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BEFORE THE NATIONAL GREEN TRIBUNAL,

PRINCIPAL BENCH AT NEW DELHI

O.A. No. 717 of 2024

IN THE MATTER OF:
News Item titled "People Are Breathing In Cancer-Causing

Chemicals in their cars study find" appearing in NDTV.com dated

\

08.05.2024

UNION OF INDIA & ORS.

Versus

....... SUO-MOTO

... RESPONDENTS

REPLY ON BEHALF OF RESPONDENT No.3 - INDIAN COUN­

CIL OF MEDICAL RESEARCH (ICMR) TO THE SUO-MOTO

ORIGINAL APPLICATION UNDER THE NATIONAL GREEN

TRIBUNAL ACT, 2010:

Most Respectfully Showeth:

I, Dr. R. Lakshminarayanan, s/o Mr. Rajarathnam, aged about 59 years,

presently working as Deputy Director General (Admn.), Indian Council

of Medical Research (ICMR), V. Ramalingaswami Bhawan, Ansari Na­

gar, New Delhi-I 10029, do hereby solemnly affirm and state as under:

1. That I am presently working as Deputy Director General (Admn.),

Indian Council of Medical Research (ICMR), and authorized to

file this Reply Affidavit on behalf ofRespondent No.3.

2. That save as expressly admitted herein and save what are matters

of record, each and every contention made in the present Original

Application shall be deemed to have been emphatically and specif-

@ ~"'\ ically denied and disputed. 0 0,

il~ ALAKA NAYAK J.'1 .* Reg. N~~~~~~ ipat liberty is further craved in making such other and further

t Area : Deihl .1b·· n/fili Add" I Affid . be reoui d i h" JiGel2B;0612024 o:;flf mlSSIO uing itiona 1 avits as may e require III t e
~O to 27/06/2029~ '/ 0
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).
facts of the case subsequently or as may be directed by this

Hon'ble Tribunal.

4. That the answering Respondent - Indian Council of Medical

Research (lCMR), New Delhi, the apex body in India for the

formulation, coordination and promotion of biomedical research,

is one of the oldest medical research bodies in the world.

,
!,

~~~);~., ........
., .........~~

That this Hon'ble Tribunal has taken cognisance of the present

matter, keeping in view the News item titled "People Are Breath­

ing in Cancer-Causing Chemicals in their cars study find" ap­

pearing in NDTV.com dated 08.05.2024.

A copy of the News item titled "People Are Breathing In Cancer­

Causing Chemicals in their cars study find" appearing in

NDTV.com dated 08.05.2024, is annexed herewith as Annexure

R-l.

6. That this Hon'ble Tribunal vide order dated 02.07.2024, has been

pleased to implead the answering Respondent in the instant

Original Application on the issue involved in the present matter,

which has been highlighted in para 2, 3 and 4 of the said order

issued by this Hon'ble Tribunal, and the same is reproduced herein

below: ---~

o i ~f"? The matter relates to a research study published in Envu:~n-~. '

~ ALA ~ehtal Science & Technology that asserts the presence ofcancer '"
M~K~ •

* Reg N
Advocale C usil'W chemicals in the car. As per the article, researchers'ana-:

. . 0.; 10639 <:> '. .

G' per:~~~/~~;~~2i IJ'he cabin air of 10i electric, gas and hybrid ca~s with «
O to 21106/2029 '\X ~~".' '. .

I.. Q.-al! year between 20i5 and 2022. It was found that.,gp%ofcars. ",'

~. .)~'o{;tained afl~me retardant called TClPP, which is u~·der:.inves~i-: ':i:'~'
gation by the US National Toxicology Program as a potential car-

, .
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.3
cinogen. Most cars also had two more flame retardants, TDCIPP

and TCEP, which are considered carcinogenic.

3..The news item highlights that these flame retardants are linked

to neurological and reproductive harms as well. It states that since

an average driver spends about an hour in the car every day, this

is a significant public health issue. This is particularly concerning

for drivers with longer commutes as well as child passengers, who

breathe more air poundfor pound than adults.

4. The news item further alleges that the study found that the levels

of toxic flame retardants were highest in the summer as heat in­

creases the release of chemicals from the car materials. The re­

searchers said that the source ofthe cancer-causing compounds in

the cabin air is seat foam. Car manufacturers add the chemicals to

seat foam and other materials to meet an "outdated" flammability

standard with no proven fire-safety benefit. It further alleges that

flame retardants contribute to their very high cancer rates. Filling

products with these harmful chemicals does little to prevent fires

for most uses and instead makes the blazes smokier and more toxic

for victims. "

7. That it is submitted that according to the research studies, includ-

ing scattered reports on the probable carcinogenicity of

&.
' A--tb..~ mentioned compounds viz tris (l-chloro-2-propyl) phosphate

o )and Tris (l,3-dichloro-2-propyl) phosphate (TDCIPP) in

~ ALA~ N~Y ans TDCIP was added to the California Proposition 65 (Prop

1,* Re~~:; 1:-~?t~J~2 tst'n 2011 and has been banned in certain products. This list-
Period 281061202 ~ I .

\~ (0 2110612i~Q~S resulted in a substitution of TCIPP in place of'

-!?!,,.. ~~PP. That the Evidence is limited to enlist both of them. as ...'

. Cta"rcinogenic for humans in any of the group enlisted by the Inter-

national Agency for Research on Cancer (IARC).

"..'.
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4
That Tris(2-chloroethy) phosphate-TCEP is enlisted in Group 3

which is not classifiable as carcinogenic to humans (agents classi­

fied by the IARC monographs, volumes 1-136).However, if safer,
alternatives are available, they should be promoted.

That a copy of relevant pages of research paper titled "EVIDENCE

ON THE CARCINOGENICITY OF TRIS(1,3-DICHLORO-2­

PROPYL) PHOSPHATE", published by Reproductive and Cancer

Hazard Assessment Branch Office of Environmental Health Ha­

zard Assessment California Environmental Protection Agency, is

annexed herewith as ANNEXURE R-1.

That a copy of the research paper titled "Flame Retardant Expo­

sure in Vehicles Is Influenced by Use in Seat Foam and Tempera­

ture", published in journal "Environmental Science & Technolo­

gy" is annexed herewith as ANNEXURE R-l

That a copy of the list of agents classified by IARC Monographs as

carcinogenic to humans, is annexed herewith as ANNEXURE R-

9.

8. RE: PRAYER:

That the present reply and the submissions contained herein may

please be considered and taken on record.

".., 'f- :

j
tt. <lll1:. ,,,,1l91(jq'19 I Dr. R.lAKSHMlNARAYANAN
.. ....- (....) IDopuly~Geno""(Ad"",.)

'Imll<r~~~
. Indian Councfl of Medical Resoarch
- "'Jll'IR~ (- '!'f qftom ....uor >fll1oI>I)
Departmont~ HealthResearch(Min. of Health a IWV) '.

, 'I'mf ll'Wr{ I Government of ItIdla .

- om. 'If ~l1OO2llf""""_.N..DoIh"'OO2ll

, ..
.....~, ..; .. '.

. . '"

". '.'
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'\\)~~ J.~ ~0~ ~ve.
\\ oJ' ;! ,,'IT ~e~O ~ec:>e

~~~~ ~'l~ VERIFICA TION:
~~~~ 6.\<:'

\\~0 ~. R. Lakshminarayanan, slo Mr. Rajarathnam, aged about 59 years,
z,C:>

\\ presently working as Deputy Director General (Admn.), Indian Council

of Medical Research (ICMR), V. Ramalingaswami Bhawan, Ansari Na­

gar, New Delhi-ll0029, do hereby solemnly affirm and declare, that the

above reply has been drafted by our counsel as per instructions and the

contents of the reply are true and correct as per official record and the

best of my knowledge and belief. No part of it is false and nothing ma­

terial has been concealed there from.

Verified at New Delhi, on '1&.
""\-1""""c/
DEP NENT

~. illTl:. mte"S!liThd~d'tLAKSHMINARAYANAN
~ iN ~\ror.) f Deputy DIrector General (Admn.)

It 'lro\tq~~ qfm'

Thr h
(.l.....n"'.\oJ""' Indian Council of Medical Research

oug 0 -~fll'lI'l(_'l'l-': ....... _)

Mis. SIKIU":r·~t)l\l',p;ln~~~"~f~~I:"lh& FW)

ADVOCATES FOR RESPOl'1\lD-!£J"l'T-"Ne'~'3N.gar.N"'Dclh"'om

229, LAWYERS CHAMBERS,

, n sEP 'LUZ/I, DELHI HIGH COURT
U NEW DELHI 110003

Place: New Delhi MOBILE No. 9671444468, 9311331805
Dated: 1(}"'o9~2-y EMAIL: SIKRICO@SIKRILAW.COM
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Item No. 07

BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI

Original Application No. 717/2024

News Item titled "People Are Breathing In Cancer-Causing Chemicals in
their cars study find" appearing in NDTV.com dated 08.05.2024

Date of hearing: 02.07.2024

CORAM: HON'BLE MR. JUSTICE PRAKASH SHRIVASTAVA, CHAIRPERSON
HON'BLE MR. JUSTICE ARUN KUMAR TYAGI, JUDICIAL MEMBER
HON'BLE DR. A. SENTHIL VEL, EXPERT MEMBER

ORDER

1. This original application is registered suo-motu on the basis of the

news item titled "People Are Breathing In Cancer-Causing Chemicals in

their cars study find" appearing in NDTV.com dated 08.05.2024.

2. The matter relates to a research study published in Environmental

Science & Technology that asserts the presence of cancer causing

chemicals in the car. As per the article, researchers analysed the cabin

air of 101 electric, gas and hybrid cars with a model year between 2015

and 2022. It was found that 99% of cars contained a flame retardant

called TCIPP, which is under investigation by the US National Toxicology

Program as a potential carcinogen. Most cars also had two more flame

retardants, TDCIPP and TCEP, which are considered carcinogenic.

3. The news item highlights that these flame retardants are linked to

neurological and reproductive harms as well. It states that since

an average driver spends about an hour in the car every day, this is a

significant public health issue. This is particularly concerning for drivers

1
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with longer commutes as well as child passengers, who breathe more air

pound for pound than adults.

4. The news item further alleges that the study found that the levels

of toxic flame retardants were highest in the summer as heat increases

the release of chemicals from the car materials. The researchers sald that

the source of the cancer-causing compounds in the cabin air is seat

foam. Car manufacturers add the chemicals to seat foam and other

materials to meet an "outdated" flammability standard with no proven

fire-safety benefit. It further alleges that flame retardants contribute to

their very high cancer rates. Filling products with these harmful

chemicals does little to prevent fires for most uses and instead makes the

blazes smokier and more toxic for victims.

5. The above matter indicates violation of the Air (Prevention and

Control of Pollution) Act, 1981 and the Environment Protection Act, 1986.

6. The news item raises substantial issue relating to compliance of the

environmental norms and implementation of the provisions of scheduled

enactment.

7. Power of the Tribunal to take up the matter suo-motu has been

recognized by the Hon'ble Supreme Court in the matter of "Municipal

Corporation of Greater Mumbai us. Ankita Sinha & Ors." reported in 2021

SCC Online SC 897.

8. Hence, we implead the following as respondents in the matter:

i. Central Pollution Control Board, Through its Member Secretary

Parivesh Bhawan, East Arjun Nagar, Delhi-l 10032.

2
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ii. Ministry of Environment Forest and Climate Change, Through

its Secretary Indira Paryavaran Bhawan Jorbagh Road, New

Delhi - II 0 003 INDIA.

iii. Indian Council of Medical Research, Through its Secretary

V Ramalingaswami Bhawan, PO Box No. 4911, Ansari Nagar,

New Delhi-II0029.

iv. Ministry of Heavy Industries through its Secretary Udyog

Bhawan, Rafi Marg, New Delhi- 110011

9. Let notice be issued to the above respondents for filing their

response at least one week before the next date of hearing.

10. List on 12.09.2024.

Prakash Shrivastava, CP

Arun Kumar Tyagi, JM

Dr. A. Senthil Vel, EM
July 02, 2024
O.A No. 717/2024
HB
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EVIDENCE ON THE CARCINOGENICITY OF

TRIS(1,3-DICHLORO-2-PROPYL)
PHOSPHATE

July 2011

Reproductive and Cancer Hazard Assessment Branch
Office of Environmental Health Hazard Assessment

California Environmental Protection Agency
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resins, plastics, textile coatings, and rubber for use in the U.S. and Europe (IPCS, 1998;
NRC, 2000). As a flame retardant, rocpp is an additive, meaning it is not chemically
reacted but physically combined with the material being treated.

Most .of TOCPP's current use can be attributed to flexible polyurethane foams for
upholstered furniture and automotive products such as seat cushions and headrests
(European Commission, 2009). rocpp was commonly used in children's sleepwear in
the 1970s until manufacturers voluntarily withdrew it in 1977 due to concerns regarding
its mutagenicity (CPSC, 1977; IPCS, 1998). More recently, in order to meet California's
upholstered furniture flammability standard, Technical Bulletin 117 (California Bureau of
Home Furnishings and Thermal Insulation, 2000), TOCPP has been used as a
replacement for the flame retardant pentabromodiphenyl ether (pentaBOE), which was
banned in 2006 (California Health and Safety Code, Section 108922). A 2011 study
identified TOCPP in more than a third of the 101 baby products analyzed (e.g., car
seats, changing table pads) (Stapleton et al., 2011).

The use of TOCPP as an additive flame retardant suggests it may be released from the
treated product throughout the product life cycle into the indoor environment (e.g., in
dust), leading to human exposure (Marklund et al., 2003; U.S. EPA, 2005; Stapleton et
al., 2009): Indeed, TOCPP has been detected in household dust in the U.S. and abroad
(Stapleton et a/., 2009, Takigami et al., 2009; Marklund et al., 2003; Meeker and
Stapleton, 2010),

In a study of 50 homes in Boston, Massachusetts, concentrations of rocpp in dust
were comparable to, and in some cases higher than, concentrations of polybrominated
diphenyl ethers, with a geometric mean of 1.89 micrograms per gram (lJg/g) of dust
(maximum: 56,08 IJg/g) (Stapleton et al., 2009). TOCPP was detected in both dust and
air samples in a variety of indoor environments such as homes, day care centers,
hospital wards and offices in Sweden (Marklund et el., 2003),

TOCPP's use as a flame retardant and plasticizer for many decades has resulted in
widespread distribution in the environment. In a study of 139 streams across the U,S"
including California, rocpp was detected in over half (Kolpin et al., 2002). An analysis
of Swedish sewage treatment facilities found detectable concentrations of TOCPP in the
influents, effluents and sludge from each of the plants studied (Marklund et al., 2005).

Biomonitoring studies have detected TOCPP in human tissues. In the 1980s, levels
were measured in human adipose tissue (maximum of 260 nanograms (ng)/g) (LeBel
and Williams, 1983; LeBel et a/., 1989) and in human seminal plasma (Hudec et al.,
1981). More recently, TOCPP was detected in the lipids of human milk with a median
level of 4,3 nglg and a maximum level of 5.3 nglg (Sundkvist et al., 2010).

3 DATA ON CARCINOGENICITY

3.1 Carcinogenicity Studies in Humans

An unpublished retrospective cohort cancer mortality study of workers employed at a
TOCPP manufacturing plant for the years 1956 to 1980 was conducted by Stauffer

TOCPP ·3· July 2011
OEHHA
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Chemical Company (Stauffer Chemical Company, 1983b, as described by the
European Commission, 2009, and ATSDR, 2009). The cohort consisted of 289 workers.
Ten deaths were reported in the cohort over the course of the study period. Three
deaths due to lung cancer were observed among the ten deaths (deaths from other
malignant cancers were observed by the study authors, but not described in the
European Commission, 2009, and ATSDR, 2009 reports). When the observed deaths
from the study were compared to a similar population of U.S. males, standard mortality
ratios (SMR) were higher than expected for all cancers and lung cancer, although p­
values were not calculated due to small sample size. The average time-weighted
concentration of TDCPP in air within the work environment was assessed at the end of
the study period and described as very low (0.4-0.5 IJg/m3

) . The authors concluded that
although the SMR from lung cancer was higher than expected, overall there was no
evidence Ilnking the lung cancers to TDCPP exposure because all three cases with lung
cancer were heavy to moderate cigarette smokers. Small sample size and the inability
to account for confounding factors make it difficult to draw conclusions from this study.

3.2 Carcinogenicity Studies in Animals

A review of the scientific literature regarding the carcinogenicity of TDCPP in
experimental animals identified one set of studies conducted in rats.

Male and female Sprague-Dawley CD rats (60/sex/group) were fed a diet containing
TDCPP at concentrations intended to achieve dose rates of 0, 5, 20, or 80 mg
TDCPP/kg-day (Bio/dynamics, 1981; Freudenthal and Henrich, 2000). Ten male and
female rats from each group were sacrificed after 12 months on the diet for interim
evaluation. At 24 months, all remaining surviving animals were sacrificed. At both 12
and 24 months, control and high-dose animals were examined microscopically for
lesions in a broad suite of tissues. However, for animals In the low- and mid-dose
groups only the liver, kidneys, testes, and adrenal glands were examined
microscopically at the 12- and 24-month sacrifices.

Survival among male rats in the high-dose group (80 mg/kg-day) was significantly lower
compared to control male rats. Among high-dose male rats, body weights were 20%
lower than control animals at the end of the study. Body weights of high-dose male rats
were significantly lower than control rats throughout the study. Survival was not
significantly affected by TDCPP treatment in female rats at any dose. Body weights of
high-dose female rats were also significantly lower that control rats throughout the
study, with a similar 20% decrease in body weight observed by the end of the study.
Food intake was not affected by treatment in either male or female rats.

Among male rats treated with TDCPP, benign and malignant tumors were seen (see
Table 1 below for all tumor incidence data). Statistically significant increases were
observed in the high-dose group for hepatocetlular adenoma (p < 0.01), hepatocellular
carcinoma (p < 0.05), and combined hepatocellular adenoma and carcinoma (p < 0.01)
by pairwise comparison with the control group. The incidences across dose groups
showed statistically significant positive trends with dose for adenomas (p < 0.001),
carcinomas (p < 0.01), and combined adenomas and carcinomas (p < 0.001). Three
hepatocellular adenomas were also observed in high-dose male rats at the 12-month
interim sacrifice.

,
'.

---

-----

-.
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Flame Retardant Exposure in Vehicles Is Influenced by Use in Seat
Foam and Temperature
Rebecca M. Hoehn, Lydia G. jahl, Nicholas J. Herkert, Kate Halfman, Anna Soehl, Miriam L. Diamond,
Arlene Blum, and Heather M. Stapleton"
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nonrestricted FRs is 5till the most affordable way to comply
with flammability standards. Other FRs} such as alternative
brominated flame retardants (BFRs) and organophosphate
ester flame retardants (OPEs), arc: now commonly used to
replace phased-out compounds. OPEs in particular have
become increasinglr popular and are commonly used in
polyurethane foam, .. home fumishings,9 building materials/
textilc!;} electronics,IS and ychides. 1fi Studies have now shown
that exposure to certain OPEs is associated with altered birth
outcomes} 17 reproductive hann,121 and carcinogenicity.19-11 A
well-known OPE, tril>(l,3-dichloro-2-propyl) phosphate
(TDCIPP), has been.associated with negative health effects,12
including decreased fertility, altered thyroid hormone function,
and canccr,I9 leading to its addition to the Callfornia EPA
Prop 65 list In 201 J.

FRs howe been detected In many consumer products,1..\,2.4
and our prior rescarch6 found that the presence of PBDE·
treated foam in residential furniture was associated with
significantly higher levels of PBDEsin both indoor dust and in
the serum of individuals living in those homes. Despite

Received:
Revised:
Accepted:
Publtshedr

~ Article Recommendationslili! Metrics & MoreACCESS I

R INTRODUCTION

A wide range of flame retardant (FR) chemicals arc
intentionally used in electronics, furnishings, and building
materials to meet flammability standards. I Most FRs arc used
in an additive manner (Le., not chemically bound), and many
arc scmivolatllc, indicating that they can be present in both the
gas phase and partially in the condensed phase (e.g., particles
and surfaces), depending 011 environmental conditions. As Q.

result, they arc released over time into air and dust from the
products and materials to which they were nddcd.2 Given that
the release of FRs from products is a function ofva,por pres-sure
and thermodynamic partitioning, this process is predicted to be
temperature-dependent, and thus FR release will increase with
increasing temperature. Releases of FRs from products have
contributed to human cxposurc·'-6 and health concerns,"
,..·hich arc especially important to consider when designing or
re-evaluating flammability standards. I

Many FRs have been investigated regarding their toxicity
and impact on human health. Polybromlnatcd diphcnyl ethers
(PBDEs) were extensively used in furniture, electronics, and
vehicles until the cady 2000s/1 when their use began being
restricted due to negative health effects and persistence in the
environment.v PUDE exposure in humans has been associated
with developmental neurotoxicity,IO thyroid hormone dysrc­
gulaticn, II and reproductive toxicit)·.I:: Although certain FR
classes, including PBnEs, have been restricted for use in
ccusumee products in the United States, U the use of

ABSTRACT: Plame retardants (FR...) arc added to vehicles to meet flammability standards,
such as US Federal Motor Vehicle Safety Standard FMVSS 302. Ho ....'ever, an understanding
.of which FRs arc being used, sources in the vehicle, and implications for human exposure is
lacking. US participants (II = 101) owning a vehicle of model yea: 2015 or newer hung a
silicone passive sampler on their rearview mirror for 7 days. Fifty-one of 101 participants
collected a foam sample from 11 vehicle scat. Organophosphate esters (OPEs) were the most
frequently detected FR class in the passive samplers. Among these, tris(l-chloro-isoprop)'1)
pbospbatc (TCIPP) had a 9996 detection frequency and was measured at levels ranging from
0.2 to 1J,600 ng/g of sampler. TCIPP was also the dominant FR detected in the vehicle seat foam. Sampler FR concentrations were
signlfic;mtlr correlated. with average ambient temperature and were 2-5 times higher in the summer compared to winter. The
presence ofTCIPP in foam resulted in ....4 times higher median air sampler concentrations in winter and .....9 times higher in summer.
These results suggest that FRs used in vehicle interiors, such as in seat foam, arc a source of OPE exposure, which is increased in
warmer temperatures.

KEy\VORDS: II1tUlall exposure, wri$tbntld, silicone pa.($iv( salllplclj vtllic1e, flame retardant,' organophospllatc C5ter, TCPP, TCIPP,
flllllllJlabilit.v standards

. ..:'

V ACS Publications
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hupl:l/doi CI~10.t021/JtLflt,)elM40
EnllflOn. Set T«hnoI. 202<1,.sa. san-68~

17



/.,r"
~""";,,,

Environmental Science & Technology PUbS,Acs,cltglest U$*

...... < .. ~-,

.......... -._.~

"
l
r

I
t

I
t,
f•
i
£

evidence of exposure from consumer products, personal
vehicles remain an understudied source. 9196 of Americans
commute to work in a personal vehicle, with the average driver
spending S5 min of their day in a vehicle?5 Many infants and
children arc also transported to and from school, childcare, and
doctor's appointments in personal vehicles, making vehicles a
likely route of exposure for this vulnerable population.

Previous research has suggested that commuting may
contribute to FR exposure. Reddarn ct aJ.16 assessed the
chemical exposures of commuters in Southern California using
silicone wristbands and found that exposure to TOCIPP was
correlated with the amount of time spent using vehicular
transportation (personal vehicle, public transport, rldeshare,
etc.). TDCIPP has also been identified in vehicle dust at higher
concentrations than other indoor rnicrcenvironments, such as
bedrecms'" and offices.21

,l lJ Several chlorinated and non­
halogenated OPEs have also been identified in dust 29 and
cabin air filters.lO from vehicles. These findings warrant further
study of the vehiclemicroenvironment, espectallyregarding the
types of FR.o; present in recently manufactured vehicles and the
extent of human exposure. In personal vehicles, the US
National Highway Traffic Safety Administration (NHTSA)
Federal Motor Vehicle SafetyStandard (FMVSS)302 dictates
the required bum resistance of materials in vehicle interiors.
This standard remains the same as when it WiU first introduced
in the 1970s and is likely met through the use of additive FRs,
though it does not prescribe which FRs could or should be
used. There is a need to understand whichFRs are being 'used
in current vehicles and their potential for human exposure.

This study used silicone passive samplers to characterize FR
chemicals present in personal vehicles as weU as to assess the
relationship between ambient temperature and FR levels in
cabin air. To the authors' knowledge, thiS is the first study to
use silicone passive samplers to assess FRs In vehicle cabins.
We a150 characterized FRs in fcmn from vehicle seatz; and
determined whether there W:l.S an association with cabin air
levels. Because our prior research'' found that PBDEs in
residential furniture foam were associated with elevated PBD.Es
in house dust and human serum, we hypothesized that the
presence of OPEs in vehicle seats would lead to higher levels of
OPEs in cabin air. We also hypothesized that the release of FRs
from materials and hence air concentrations would increase
wtth increasing temperatures.

• MATERIALS AND METHODS

Recruitment and Study Population. Participants Wen!

invited to the study via an advertisement tn the Green Science
Policy Institute newsletter. Inclusion criteria included living in
the United States and owning a vehicle of model year 2015 or
newer. Interested participants submitted Information about
their vehicle model year, engine type, and 'Zip code.
Participants were selected to target a wide geographic
distribution of vehicle locations 3S wen as different engine
types: ....S096 intern:l.1 combustion engines (n • 49), 2S%
electric Cn = 26). and 2S96 hybrid Cn ,,; 26). This study was
reviewed by the Duke University Institutional Review Board
and determined to be "exempt human subjects research"
because it focused on the vehicles as subjects rather than
human participants.

Samples were collected in both the winter and summer
months to assess the effect of temperature on levels of FRs in
cabin air. The first set of sampling kits was sent to 101
participants in February and March of 2022 for deployment
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from February to MaYJ and a subset of participants (n = 54)
were sent a second kit in July or August of 2022 for
deployment between July and September. Each participant
indicated the zip code where their vehicle 1'.'<15 stored during
the deployment of the silicone sampler and the date and time
at which the sampler was deployed and removed. Deployment
dates were used to extract average daily temperatures from the
National Oceanic and Atrncspherlc Administration (NOAA)
online Climate Database>" Daily temperatures were averaged
over the '.day course of sampler deployment to obtain an
average ambient temperature experienced by each vehicle.

Silicone Sampler Deployment and Collection. Partie­
ipants were mailed a sampling kit containing an instruction
sheet, nitrile or vinyl gloves, (II silicone sampler [prcclcancd via
Soxhlet extraction), tip tics, prccleaned (i.c., combustcd)
aluminum foil, a Ziplock hag, and a preaddressed, stamped
envelope to return the samples. Participants were surveyed
regarding the make, model, and partial VIN number of their
vehicle. VlN numbers were used to validate production years
and engine type and to obtain data on the vehicle
manufacturing location.

Participants used zip ties to suspend a silicone sampler from
their vehicle's rearview mirror for 7 days. After 7 days, the
participant wrapped the sampler in the included aluminum foil,
placed it in the Ziplock bag, and mailed it back to the
laboratory (see the 51(or a copy of the instructions provided to
each participant], Participant" ' ...ore gloves whenever the}'
handled the silicone samplers. Upon receipt at the laboratory,
samplers were transferred to airtight trace-clean glassvials and
stored at -20 (Ie until analysis.

Foam Sample Collection. Each participant was asked to
collect a small ( ....1 em) piece of foam from the front seat or
their vehicle dUring one of two collection periods. Generally,
this involved participants reaching underneath the vehicle seat
to access the unupholstered foam following Instructions
included In their sampling kn (see SI). A total of S2 foam
samples were collected and returned to the laboratory wrapped
in precleaned aluminum foil. Upon receipt at the laboratory,
foam samples were placed in airtight, trace-dean glass vials and
stored at room temperature until analysis. .

SJIlcone Sampler Processing. Full details on the silicone
sampler pretreatment (Le., cleaning) and analysis after
deployment can be found in the Supporting Information.
Briefly, silicone sampler segments (-0.7 g) were spiked with a
suite of isotopically labeled internal standards [Table SI),
extracted using 50:50 hexane-acetone, and concentrated with
purified nitrogen prior to GC-MS analysis. 48 analytcs were
analyaed via GC-MS, and one analyte (2,4,6.trjbromophcnoJ)
was analyzed via LC-MS following ;\ solvent exchange to
methanol. Table 52 gives n full Jist of targeted analytcs in
silicone samplers and their CAS numbers. GC-MS and lC­
MS parameters can also be found in the Supporting
lnfcrrnarion.

Foam Processing. Roam samples from vehicle scats were
extracted using previously published methods.12 Briefly, ....50
mg oHoam was extracted via sonication for 10 min in 2 mL of _ ..
dichloromethane. This process was performed twice, and
extracts were combined and concentrated on n nitrogen
evaporator (Nccvap) to a volume of -I mL. Foam extracts
were enalyaed for 15 compounds (BFRs and OPEs) in full scan
mode using two dilferent GC-MS systems, including an
Agilent Gas Chromatograph (Model 1890A}-Mass Spectrom­
eter (ModeJ S97SC) system (Agile.nt Technologies, Sant..

hl~lJdol,l}l9' IO.!(IZII..u ea.se1Q.l~!'
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Clara, CA, USA) in electron ionization mode (GC/EI-MS)
and an Agilent Gas Chromatograph (Model 6890N)-Mass
Spectrometer (Model 5975) system (Agilcnt Technologies,
Santa Clara, CA, .uSA) in negative chemical ionization mode
(GC/ECN1-MS). The resulting chromatograms were in­
spected manually, and significant peaks in the chromatograms
were compared with both in-house and NIST mass spectral
Hbraries. Positive detections were identified when there was
>80% probability match. Detections of 2,4j6-tribromophcnol

(2A,6 TBP) were further confirmed USing all. Agileor Liquid
Chromatograph (Model ]260) Tandem Mass Spectrometer
(Model 6460) in negative electrospray ionization mode (LeI
£51-M5). Extracts were blown to dryness on an Nccvap and
solvent-exchanged to methanol before analyzing via LC-MS.
Sec Table S3 for a full list of targeted aualytcs in foam,
including CAS numbers.

Quality Assurance/Quality Control. Field blanks (n = 5
winter, '1 = .5 summer) consisted of sampling kits, which were
mailed to study collaborators in Callfomia, but not opened or
deployed. These' blank samplers were processed alongside
participant samples to detect background contamination from
the mailing and laboratory processes. These blanks were also
used to calculate method detection limits (MDLs).:'~ If a target
compound was detected in 3 or more field blanks, MDLs wert
calculated as 3 times the standard deviation of the blank!'. If a
compound was detected in only 2 blanks, MDLs were
calculated as 2 times the average of the blanks. If a compound
was detected In only I, or no blanks, 1/2 the lowest
concentration visible ill the calibration curve was used as the
MOL. MOLs for all compounds, normalized to the average
mass of silicone samplers extracted (-0.7 g), can be found in
Table 52. All compounds were blank-corrected b)' subtracting
their average concentration in field hlanks from the raw
measurements. Recovery averages of Isotopically labeled
internal standardsranged from 79 to 119% {Table $1).

Statistical Analysis. Statistical analyses were performed
using JMP Pro 17 and SAS 9.4 (SAS Institute, C3l1', NC,
USA). Sratistlcal analyses were only performed On compounds
whh greater than 6096 detection in silicone samplers In both
the winter and summer collection periods. Data arc reported in
units of mass of FR per mal'S of silicone sampler (e.g./ ng/g).
For compounds with >6096 detection, concentrations below
the MDL were imputed with MDL divided by the square root
of two, adjusted based on the mass of the sampler extracted.

Nonparametric statistical tests were used because Shapiro­
Wilk normality tests revealed that FR concentrations in
stltconc .samplers were not normally dlstrfbuted. To assess
whether concentrations were different between the winter and
summer collection periods, we used both Wilcoxon Rank Sum
(Mann-vVhitney) and Wilcoxon Signed Rank (paired) tests. A
Wilcoxon Rank Sum T est was used to compare concentrations
based on FR presence in paired foam samples. To assess
differences in concentration between multiple groupsj such as
vehicle engine type, we first used a Kruskal-e-Wallls Test and
then performed posthcc testing with the \Vilcoxon Each Pair
Method. \Ve used linear mixed effcct models (accounting far
repeated measures] to determine whether there \\'3$ a
statistically Significant correlation between FR concentrations
in silicone samplers and ambient temperature. Concentration
values were logl(l..transformed prior to running the regression
to improve normality. Statistical Significance \V3S considered
when p < 0.05.
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• RESULTS AND DISCUSSION

StUdy Population. Vehicles in this study were primarily
manufactured between 2015 and l022, reflecting our interest
in understanding .FRs in recently manufactured vehicles.
Vehicles were from locations across 30 different states, with
the largest number located in California (Figure 51 and Table
$4). Because of this wide geographic distribution and the
sampling of ll. subset of vehicles in both winter and summer, we
were able to study vehicles exposed to aver3g~ ambient
temperatures ranging from approximately -5 to 30 °C. More
details on the specific vehicles included in this stud)' are found
In Table I.

Table J. Summary Statistics (or Winter ('1 = 101) and
Summer (ti = 54) Collection Periods"

deployment period

winter ,ummer

tol~1 vehldu, n 101 5'
engine tyre, n (%)

electrte 26 (26) 14 (26)

to< '9 ('9) 15 (46)
h,.brld 26 (26) 15 (18)

ft'U of manuf4C'lure, .H (!4)
2013 I (1.0) I (1.9)

2014 I (1.0) o (0.0)

20lS " (14) II (20)

2016 • (7.9) 2 (3.7)

2017 17 (17) 6 (II)

1018 IS (IS) • (IS)

2019 n (13) 6 (II)

lOW 13 (13) 10 (19)
1021 16 (16) 7 (13)

2022 3 (3.0) 3 (5.6)

(aURIr')' of manufacture, n (?')
Unitrd Sl-atts 39 (39) 11 (39)

Jll.r~n 24 (24) 11 (22)

Mento • (7.9) 3 (5.<1)
Cenn:my 7 (6.9) 6(11)

South Koru 5 (s.o) J (;.6)
CG1l3da 4 (4.0) 2 (3.7)

othl'fb 6 (5.9) • (7.4)
unknnwn 8 (7.9) J U.6)

.,·erase ~rmper4tures

Cclslu. (OC) 8.7 21.9

(IV31uC!s in parentheses art: percentages of total participants (or a given
deplcyment period. "Countries of manufacture reported as "ether"
only appeared once and Include Austrl:l j Belgium, England, Prance,
SJovakia, and Sweden (Winter) and Belgium, England, Slcvakin, and
Sweden (Summer).

OPE Measurements in Silicone Samplers. We targeted
49 BFRs and OPEs that are commonly detected in the
environment. A total of 17 different FRs were identified in at
least one silicone sampler (Table 52), suggesting that a wide
range of FRs are present in vehicle cabin air. Six types of
brominated flame retardant (BFRs) were detected. Among
these, 2.4,6-tribromophenol (2,4,6.TB'P) 'WOlS the most
detected, in 22% of winter samples and 4396 of summer
samples. Most detections were organophosphate esters
(OPEs). with ,J2 OPE compounds detected in at least one
sampler. Four OPEs were detected in >6096 of silicone
samplers during both the winter and summer collecucn .

hU~:I/l:lo1 OIo1lC1.101tlao~ ,k 100140
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Table 2. Summary Shltistics for the Most Frequently Detected Compounds in Silicone Samplers from '\Tinter (n := lOI) and
Summer [n = 54) Sampling"

TEP 8S 96 <3.53-21,000 <5.07-18,300
nsp 63 100 <0.1J-316 0.39-.524

TNBP 73 100 <O.71-2!6 0.94-807

TCIPP 99 98 <0.19-5JOO <4.29-11,600

TDCIPP 13 59 <1.07-640 <-'\.53-909
TPHP 0 6S nfa <1.01-151

"For a mil list of :malytcs, ace Table 52. nh indicates not alculated due to low detecucn frequency.

,,,

compound

detection lrrquency (~)

winter summer

%";lnge (ng/g)

wlnt~r .ummer

ffiedl;\n (ng/g)

wtnter summer

1.3.6 26.9

1.36 S.t'll

1.64 9.87

61.. 131

n/. .~,

n/. 2.;9
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Figure J. Comparison ofTCIPP levels (ng/it) among the three vehicle engine types (hybrid, gas, and electric) in both winter (II = 101) and
summer(n. 54) silicone n.mplen. TCIPP levels art graphed on a logarithmic scale. A Kruskal-Wallis(p< 0.05) global test indicatedsignificant
differences by engine type. $tatistlca! significance (p < 0.05) in post hoc ncnparamctric Wilcoxon Each Pain: Test Indicated by crsnge bars with
asterisk.
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periods, triethyl phosphate (TEP), trliscbutyl phosphate
(TIBP), tri-n-butyl phosphate (TNBP), and tris(\.chloro-2­
propyl) phosphate (TC\PP). TCIPP.. concentrations are
reported as a sum of the three major isomers. Among these
highly detected compounds, all four are known to be used as
FRs. However, TEP, TISP, and TNBP also have known uses as
pbsticiurs l -4 - J ? and TNBP may be wed in automotive
fluids.)S Two additional OPEs were detected In greater than
5896 of silicone samplers only during the summer collection:
trls( 1,3-dichloro-2-propyl} phosphate (TDCIPP) and triphen­
r! phosphate (TPHP). Concentration ranges and medians for
these compounds are listed in Table 2.

Trends by Vehicle Engine Type. Utilizing data on
participants' vehicles, the relationship between vehicle
characteristics and FR concentrations was first considered.
FR levels were not significantly different based on vehicle
make, model, year, or country of manufacture. However, we
found that TCIPP (Figure I) and TNBP (Figure 52)
concentrations were significantly lower in vehicles with all­
electric engines compared to those with gasoline engines.
During both winter and summer, TCIPP concentrations were
.....6 times lower, and TNBP concentrations .....3 times lower in
electric vehicles than in gasoline vehicles. TCIPP concen­
trations also differed between electric and hybrid vehicles
(Figure 1). In winter and summer. respectively. TCIPP
concentrations were .....8 and ..... 14 times lower In electric
vehicles than in hybrids.
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It is worth noting that the observed trends by engine t)'pe
may be confounded by vehicle make/brand. Of the vehicles
included in this study, certain brands are overrepresented for a
given engine t)'pe. For example. eight brands arc included in .
the electric vehicles category (n :::: 26). but among these, 53%
are exclusively one brand. This is also true of the hybrid
category (n = 26)/ where nine brands are included, and 50% of
these vehicles are exclusively one brand. Therefore, it is
difficult to determine if this trend is driven ·b). engine type or
another factor associated with manufacturers/brands.

Comparison of Summer and Winter Concentrations.
We compared FR levels in samplers from vehicles that were
sampled both in summer and winter [n = 54). Summer
concentrations of TEP, TIBP, TNBP, and TCIPP were
significantly higher than winter concentrations according to
both a Wilcoxon Rank Sum (Mann-\Vhitne)') Test
(performed On all data) and the Wilcoxon Signed Rank Test
(performed on only paired data). Figure 2 depicts the
distribution of concentrations for participants whose vehicles
were sampled twice (n == 54). Among these paired samples, the
median TCIPP concentrntion was 56 nglg in the winter, which
Increased .....4·fold to 231 ng/g in the summer. Similar increases
from winter to summer were observed for TEP, TIBPJ and
TNBP, with median summer concentrations being 1.6,4.9, and
5.3 fold higher, respectively. Average exterior temperatures
experienced by these twice-sampled vehicles Increased from
7.4 to 21.9 °C between the two seasons.
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Average Ambient Temperature (0C)

The Increase in the median concentrations from winter to
summer is consistent with the temperature-dependent release
of FRs from materials. Our data show that when semlvolatile
OPEs are used within vehicles, notably TEP, TIBP, TNBP, and
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TCIPP, they can be released into the cabin air, especially

during wanner periods of the year.
Temperature and FR Concentrations in Silicone

Samplers. To further examine the influence of temperature,
we assessed the relationship betvveen the average ambient
temperature of the vehicle's environment and FR concen­
trations in silicone samplers. This was done fOT the {our most
frequently detected FRs (TEP, TIBP, TNBP, and TCIPP)
using linear mixed effect models; which incorporated the data
collected from atl silicone samplers (n = 101 winter, '1 = 54
summer). For all four FRs, there was a significant (p < 0.0001)
positive relationship between temperature and concentration
(Figure 3). Exponentiated beta coefficients and confidence
Intervalsare listed in Table 55. The strongest associations were
found for TNBP and TC1PP. Every 1 °C increase in ambient
temperature was assodated with i\ 1296 increase in the
concentration of TNBP and TCIPP In the silicone sampler
on average. TIBP was predicted to Increase by J096 on average
(or every one-degree Celsius increase in temperature. T.EP
showed the weakest .assoctation, v..zith a 496 increase in TEl'
concentration on average for every one-degree Increase in
ambient temperature.

These data clearly demonstrate empirically that temperature
plays an important role in the extent to which FR chemicals arc
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Figure 1. Concentrations {graphed on a log scale) of the four most
abundant (>60% detcctlcn} OPEs detected in both "inter and
summer sampling periods, restricted to vehicles sampled during both
seasons ('I = ~4). Box plots inside \'iolin plots depict the 25th
percentiles, medians, lind 75th percentiles. Orange bars with an
asterisk represent a slgnili"antdllfcrcncc (P< 0.001) between summer
lind wtnter values by Wilcoxon Signed Rank {paired} Test.

Figure 3. Plots ofaverage ambient temperature (OC) vs log silicone sampler ecncentraucn (nglg) (or the fcur most detected compounds (;1) 'rEP,
(b) TIBP, (c) TNBP, and (d) TCIPP. Concentrations are 10giGo transformed to better show the spread 'in the data and allo\\l for overlay orUnear
model results. All data arc display~d Including winter (blue) end summer (orange} time points and Imputed values for detections 0: MOL. Pc
exponentiated fixed effect coefficient generated !rom the mixed c/Teet model (sec Table 55). A significant relationshl,p (p < 0.000]) between
temperature and ccnccntrattcn was found for all four compounds. represented by the dashed lines.
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To assess whether differences in TCJI'P concentrations by
vehicle type were driven by the presence in seat foam, we
assessed the relationship between silicone. sampler concen­
tratlcns (winter) and TCIPP detections in foam, stratified b)'

vehicle type. Stratification reduces sample sizes for statistical
analysts, but visual inspection of the data suggests that
regardless of engine type, TCIPP levels arc higher in samplers
when TCIPP was detected in paired foam (Figure 53).
Detection in foam docs not seem to explain the lower levels of
TCJPP observed in electric vehicles compared to those in gas
and hybrid vehicles, again suggesting that this trend is likely
driven by another characteristic.

To examine the influence of both TCIPP in foam and
temperature, we again used a repeated measures linear mixed
effect model (Figure 54). This model assessed the relationship
between TClPP concentrations (ng/g) and temperature for
the subset of participants wlth foam samples (II = 51). Figure
54 illustrates that TCIPP concentrations increased with
increasing ambient temperature and that the presence of
TCIPP in paired foam samples shifts concentrations higher}
suggesting foam is a source of TC1PP. Additionally, the model
provided a similar slope (Figure 54) regardless of whether
TCIPP was detected in paired foam, suggesting that there were
additional sources of TCIPP in the cabin, and FR release from
these materials is similarly Influenced by temper..ature.

Together, these fCSUItS suggest that the presence of TelPP
in vehicle scat foam contributes to higher levels of TeJPP in
cabin air. Scat foam appears to be a source of this compound in
cabin air, though not the only source, as vehicles without
TCIPP in their foams still consistently contained TCIPP in
their silicone samplers. The presence of other sources is also
indicated by the detection of other FRs, such as TEP, TNBP,
and TlBP in vehicles without detectable FRs in their seat foam.
Other possible sources of FRo; include other foam-containing
components (headrests, ceiling headliner, interior padding,
expanded polystyrene foam components} eee.) or other interior
materials. These results arc not surprising, as FRs are usedIn
rnimy components ofvehicles In addition to polyurethanefoam
scatlng. 40 Though updated flammability standards have led to
the reduced use of FRs in many products with fnam, such as
furniture and baby products, Pg-treaecd foam continues to be
used in vehicles.

Predicting Cabin Air Concentrations of TClPP, Since
TCIPP was the primal')' FR detected in the seat foam! we
ccnrextualized our results by predicting TCIPP air conceo­
trntions in the vehicle interior. To do this, we used air sampling
rates derived from indoor calibration studies with silicone
wristbands'" to estimate vehicle cabin air concentrations.

Okeme et al.04 1 derived a generic OPE sampling rate for
stationary silicone wristbands of J.S m$/day/dm l

j after
compiling sampling rates from several indoor calibration
studies. Using this sampling rare, we estimated a TCIPP air
concentration (ng/m') for each silicone sampler, acccuntlng
(or the deployment period In the vehicle. Details o( these
calculations are reported in Table 56. Given the generic
sampling rate of 1.5 m)/da)'/dm\ we estimated that the
median air concentration for TCIPP in vehicles would be S6
ng/m':! in the winter and 180 ng/n1"~ in the summer. Estimated
air concentrations in individual vehicles ranged from OJ 2 to
4200 ng/m"' in .the winter and 2.3 to 9000 ng/m3 in the
summer. This generic sampling rate likely provides a
reasonable estimate of air concentrations; however, the actual
sampling rate willVilry based on temperature, humidity, and air
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released from materials inside a vehicle cabin. The Internal
temperature of a parked vehicle can become dgnifl~ntIy

higher than the ambient air temperature, exacerbating this
effect during wanner months. For example, Oiaz et al. found
that a vehicle parked in direct sun during the summer was on
average 20°C hotter than the outside temperature, with peak
internal temperatures reaching as high as 68.8 °C,:w The
observed relationship between higher temperatures and higher
FR levels in cabin air becomes increasingly important to
consider during these summer months, as passengers entering
a hot vehicle may be exposed to higher concentrations.

Vehicle Seat Foam Analyses. Because furniture foam has
been shown to be n source of FRs In homes,6 we were
interested In whether Stat fonm is a source of FRs in personal
vehicles. Of the foam samples analyzed (II = 52)1 FlU were
detected In 33 samples (Table 53), The most commonly
detected compounds were OPEs, including TCJPP (n = 23)
and TDCIPP (n = 5), Other infrequently detected FRs
included V6 (BCMP.BC£P) or Thermolin 101, 2,4,6,
tribromophenol (2,4,6·TBP), tris(2·chloroethyl) phosphate
(TCEP), and decabromodiphenyl ether (8D£ 209),

To examine the likelihood that FRs in foam act as a source
to the cabin air j we conducted statistical analyses on the
silicone sampler data stratified by whether TCIPP was detected
in foam or not. Only TCIPP was examined in these analyses
due to the lower detection frequency fer other FRs in the
roam. We observed significantly higher levels of TCIPP in
samplers when it was detected in pai~~d foam (Figure 4).

Figure 4. TCIPP concentrations in silicone samplers (nglg) in both
winter (11 = 5J) and summer (11.= 28) sampling periods from vehicles
where II feem sample was provided. TCIPP concentrations nee
graphed on a logarithmic scale (or darity. Statislicallligniflc.1nce (p -c
O.OS) in nonparametricWilcoxonRank Sum Test lndlcatt'd by orange
bars with asterisk.

•
•

During the winter collection period, the median TCIPP
concentration in samplers from vehicles without TCIP.P in
their foam was 42 ng/g. If a vehicle had TCIPP in its foam
sample, this median concentration increased to 166 ng/g,
approximately 4 times higher. This relationship was even more
striking during the summer sampling period, when the median
TCIPP concentration was 134 nglg (or vehicles without
TCIPP in foam and approximatelys-Icld higher (1250 nglg)
for vehicles with TCIPP in foam.
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flow:41
•...l Estimated air concentrations derived from the

generic sampling rate, as well as the lower and upper bound
sampling rates reported in Okeme et aI., Can be found in Table
57.
. Estimated air concentrations of TCIPP in vehicles were
comparable to those reported in the literature for indoor air.
Schreder et :l1.44 reported TCIPP air concentrations from 10
adults equipped with personal active air samplers. Concen­
trations ranged from 16 to 1180 ng/mJ, with median air
concentrations of262 ng/m3, Similar levels have been detected
with passive samplers, such as polyurethane foam discs
deployed by vykoukalova et aI., who reported median air
concentrations in homes from three countries to be 26.3
(USA), 73.6 (Canada), and 16.4 nglm' (Czech Republic)."
Additloually, maximum estimated air concentrations from
summer sampling were as high as 9000 ng/m3, above typical
maxima reported in indoor air {c.g.i 3300 in bcdrocms'" and
4190 ng/m] in bcrnes'").

Similar air concentrations between this study and those
focused on the indoor environment highlight that personal
vehicles could be an important microenvironment to consider
when assessing human exposure to FRs. Inhalation is estimated

. as :1 major route of TCIPP exposure in indoor environments,
predicted as S596 of total exposure in a recent study of UK
homes." Other potential routes of exposure in vehicles, which
were not estimated in this study but would contribute to
overall e~osure, include dermal uptake from air'" or treated
matcri:1lS d and inadvertent dust ingestion.44

The strong relationship between temperature lind FR
concentration in vehicle cabin air makes the vehicle micro­
environment especially important to consider, particularly as
temperatures Increase due to climate change. Vehicles have the
potential to provide a much greater exposure to FRs than other
sources, such as homes and office buildings, especially during
the summertime, "when commuters may be climbing into a hot
"chicle with little airflow. It is likely that an individual entering
a hot car would open their windows andlor tum on the air
conditioning. which would reduce exposure; however, this will
lead to the FRs being flushed into the external environment,
and thus, cars are likely a source to outdoor air as well. It is also
possible that changes in temperature between winter and
Summer could influence the relative partitioning of these OPEs
between phases (source materials, gas phase, sud particle
phase). This change in partitioning could influence the total
amount of OPEs In the cabin air and should be explored
further in future studies to assess how inhalation exposure is
impacted b)' this difference in partitioning.

Study limitations. Our results should be interpreted in
the context of several limitations. Our sample size, of 101 in
the winter and 54 In the summer, constrained the number of
variables we could examine to explain differences in cabin air
concentrations. The recruitment of more vehicles may have
3110wed us to elucidate an)' differences between the year and
location of manufacture, which was not possible due to our
sample size.

Temperatures reported in this study were estimated based
on ambient air data from the region where each vehicle was
stored and were 110t actual interior cabin air temperatures. It is
likely that summertime interior temperatures could be much
higher than our estimates, especially if participants parked in
direct 5UI1. We also did not consider participants' use of climate
control Or whether the}' drove or parked with their vehicle
windows down. While this ensures th.at vehicles were used in a
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regular manner while sampling, those- behaviors would
Influence temperature and ventilation and could thus influence
air concentrations and sampler uptake.

Seat foam was collected wherever participants could access
it; which could also contribute to some uncertainty in our
measurements. There are other foams in the vehicle that we
did not test, such as roof headliners, wall padding, and other
scat components. We also did not test other materials, such as
plastics and textiles, which arc likely additional sources of F~
to the cabin air.

Finally, although our estimated cabin air concentrations arc
useful when considering FR exposure in vehicles, it is
important to note that FR~ arc present in both gas and
particle phases (where the particle phase is poorly captured by
stationary silicone samplers) which may be inhaled"" or
contribute to other exposure routes. Vehicle dust has also been
shown to contain FRs,·9 and dust ingestion could serve: as
another source of human exposure.

Study Implications. The results of this study suggest that
personal vehicles arc an Important microenvironment to
consider for understanding human exposure to FRs. In

'particular, the results showed the extensive use of organo­
phosphate esters (OPEs) by the vehicle industry today.TCIPP
"Was detectable in 99% of vehicles, and vehicle foam was
identified 3S a source of this compound. To the authors'
knowledge, this is the first study to explore the potential
associations between FR applications in car seat foam and
indoor air levels. The frequent detection ofTCIPP in vehicles
Js particularly concerning given that a 2023 United States
National Toxicology Report found evidence of carcinogenic
activity in male and female rats and mice exposed to TCIPP/o
'with observed increases in liver adenomas, liver carcinomas,
and uterine adenomas or adenocerdncrnas. Carcinogenic
potential of other OPEs has led to restrictions on their use,
such as TDCIPP, which was added to the C3lifomia
Proposition 65 (Prop 65) List in 20] 119 and has been banned
from certain products such as children's pajamas and
mattresses.~l Our study was limited to vehicles manufactured
from 2013 to 201-~er TDCIPP was li~ted on Prop 65.~
data su cst thatil11s Iistin has reSUTtCd in a sub titution of
TC p in place of TDCIPP, w ich would explain tile high
detecuons of TCIPP in vehicles as well as lower TDCIPP
detections compared to previous vchtele J:tudics.16.:7S2 This
substitution "is concerning given the higher vapor pressure of
TCIPP (1.35 X 10-' mmHg)" compared to TDCIPP (7.22 X
10-6mmHg),s'1 making TCIPP mere likcly to be released from
foams and other sources into vehicle cabin air. ~g
evidence on the ne atlve lth effects of TCIPf>, and the
increase 0 ial fo ·.-bome e O$ure to t is com OUI1 ,

suggests yet another case of re retta e su stitution. . -
Our i cnu cation of vehicle foam :1.." a source of exposure to

FRs is similar to the results of previous studies, where FR
detection in furniture foam \'o'3S associated with higher levels in
Indoor dust and human serum," However, home air temper­
atures are relatively stable) while vehicle temperatures can wry
greatly. Our data confirming the temperature-dependent
release of FRs suggest that vehicle exposure is particularly
influenced by the cabin conditions.

These findings highlight that commuters arc likely to be
exposed to ,FRs, especially those with longer commutes or
those who drive vehicles fuU time as part of their employment.
1n addition, children, who breathe a greater amount of air per
kg hody weight compared to adults, $:.0 would also be at risk of
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greater exposures for equivalent commuting times. People
living in warmer climates may also have higher exposure to FRs
and other scrntvclatilc chemicals used in vehicles, though
further research on human exposure patterns is warranted,
slnce exposures will be Influenced by personal behaviors such
as rolling down windows or utilizing climate control. Vehicle
users may be able to reduce FR concentrations in their cabin
air by controlling their vehicle's cabin temperature. Parking in
a garage or shade instead of full sun may reduce the cabin
temperature and limit the extent of FR release. Increasing
ventilation by opening vehicle windows and avoiding
recirculating interior cabin air may also reduce exposures.
However, the greatest reduction in exposure from vehicle air
would come {rom significantly reducing the amount of FRs
added to personal vehicles.

Given that FMVSS 302 continues to drive the use of FRs in
vehicles, more information is needed to understand the true
risksand benefits of their usc. Similar ccnslderaticns havebeen
conducted for other Industries, such as the 2013 update to
California's TB 117 flammability standard for upholstered
furniture. This change provided options to achieve fire safety
without the use of FR chemicals, and studtes have indicated
that this change has reduced the levels of FRs in home
furnishings.S(; This study Indicates that vehicles arc likely
important sources of human exposure to potentially harmful
FRs. Coupled with the uncertain fire safety benefits of adding
FRs to personal vehicle interiors, these results suggest that
FMVSS 302 should be reevaluated.

• ASSOCIATED CONTENT

o Supporting Information
The Supporting Information is available free of charge at
http,,//pubs.ac.<.org/dol/ 10.1021 / ecs.est.jc 10440.

Summery of chemical stnnd:uds. the Full pAnel o( tilrget
analytes, further details on the study population, details
on the estimation of air concentrations, and results of
additional temperature, seat Icam, and vehicle type
analyses (PDF)

• AUTHOR INFORMATION
Corresponding Author

Heather M. Stapleton - Nic/lOlas Sd,ool oj the Environment,
Duke Univ'fsity, Durllam, North Carolina 27708, United
StaIrs, e ordd.org/0000·0002·9995-65J7;
Email: heather.staplctongaduke.edu

Authors
Rebecca M. Hoehn - Nicholas Sellool oj the ElIvironment,

Dulct University, DurllamJ Nortl, Carolina 27708, United
Slat,,; .. ordd.org/0000.0003·2976·8091

Lydia G. Jahl - Grt'Cn ScICllCe Policy !tutitutt, Bcrkelty,
California 94709, United States

Nicholas J. Herkert - Nicholas School of the Environment,
Duke University, Durham, Nortb Carolina 27708, United
Statrs; .orcid,o,g/0000.OO02·3286·8934

Kate Hoffman - Nichola, School oj the fnYironm,nl, Duke
UniversityJ Durham, North Carolina 27708, United Statts;
• orcid.org/OOOO.oOO1·8029·7710

Anna Soeht - Green SdtllCc Policy Imtitute; Berkeley,
California 94709, United States

Miriam L. Diamond - Department oj Earth Sciences and
Sd,ool oj tIle E'lvirorlrntnt, University of Toronto, Toronto,

81132

ON MSS 381, Canada; oordd.org/OOOO·OOOl.6296.
6431

Arlene mum - Green Science Policy ttlstitutc, Berkeley,
C(llifornia 94709, United States

Complete contact infonnation is available at:
https';/pubs.acs.urg/10.1021/acs.est.3c10440

Author Contributions
The manuscript was written through contributions of all
authors. All authors have given approval to the final version of
the manuscripl

Funding
Research reported in this publication MIS supported by the
National Institute of Environmental Health Sciences of the
National Institutes of Health under .Award Number
T31ES021432 (Duke University Program in Environmental
Health). The content is solely the rcspcnsibiltty of the authors
and does not necessarily represent the official views of the
Natlenal Instltutcs of Health. This work was also supported by
generous donations from the Falk family, the Jonas Family
Pend, the Cornell Douglas Foundation, and the Passport
Foundation.

Notes
The authors declare no competing financial interest.

• ACKNOWLEDGMENTS
The authors wish to thank all participants for their time and
energy in supporting this research study. The)' also "ish to
thank Xuening Tang for her assistance in analyzing the foam
samples.

• ABBREVIATIONS
FR, flame retardant; TCIPP, tria[Lchloro-iscpropyl] phos­
phate; OPE, organophosphate ester; P.BD~ pelybrcmtnatcd
diphcnyl ethen BFR- bromlnated flame retardant; TDCIPI).
his(1,3.dichlorop-2-propyl} phosphate; GC-MS, gas chroma­
tography-mass spectrometry; LC-MS. liquid chrcmatcgra­
phy....mass spectrometry; Neevap, nitrogen evaporator: NIST,
National Institute of Standards and Technology; TEP, trlcthyl
phoS"phatc; TlBP, trii!\obutyl phosphate; TNBP, trl-n-buryl
phosphate

• REFERENCES
(1) Charbonnet, J. A.,weber, R.j Blum. A. Flamm:lbilitr standards

for furniture, building insubtion and electronics: Beneflt and risk.
Emerging Contaminants 2020, 6, 432-441.
(2) Lucattini, 1...j Poma, G.j Covaci, A.; de Boer, J,J Lemcree, M. H.i

Lecneds, P. E. G. A review of scml-vclatilc orsanic compounds
(SVOCs) in the indoor environment: occurrence in consumer
products, indoor air and dust. C'umosphm 2018, 201, 466-482.
(3) Llu, x. Understanding Semi-volatile Orgentc Compounds

(SVOCS) in Indoor Dust. Indoor BI/llt EllvirolJ 2022, 31 (2),291­
298.
(4) Chupeau, 2./ Bonvallct, N.; Mercier, F.; le Bot, n.; Chevrier, C.;

Glorennec. P. Organophosphorull Flame Retardants: A Glob:lI Review
of Indoor Contamination and Human Exposure in Europe and
Epidemiological Evidence. Int. ). Environ. R.~. PIiMic Hrntth 2020, Ii
(18),6713.
(5) Hammel, S. C.; Levasseur,J. 1-; Hoffman, K.; Phtlllps, A. L.;

Lcrerac, A. M.; Cali1fat, A. M.; Webster, T. F.; Stapleton, H. M.
Children's exposure 10 phtbelates and non-phthalate plasudaers In the
home: The TESIE study. Emoiron. Ill!. 2019, 132, No. 105061.
(6) Hammel. S. C.; HolTman, K.; Lcreneo, A. M.; Chen, A.; Phillips,

A. L.; Butt, C. M.; SOS:l, J. A.; webster, T. F.; Stapleton, H. M,

hllpt.;f/dol <lI'9JlO.10~ilKS ~.k 10-14:0
E"WlM. so. rtfMol. 202.4. se. ael$-Il8H

.,

24



•. En~ironlllentalScience & Technology pubucs.org/tst «"$f'
-..

AS100ciaUons between flame retardant appllcaticns in furniture foam,
house dust levels, and residents' serum levels.Environ. lilt. 2017, 107,
18J-IS9.
(7) Pelletier, M.; Glcrcnncc, 1'.; Mandin, C.j Le Bot, n.; Ramalho,

0.; Mercier, F.; 80n\·:..1I0t, N. Cbernkal-by-chemtcal and cumulative
risk assessment cf resldential indoor exposure to semlvolattle organic
compounds in France. En";rtffl. lilt. 2018, Il7, 22-32.
(8) Abbasi, G.; Buser, A. M.; Sochl, A.; Murray, M. W.; Diamond,

M. L. Stocks and flows ofPBDEs In products from use to waste in the
U.S. and Canada from 1970 to 2020. Envirau, Sci. Tee/lll"l. 2015, 49

. (3),1521-1528.
(9) Stapleton, H. M.i Sharma, S.; Geterngcr, G.; Ferguson, P. L.;

·Gnhrid, M.; webster, T. F.; Blum, A. Novel and high volume use
flame retardants in US couches reflectiveof the 2005 Pent:lBDE phase
out. Ellviron. Sci. Ttrlmol. 2012, 46 (24), 13432-13439.
. (10) Costa, 1.. G.; de Lant, R.; Tagliaferrl, S.; Pellacant, C. A
mechanistic view of pclybrominated diphenyl ether (PUDE)
developmental neurctoxictty. To:deol. Lett. 1014, 230 (2), 282-294.
(J I) Zhou, T.; Tayler, M. M.; DeVitQ, M. J.; Crofton, K. M.

Developmental exposure to brcrulnated diphenyl ethers results in
thrroid hormone disruption. Toxirol. Sri. 2001, 66 (,I)} 105-116.
(12) Singh, V., Cort('~·R.o\mire:z. J.; Terns, L. M.i Soori)"goda, T.;

Karatcla, S. Effects of Polybrcmlnated Diphenyl Ethers on Honnonal
and Reproductive Health in E·Woste·E.J':posed Population: A
Systematic Re'\1C\\'. Int. J. Enl'frilll. R.es. Public Htalth 2022 J 19 (13),
No. 137820.
(13) USEPA; PO~\'bro,"imtled Diphenyl Elhcrs (PBDEs); United

States Environmental Protection Agency, 2023. https://www.epa.
F-ov/uses$in~-and.manilgll\s·d1t:mic.:lI.s-under.tsca/rol)·bromjnated­
dlphenyl·elhen:·pbdes (accessed December 12,2023).
(14) Stapleton, H-.M.; KJostcrhau$, S.; Eagle, S.; Fuh,j.) Meeker, ].

D.; ilium, Ai Webster, T. F. Detection of Organo}'husphate Flame
Retardants In Furniturt' Fearn and U.S. House Dust. Environ. Sci.
Ttelll/o!. 2009, 4J (19), 7490-7495.
(15) VJn dcr Vcco, I.; de Beer, j. Phosphorus name retardants:

properties, production, environmental occurrence, toxicil)' and
analysis. CJlemo$I"ICt·c 2011., SS (10), 1119-JJS3.
(16) Wei, G. L.i U, D. Q; Zhuc, M. N.; Uao, Y.S.;Xie, Z. Y.; Guo.

T. 1...; U, J. J.; Zhang, S. Y.j Llan[t. Z. Q, Organcphospbcrus name
retardants and plasticizers: sources, occurreaee, toxicity and human
expo~urc. EntJirrm. Pollllf. lOIS, 196} 29-46.
(Ji) Hoffman, K.; Stapleton} H. M.; Lcrenao, A; Butt, C. M.; Adair,

L.; Herring, A. H.; Daniels, j. L Prenatal exposure to tlrg3no­
phosphates 'lind associations \\ith blrthwclght and gestatlcnal length.
E,wiron. 1111. '2018. 116. 248-254.
(IS) Meeker,J. D.; Stapleton, H. M. Howe dust concentrations of

organol'hosphate name retardants in ulation to hormonc levels and
semen qualit)' parameters. Environ. l1tallh Pmpat 2010, 118 (3),
318-323.
(19) Faust,]. n.; August, Laura M.; Evidttlce oj tilt Cnn:itlogenlcil), of

iris (I,3·V;cMo''IJ-2.prop>·1) phosphate; Califomfll EPA Office, of
Emironmt'ntal Health and Hal.3rd Assessmentj OEHHA, 2011.
btlps:1/oehh.l.I:.,I,.~lW! l1led i.,l,!downloildJ/prej'osition.6S/chemical~!
t,kppOiORII.pdf.
(20) NTPj TR·602: Isemtrie Mixlurt~ oj Tris(dlloropr"pyl) Phosphtltt

Administm:d in Fud 10SpraSlItDm,·lcy (Hsd:SIJrngut Dall'Jt)· SO) Rats
IlIld D6C3FI IN Mitt, 2023.

(21) USEPAj Provisional Pttr-Rtl'itl..td To...:itity Values Jor Tris(l~
cllloroctll).1)pllo$pllate ('1'CEP) (CASRN 115-96-8) - Tri$2c.1doroc.
t/IY'I"ll'Isl'halr.pdJ, 2009, hltp.!!://dpub.epa..so\·!oc.ea/prrtvl
d(1el1I11t'nl.S/Trislchlnr(I;:lh}'lphCl~ilhat~.pdf

(22) ''\':mg, C.; Chen. H.; Li, H.i Yu,j.; Wa.ng. x.; Uu, Y. RC\iew o(
cJncr~in~ contaminant tris( l,3-dkhloro-2-prop)'l)phosphatc: Envi­
ronmelltal occurrencc. cxposure, and ri$Ks to organisms and human
h~alth. £11I';1'011. 1/1t. 2020, 143, No. 105946.

(23) Abbasi, G.; Saini, Ai Goosey, E.; Diamond, M. L. Product
screening for 50un:es o( halogenated flame reta.rdants in Can"di:lll
houlI"e and office dust. Sci. Total Ellviron. 2016, 545-546, 299-307.

8833

(24) Stapleton, H. M.j Klosterhaus, S.; Keller, A; Ferguson, P. L.;
van Bergen, S.; Cooper, E., Webster, T. F.; Blcm, A Identification of
Ilarne retardants In polyurethane foam collected (rom baby products.
Environ. Sd. 'fcrhnol. 2011, 4S (12), 5323-5331.

(25) Bureau of Transportation Statistic.~, U, National HOllSCheld
Trdvtl 51.1(\'0/ Daily Travtl Quick Facts, 2017, https:IIMvw.hts.go\·1
st:ltistlcal"products/5urvep/national.housthold-tra\·eJ.sun.'Cy-daily'
trevcl-qulck-facts (accessed 2023)

(26) Reddam, A; Tait, G.; Herkert, N.: Hammel. S. C.: Stapleton,
H. M.j Volz, D. C. Longer commutes arc associated with Increased
huma.n exposure: to tris(J,3·dic:hloro-J..propyl) phosphate. Euvirrm.
lnt; 2020, 136, No. 105499.

(27) Carisnan, C. C.; McClean, M. D.; Cooper, E. M.; Walkim:, D.
J.j Fraser, A. j.; Heiger-Bernays, W.; Stapleton, H. M.i Webster, T. F.
Predictors of h'is(I,3-dlchloro-2-propyl) phosphate metabolite in the
urine of office workers. Enviroll. 1",. 2013.55.56-61.
(28) Brommer, S.; Harrad, S. Sources and human exposure

implications o( ceneeatrattcns of organophosphate flame retardants
jn dust (rom UK ears, classrooms, living rccms, and offiees. Environ,
lilt. 2015,83,202-207.
(29) Harrad, S.; Brommer, S.; Mueller, j. F. Concentrations o(

crgancpbcsphate flame retardants In dust from cars, homes, end
offices: An international comparison. Emtrging ContQmfllQltts 2016, 2
(Z)J 66-72.

(30) Tr3n. J... K..; He, C.; Phuc, D. H.; Toms, 1..-M: ,L.; Wang. x,
Xiu, M.; Mueller, j. F.; Covact, A.; Morawska, L., Thai, P. K.
Monitoring the Ievels elf bromlnated and erganopbosphate flame
retardants in passenger cars: Utilisation o( car air filters as active
samplers.}ollnlal oj Envirollmental Scitnces 1010, 91, 142-150.

(31) NOAA;Integrated Surface Datasd: GlobalSurfactHOllrly {NCEI
DSI 3505_03J; National Centers (or Environmental Information,
NF.5mS, NOAA, U.S. Department of Commerce, 2001, https://
w\>rW.neei.no;\lt.gov/products/land-bascd·staUon/inltgnled.sur(nee·
database (accessed March 18, 2023).

(32) Cooper. E. M.; Kroeger, G.; Davis, :K.; Clark, C. R., Fergescn,
P. 1..; Stapleton, H. M. Results from Screening Polyurethane Foam
Based Consumer Products for Flame Retardant Chcmfcals: Assessing
Impacts on the Change in the Fumiture flammability Standards.
Enl'iro". Sci. TcdmoL 2016, 50 (19), 10653-10660.
(33) USEPAi DefinItIon iwd ProudUfC 1M tIle DdmninaU"tl oj Int

Mdhod DdccUon Limit, Rtvisfon 2; Unlted States Environmental
Protection AgcnC)', 2016. http1\:/lww",.epa.gcw/sites/dc(itull/files/
2016.I2/do~unlt'nu/mdl.proc:edure_~\'2_ J2·13·20 16.pdf.
(34) PubChem; Compollnd5I1rJ1m,'ry/or CID 26176,. Tris(I-t1llero-2­

propyl) phosl,hatt, National Center for Biotechnology Inform,uion,
2023. http~://pubchem.ncbi.nlm.nih.gcl\'1compound/Trls_l.chloro·
~>prQp}o{_-pho'Cph:ltc(accened November 8, 2023).

(35) PubChcm; Celf/pound Swnmary for CID 6535, Tricth,l
phospl,att; National Center for Biotechnology lnfcrmatlcn, 2023.
hUps:IIpubehem.ncbt.nlm.nib.gov I compou nd/Trieth}'l.ph ospha tc
(accessed November 8,2023).
(36) l'ubChem; Compoll1ld Summary for CID 31355, Triisolmlyl

p'losp/latc; National Center for Biotechnology In(onnatlon, 2023.
bttps:!/pubchem.ncbi.nlm.n'h.sov/cortlr(lund/1'riisobut}·l.pho~rhatt"
(accessed November 8,.2023).
(37) PuhChem; CO/1lpaund SUllllllary for C1D 3J357, Tribulyr

plIOS},Ilatt] N.atlona.l Center (or Biotechnology lnfonnation, 2023.
https:I / puhchem.nc bi.nlm. nih.go \./ compoundIT ri but}'!.phosphate
(1lICce~sed November 8, 2023).
(38) USEPA; Tribulylph"sphatt: P""dllcl and UseCnteS0ries (PVCJ;

Conlptox Chemicals Dashboard, 2013. hltp!:/Icomprox.el':li.govl
d:\$hboard/chemic:nl/pr\lduct<u$c-cllteg(lrlcs/DTXSID30219S6 (ac>
eesst:d Decembt"r 5, 2023).

(39) Dio:lz, P. P.; P-iez;D. R.; Isaza, M. C.j MaUnel, H. A.; Thermal
Study of the VO\ri.ation and Distribution of Temper.aturt in the Cabin
o( • Car Exposed to Direct Solu Ra.didion; In Cortes Tobar, D. F.j
Hoang Duy, V.; Trong Dao, T., Ed,.; AETA 2019-~UldAdl'anw in
EltdriCdI Enginteri/lg and Related SdeHets: Thee", alld Application;
Springer lntem.ation..al Publishing: Cham, 2021, pp. 94-106.

hltsn:l'dbIotQll0.1011fAO~1'(l~

fnl'frcn. kI. rtchtld.. 1tt14. S8,~S-&8l4

,,,

.,

.'

I

.1
"

,
:t

I

25



,
i
1
t
f

I
I•!

EnVironmental Science & Technology

(40) Heanebert, P. Concentrations of brcmmated flame retardants
In pla.tics of electrical and electronic equipment, vehicles,
construction, reztlles and ncn-focd pack:aging: a reviewof occurrence
and management, Detritus 2010, 12, 34-50.
(41) Okerne, J. 0.; Y.ng. c.; Abdoll.hl, A.; Oh.I, 5.; Hams, S. A.;

Jantuocn, L M.; Tslrtin, 0.; Diamond, M. L. Passive air sampling of
Dame retardants land plasridxm; in Canadian homes ulling POMS.
XAD·coated PDMS lind PUF nmplcrs:, Envirt'n. Pol/ut. 1018, 239,
109-117.
(41) WeI, W.; Mandin, C.; Ramalhc, O. Influence of indoor

environmental factorson mass transfer parameters and ccncentratlcns
of semi-volatile organic compounds. dWllosphc,.c 2.018, J95, 223­
235.

(43) Eichler. C. 1\.1. Ai Hub:!l. E. A. C.; Xu, Y.; Cao, J.; BI, C.;
weschler, C. J.; Salthamraer, T.; Morrison, G. C.; Kcivlstc, A. ).,
Zhans. Y.; Mandin, C.; wet W.; Blcndeau, P.; Pcppendieck, D.; Uu,
X.;Delmaar, C.). E.; Fimtkej P.;Jolliet, 0.; Shin, H. M.;Diamond, M.
L; Shirahn. M.; Zucnd, A.; Hopke, P. K; von Gcete, N.; Kulmala,
M.; Uttle,). C. AuessIng: Human Exposure to SVOCs In Materials,
Product" and Articles: A Modular Mechanistic Framework. Environ.
Sci. Ttdmol. lOll) SS (1), 25-43.

(44) Schreder, E. D.; Uding, N.; La GUOlrd!a, M. ). inhalation a
Significant exposure route (or ehlcrteated organophosphate flame
retardants. CJltlllosphtTt .1016, J50, 499-504:
(45) vykoukalcva, M.; venter, M.; Volta, S.; Melymck, L.;

Be(.;'anoYa, ).; Romanalc, Kj Prokes, R.i Okeme, ). 0.; Saini, Aj
Dlnmond, M. L.j KJanova,). Organophosphate esters flameretardants
in the Indoor environment. Environ. Int. 2017, 106,97-104.

(46) Ortiz, Y.; Hamd, S. 0rvnophosphate esters in indoor and
outcloor air In Blrmtngham, UK: impllatlnns for human exposure.
Journal of Environmental Exposurt Amssmcnt 1013. 2 (3), 15.

(41) wesebler, C. J.; Nauaroff, W. W. Dermal Uptake of Organic
Vapors Commonly Found in Indoor Air. Environ. Sci. Ttchnol. 1014,
48 (2), 12]0-1237.

(48) Ahtl\1-Elw"r~ Abd..llah, M.; Harrad, S. Dermal uptake: or
chlorinllted organophosphate flame retardants vb. contact with
furniture rabrle.~; hnplic;ttlon$ for human exposure. Enliromntrdal
RtJrlfrth 2012, 209. No. 111847.

(49) Tokumut:l, M.; Habyalna, R.; Tatsu, K.; Naito, T.; Takeda, T.j
Rnknuuaman, M.;Al-Mamcn, M. H.; Masunaga, S. Grgancphosphate
flame retardants In the .indoor air and dust in ears in Japan. Envirotl.
Mo... Ass", 2017,189 (2), 48.

(SO) NTPj NTP tuhniCid r~porl 011 tilt. toxicology dlul rarcinogenrsis
studies oj an isOmtric rnixtu"t. of tris(cMoropropyl) phosphalt
admilljsl~rcd in fud to Sp,.agllt Da,..It] (H5d:Spr(lgut Dawlty@ 51>0)
rats and 86C3Fl/N rtf/Ct; National Toxicology Program, 2013. DOl:
001, 10.22427/NTI'·TR·602.

(51) OEHHA; CMorlllaftJ TrlHMon'lIattJ_lriJJtJcI_shulj Caliror­
nla Office or Environmental Health Hazard Assessment, 2023.
https://",ww.p6Swarning!l.ca.govIsltesldcfauh/files/dcwnlcads/
faetsheets/chlortnated_trisjact_sheet.pdf {accessed 2023).
(52) Velbqucz·G6met, M.; Hurtadc-Femandea, .E.; Lacorte; S.

Dlffl!renti:.1 occurrence, profiles and uptake of dUl:t contamini'lnts in
the Barcelona urban area. Sci. Total Ellvlron. 1019, 648, 1354-1370.
(53) VSEPA; Tris(2-cl,/oroiSDprop)'l)pllosp1,atc; Comptox Chemicals

Dashboard, 1023. hups:l/ compt(l:t.cpa.gov/dashboard/chcmicall
details/DTXSJDS026259 (accessed November 9, 2023).
(54) USEPA; Tris(l,3-diddoro-2-propyl) ·.I'hospl,attj Comptox

Chemicals Dashboard, 2023. https:l/comptox.epa.go\l/dashboard/
chcmicalldctan:t/DTXSID902626i.

(55) Carroqulno, M. J.; PosadaJ M.; Landrigan, P. J. Environmental
Toxicology: Children at Rlsk, E'lvironmtntal Toxirology 1013, 239­
291.

(56) Gill, R.; W.ng. Q,; Takaku-Pugh, 5.; Lytle, E.; Wang. M.;
Bennett, D. H.; Park, J.; Pcrreas, M. Trends in flame retardant levels
In upbclstered furniture and children's consumer products after
regulatory actlcn in Cllliromla. dltnfoJphtrt 101.4. 351, No. 141152.

pubs.ecs.crqrest

...

8834

26



-;

.> Agents Classified by the IARC Monographs, Volumes 1-136

'CAS No. Agent Group Volume Volume Evaluation Additional
t:: - . _ , publication year Information
'; .,. year

Aloe vera. whole leaf extract 28 108 . 2016 2013

Clonorchis sinensis (infection with) 1 61. 2012 2009
1008

Fusarium graminearum, F. culmorum, 3 Sup 7. 1993 1992
and f. crookwellense. toxins derived 56
from (zearalenone. deoxynivalenol.
ntvalenot, and fusarenone X)

Fusarium sporotrichioldes, toxins 3 56 1993 1992
derived from (T-2 toxin)

Helicobacter pylori (infection with) 1 61. 2012 2009
1008

Microcys1is extracts 3 94 2010 2006

Opisthorchis felineus (infection with) 3 61 1994 1994

Opisthorchis viverrini (infection with) 1 61. 2012 2009
1008

Schistosoma haematoblum (infection 61. 2012 2009
with) 100B

Schistosoma japonicum (infection 28 61 1994 1994
with)

Schistosoma mansoni (infection 3 61 1994 1994
with)

Acheson process. occupational 1 111 2017 2014
exposure associated with

Acid mists. strong inorganic 54. 2012 2009
100F

Acrylic fibres 3 19. Sup 19B7 1987
7

Acrylonitrile-butadlene-styrene 3 19. Sup 1987 1987
copolymers 7

Alcoholic beverages 1 44.96. 2012 2009
100E

Alpha particles (see Radionuclides)

Aluminium production 1 34. Sup 2012 2009
7,92,
100F

Anaesthetics. volatile 3 11. Sup 1987 1987
7

Androgenic (anabolic) steroids 2A Sup7 1987 1987

Areca nut 1 85. 2012 2009
100E

Arecoline 2B 128 2021 online 2020

Art glass. glass containers and 2A 58 1993 1993
pressed ware (manufacture of)

Auramine production Sup 7. 2012 2009
99.
100F

BK polyomavirus (8KY) 28 104 2014 2012

Benzidine. dyes metabolized to 1 99. 2012 2009 NB Overall
10QF evaluation
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CAS No. Agent Group 'volume Volume Evaluation Additional
:l;;.¥o-· .... . publication year information
-: " year -

111·44·4 8is(2-chloroethyl)ether 3 9, Sup 7, 1999 1998
71

111·76·2 2-8utoxyethanol 3 88 2006 2004

111025-46-8 Pioglitazone 2A 108 2016 2013

111189·32·3 Naphthol1.2·b1fluoranthene 3 92 2010 2005

1116-54-7 N-Nltrosodiethanolamine 2B 17, Sup 2000 2000
7.77

1120·71·4 l,3-Propane sultone 2A 4, Sup 7. 2017 2014 NB Overall
71,110 evaluation

upgraded to
Group 2A with
supporting
evidence from
other relevant
data

1143-38·0 Dithranol 3 13, Sup 1987 1987
7

115·02·6 Azaserine 2B lO.Sup 1987 1987
7

115·07·1 Propylene 3 Sup 7. 1994 1994
60

115-28-6 Chlorendic acid 2B 48 1990 1989

115-32·2 Dlcolol 3 30. Sup 1987 1987

~2,chloroethYI) phosphate

7

115·96-8 3 48.71 1999 1998

116·06·3 Aldicarb ~ 53 1991 1990

116·14·3 Tetrafluoroethylene 2A 19. Sup 2017 2014 N8 Overall
7.71. evaluation
110 uP9raded to

Group 2A on
the basis 01
sofficlent
evidence in
experimental
animals with a
striking and
atypical pattern
of tumours

1163'19-5 Decabromodlphenyl oxide 3 48.71 1999 1998

116355-83-0 Fusarium moniliforme. toxins derived 2B 56 1993 1992
Irom (fumonisin B1. lumonisin 82.
and fusarln C)

116355-83·0 Fumonisin B1 2B 82 2002 2002

117·10-2 Dantron (Chrysazln; 1,8- 2B 50 1990 1989
Dihydroxyanlhraquinone)

117·39·5 Quercetin 3 Sup 7. 1999 1998
73

117·79·3 2·Aminoanthraqulnone 3 27,Sup 1987 1987
7

117-81-7 Bis(2-ethylhexyl) phthalate (see Oi(2·
elhylhexyl) phthalate)

117·81·7 Di(2·elhylhexyl)phthalate 2B Sup 7, 2013 2011
77.101

r-
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BEFORE THE NATIONAL GREEN TRIBUNAL

PRINCIPAL BENCH AT NEW DELHI

OA NO. 717 OF 2024

IN THE MATTER OF:

SUO-MOTO

NEWS ITEM TITLED "PEOPLE ARE BREATHING IN CANCER-CAUSING CHEMICALS IN THEIR CARS

STUDY FIND" APPEARING IN NDTV. COM DATED 08.05.2024

VERSUS

UNION OF INDIA & ORS. RESPONDENTS

KNOW ALL to whom these present shall come that I, Dr. R. Lakshminarayanan, working as Deputy
Director General (Admn.) with Indian Council of Medical Research the above named Respondents do
hereby

SIKRI & CO. Advocates
(i)

(ii)
(iii)

MS. EKTA SIKRI (0/564/05) (v)
SHRI VIKALP MUDGAL (0-2113/2013) (v)
SHRI AJAY PAL SINGH (0-1280/2013) (vi)

L~ii)

SHRI JASBIR BIDHURI (D-1973/2015)
SH. ARUN SANWAL (0-1719/2017)
SHRI SHASHWAT SHARMA (0-2187/2018)
:sll. A~S"'T 40l'"rll (P-~6681%OI"),

(herein after called the Advocates)
to be my I our Advocates in the above case and authorize them:

To act, appear and plead in the above-noted case in this Court or in any other Court in which the same may
be tried or heard and also in the appellate Courts,

...........~~""-........~ ....~~

To sign, file, verify and present pleadings, appeals, cross objections or petitions £ i VOCATI! • I
revision, restoration, withdrawl, compromise or other petitions, replies, objection or affidavits 0; .
may be deemed necessary or proper, for the prosecution of the said case in all stages. :' {

To file and take back documents. I i
To withdraw or compromise the said case or submit arbitration any differences, J

touching or in any manner relating to the said case.
°0°0 ""'V"I.

To take out execution proceedings. <2 0 ° 0 0 1-
..... . ';-JC r,.lJF-'Oi: j ,~i 'L:n~!:~T--tfr::-_o. of:!.#.- ...J_ :.........

To deposit, draw and receive money, cheques and grant receipts therefore, and t ' OICr;n)'-I71"04~4.1 0 0 I

things which may be necessary to be done for the progress and in the course of the prosecutio: n-MAR.?O~4 0 0 o~ 0 '. ---1

conferredT~p~:~~t~~~~~~;easn~~~~:'v:'9t~e~r~c~~i~~i~~ ~~t~o~~i~~ ~i: ~~ ~~;~c;~: ~~:~~~~ J~IIIIIIIII" '11II111I111111II111111111~UII~1I1Ijl!111 '
acts, as if done by me/us to all intents andpurposes ,~.- . ' ... -_.,,' ·.·1 :f-

And I/we undertake that l/we or my/our authorized agent would appear in Court on allh~·li. ~1 . ;
theadvocates for appearance, when the case IS called. . NC" nr ortuu GOUR' 'Eo II

::::::.:::!~~:E~;':;:: ~:3:~E:~~~moo:: '~:~~~~:.~; ::::'~~: llllli~~II~!~~IDIII~II!~j
And I/we undersiqned do hereby agree that In the event of the whole or any part of the fee -agreetf By me/us

to be paid to the Advocates remaining unpaid, he shall be entitled to withdraw from the prosecution of said case until
the same is paid up, If any costs are allowed for adjournment in Advocates would do the same.

IN WITNESS WHEREOF IIwe doh~rpt set my/our hand to these presents the contents of which have
been understood by me/us thisIf::J/4- day of ,.2024

Accepted
I Identify the Client who has

Signed in my presence

~
• . . ~KT"GIKRI!.sI . (AJAY PAL SINGH)

.)\y:? k o-t:>~
C' HIT Ii~Tf,) (A N SANWAL) (S~HWAT SHARMA) V

'<'II'."" "t·NN'J\YP,NAN
Advocates ;!t, "''fl:,~IDr.?J~ '"",,"', Admn.)

Office: C-108 (Basement), Defence Colony, New De/hi-110024 ph.24BaI80'O;'1.,\2"'PaJ<:i2~(3~i1;,8.0'r~
Chambers: 229, Lawyers' Chamber, High Court of Delhi, New Delhi-1100n3:r"',::en··h~2~:388'7"~.28:rf8555lf~,'r",,)rnu i:l ......'-'~. - ~ t.,rcf qr(m( ~I-I •

~~~ ( &",~&rch (Min. of Healih & FW)
oopartment o(H~~7ci';'emmcnt of Indl3

mui ~\.'<l, NoW D<::lhI-110029
• ~_~ r-_,Q. Ho-J291 An::'!! Nager,i31mt W, ',':.: 1-1.""'1'"

I.
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