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testing 
uncovered high levels or 
cancer-causing, 
hormone-disrupting 
flame retardants 
chemicals in a variety of 
household products 
made with black 
plastics….. Toxic flame 
retardant chemicals 
were found in 85% of 
analyzed products





85%



Brominated flame retardants (BFRs) and organophosphate flame retardants 
(OPFRs) are commonly used in electric and electronic products in high 
concentrations to prevent or retard fire. Health concerns related to flame 
retardants (FRs) include carcinogenicity, endocrine disruption, neurotoxicity, and 
reproductive and developmental toxicity. Globally, a lack of transparency related 
to chemicals in products and limited restrictions on use of FRs in electronics have 
led to widespread use and dissemination of harmful FRs. Despite the lack of 
transparency and restrictions, plastics from electronics are often recycled and 
can be incorporated in household items that do not require flame retardancy, 
resulting in potentially high and unnecessary exposure. This study sought to 
determine whether black plastic household products sold on the U.S. market 
contained emerging and phased-out FRs and whether polymer type was 
predictive of contamination. 

ABSTRACT



A total of 203 products were screened for bromine (Br), and 
products containing >50 ppm Br were analyzed for BFRs, 
OPFRs, and plastic polymers (e.g. acrylonitrile butadiene 
styrene, high impact polystyrene, polypropylene). FRs were 
found in 85% of analyzed products, with total FR 
concentrations ranging up to 22,800 mg/kg. 

ABSTRACT - CONTINUED

22,800 mg/kg = necklace
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"Screened" versus "analyzed" is a distinction without merit.  



A total of 203 products were analyzed screened for bromine 
(Br), and products containing >50 ppm Br were further
analyzed for BFRs, OPFRs, and plastic polymers (e.g. 
acrylonitrile butadiene styrene, high impact polystyrene, 
polypropylene). FRs were found in 8.4% 85% of analyzed 
products, with a maximum FR concentration of total FR 
concentrations ranging up to 22,800 mg/kg. 

ABSTRACT - CONTINUED

22,800 mg/kg = necklace



FRs detected include the restricted compound deca-BDE, which was used widely 
in electronics casings, as well as its replacements decabromodiphenyl ethane 
(DBDPE) and 2,4,6-Tris(2,4,6-tribromophenoxy)-1,3,5-triazine (TBPP-TAZ) along 
with associated compound 2,4,6-tribromophenol (2,4,6-TBP), recently detected in 
breast milk. Plastic typically used in electronics (styrene-based) contained 
significantly higher levels of ∑FRs than plastics less typically used for electronics 
(polypropylene and nylon). 

ABSTRACT - CONTINUED



Estimation of exposure to BDE-209 from contaminated kitchen utensils indicated 
users would have a median intake of 34,700 ng/day, exceeding estimates for 
intake from dust and diet. The detection of FRs in collected household products 
indicates that recycling, without the necessary transparency and restrictions to 
ensure safety, is resulting in unexpected exposure to toxic flame retardants in 
household items.

ABSTRACT - CONTINUED



Estimation of exposure to BDE-209 from contaminated kitchen utensils indicated 
most do not contain significant amounts of BDE-209. Users would have a median 
intake of less than 15 ng/day, far below estimates for intake from dust and diet. 
The low potential for exposure to FRs in collected household products indicates 
that recycling is not resulting in significant, unexpected exposure to toxic flame 
retardants in household items. When BDE-209 is present, it is present at levels 
that make significant exposures unlikely. 

ABSTRACT – REWORDED, CONTINUED



These results show that when toxic additives are used in plastic, they can 
significantly contaminate products made with recycled content, that do not even 
require flame retardancy. Products found in this study to contain hazardous flame 
retardants included items with high exposure potential, including food-contact 
items as well as toys. Regulatory bodies have begun to address the use of 
certain classes of flame retardants but more regulation is needed to end the use 
of hazardous additives and ensure that replacements are made with safer 
materials and chemicals. 

CONCLUSION



These results show that when toxic additives are used in plastic, they can 
significantly contaminate products made today with recycled content, that do not 
even when those products do not require flame retardancy. Products found in this 
study to contain hazardous flame retardants included items with high exposure 
potential, included food-contact items as well as toys. Regulatory bodies have 
begun to address the use of certain classes of flame retardants but more 
regulation is needed to end the use of hazardous additives and ensure that 
replacements are made with safer materials and chemicals. Most products did 
not contain significant levels and those that did are unlikely to result in a 
significant additional exposure. This study shows that current practice is 
responsibly keeping flame retardant chemicals out of applications where 
exposure is likely. 

CONCLUSION



• Measure concentration present in object
• Use correlation to estimate exposure
• Compare exposure to some “safe” level, 

such as EPA reference dose
• BDE-209, one of the earliest banned flame 

retardants, became a focus

CALCULATION OF EXPOSURE TO BROMINATED FLAME RETARDANTS

BDE-209
BDE-209 – decabromoether - commercialised in the 1970s. Now recognised
as a hazardous and persistent pollutant under 2017 Stockholm Convention on 
Persistent Organic Pollutants meaning that treaty members must eliminate its 
production and use. 



203 total items: 30 hair accessories, 28 food service, 36 toys, 109 kitchen items



XRF analysis
retain only top 20 highest Br levels



Compound-sensitive LC-
MS method used to 
analyze compositions and 
concentrations present in 
20 of the 203 items in the 
collected cohort, only 
those with highest Br 
levels measured by XRF.



BDE-209

reported median value of 
34.7g/day for kitchen items

concluded too close to 
42g/day EPA reference dose

but they got it wrong - twice



• Miscalculated the reference dose by 10X
- reported typical exposure as 42 g/day rather than the correct value, 

420 g/day
- last line of the abstract is “estimation of exposure to BDE-209 from 

contaminated kitchen utensils indicated users would have a median 
intake of 34,700 ng/day, exceeding estimates for intake from dust and 
diet.” was never true; now even more not true

• Authors stand by the paper’s conclusions

CORRIGENDUM 1



BDE-209

showing BDE-209 in ug/day

reported median value of 
34.7g/day

actual median 4.1 g/day

reference dose is 420 g/day

average is 16 g/day (24 
ignoring BDL



BDE-209

34.7g/day is actually the 
average of all 20 measured 
samples with BDLs entered as 
zero

showing BDE-209 in ug/day



WHAT WAS WRONG: ANALOGY USING SUGAR IN SODA

Screen for calories.
Keep top 20.

diet regular



average = 3.77 g/fl oz

85% would be >3.5 
g/fl oz

3.833.42 g/fl oz



It Gets Worse



concentration exposurecorrelation

correlation from Kuang et al. 

for immersion in hot oil for 15 minutes
conclude simple touching creates no exposure

CORRIGENDUM 2

Kuang J, Abdallah MA, Harrad S. Brominated flame retardants in black plastic kitchen utensils: Concentrations and human exposure implications. Science of The Total 
Environment. 2018 Jan 1;610:1138-46.  doi.org/10.1016/j.scitotenv.2017.08.173.

f(C) = E

E  C



showing BDE-209 in ug/day reference dose is 420 ug/day

author’s treatment more correct

average = 7.9 g/day (was 34.7) 0.17 g/day = 1.5/9
not used in hot oil

would be 4.5 excluding only peelers

average = 4.5 g/day ex. peelers



even more correct

reference dose is 420,000 ng/day

1.5 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0



It Gets Even Worse



In Corrigendum 2, state they 
only sampled handles.

The KitchenAid spatula shown in 
the paper has a nylon blade and 
ABS handle.

average exposure ~0

ABS

nylon



• Incorrectly converted concentration to exposure
- used an incorrect correlation to determine exposure

• correlation for leaching when submerged in hot oil used for all items 
- overstated exposure by at least a factor of 800X

• How did they mess up the math?
- collected 203 items and analyzed by XRD retaining only the 20 highest for 

their analysis
• “FRs were found in 85% of analyzed products” while analysis ignored 183 items

- incorrectly reported median value for kitchen items (only 9 of 20) when the 
value was average value for all 20 subjected to more thorough analysis

- second correction ignores all samples below the detection limit
• Authors stand by the paper’s conclusions

EGREGIOUS ERRORS



https://www.rdworldonline.com/pull-those-plastic-spatulas-out-of-the-trash/



• Retraction Watch responded that Chemosphere was such a discredited journal 
that didn’t warrant their efforts
- Chemosphere dropped by Web of Science

• Pointed me to Committee on Publication Ethics, Guidlelines: Retraction 
Guidelines (2019). www.councilscienceeditors.org/assets/docs/retraction-
guidelines.pdf
- mostly addresses ethical reasons
- retraction warranted if “clear evidence that the findings are unreliable, either as a result 

of major error (eg, miscalculation or experimental error), or as a result of fabrication 
(eg, of data) or falsification (eg, image manipulation) [emphasis mine]

GUIDELINES FOR RETRACTION



https://www.elsevier.com/en-gb/about/policies-and-standards/article-withdrawal



ELSEVIER GUIDELINES FOR RETRACTION

• They have clear evidence that the findings are unreliable, either as a result of 
major error (e.g., miscalculation or experimental error), or as a result of 
fabrication (e.g., of data) or falsification (e.g., image manipulation).

• It constitutes plagiarism.
• The findings have previously been published elsewhere and the authors have failed to provide proper attribution to 

previous sources or disclosure to the editor, permission to republish, or justification (i.e. redundant publication).
• It contains material or data that the authors were not authorised to publish.
• Copyright has been infringed or there is some other serious legal issue (e.g., libel, breach of privacy). 
• It reports unethical research and/or breaches Elsevier’s publishing ethics policies regarding the conduct of research 

involving human participants and/or animals.
• There is evidence of compromised peer-review or systematic manipulation of the editorial process.
• There is evidence or material concerns of authorship being sold.
• There is evidence of citation manipulation.
• The author(s) failed to disclose a major competing interest (a conflict of interest) that, in the view of the editor, would 

have materially affected interpretations of the work or recommendations by editors and/or peer reviewers.
• There is evidence of any other breach of the journal's publishing policies and the editor has therefore lost confidence in 

the validity or integrity of the article.







not indexed by Google or Bing





These results show that previously used additives used in plastic can 
contaminate products made today with recycled content, even when those 
products do not require flame retardancy. Products were found in this study to 
contain hazardous flame retardants, including food-contact items as well as toys. 
Most products did not contain significant levels and those that did are unlikely to 
result in a significant additional exposure. This study shows that that current 
practice is responsibly keeping flame retardant chemicals out of applications 
where exposure is likely. 

CONCLUSION - REWORDED





Papers with severe errors in method and math 
can get through peer review.

Science appears to be failing at self-
correction.

Retractions are hard to get even when 
math is in error. No one is rewarded.
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