www.silentspring.org/research-area/flame-retardants

Washington Toxics Coalition    www.watoxics.org 

Nationals Institutes of Health “Toxics Town” site:   http://toxtown.nlm.nih.gov/text_version/chemicals.php?id=79


Sierra Club information about fire retardants and other chemicals of emerging concern is available at:
https://content.sierraclub.org/grassrootsnetwork/documents/contaminants-emerging-concern-cec-factsheet
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