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CPSC Staff Statement on: Class-Based Exposure 
Assessment of Polyhalogenated 
Organophosphate (PHOP) Flame Retardants 
Using Four Approaches 
The U.S. Consumer Product Safety Commission (CPSC or Commission) contracted with ICF 
(Contract BPA No. 61320622A0005, Order No. 61320622F2012) to complete a class-based 
exposure assessment of Polyhalogenated Organophosphate (PHOP) Flame Retardants using 
four approaches. This statement was prepared by the CPSC staff. ICF produced the 
accompanying report for CPSC staff. The statement and report have not been reviewed or 
approved by, and may not represent the views of, the Commission.  
ICF’s report consists of a main report that describes background, methods, and results from this 
analysis. This report follows the 2024 Guidance Document for Conducting Class-Based 
Exposure Assessments for Organohalogen Flame Retardants developed by ICF for CPSC staff. 
The main report lists 37 supporting files in the Appendix (Report Section 7.0). These files 
describe interim calculations, results files across the four approaches, and the R programming 
code used for some analyses.  
This report is a class-based exposure assessment and does not make statements with regard to 
potential risks to human health. Quantitative exposure assessments for chemicals in the PHOP 
subclass can later be combined with quantitative toxicity reference values in various ways for 
class-based risk assessment. Chronic Average Daily Dose (mg/kg/day) values are estimated for 
population groups using four different approaches: 1) mechanistic modeling, 2) empirical 
measurements, 3) indoor dust monitoring, and 4) reverse dosimetry from human biomonitoring 
data. The report and supporting files for Approach 4 are described in a companion cover memo 
CPSC Staff Statement on: Exposure Assessment of Polyhalogenated Organophosphate 
(PHOP) Flame Retardants Using Human Biomonitoring Data.  
While all chemicals in the subclass received some quantitative estimates using mechanistic 
modeling for some consumer exposure scenarios, quantitative exposure estimates for other 
approaches were dependent on available data. EPA’s Consumer Exposure Model (CEM) was 
the primary modeling approach used, although other mechanistic modeling approaches were 
also considered and compared. Estimates across approaches agreed well with each other and 
trends to scale-up or scale-down exposure estimates based on correlated key physical-chemical 
properties were explored. CPSC staff considered background exposures, aggregate exposures, 
and uncertainty and variability. Newly available code for Approach 3: using indoor dust 
monitoring data and calculating dose through multiple exposure pathways can serve as a 
valuable resource more generally. CPSC staff plan to consider quantitative estimates generated 
by all four approaches in this exposure assessment. Individually and collectively, they provide 
useful information characterizing chronic exposures to PHOPs.  
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1. Introduction  
Exp osure  as se s sme nt s  t yp ic a lly foc us  on s ingle - p a thway and  s ingle - c he m ic a l 
e va lua t ions , whe re in t he  re sult s  c an b e  c om b ine d  t o d e te rm ine  aggre ga t e  (i.e ., e xp osure  
t o a  s ingle  c he m ic a l from  m ult ip le  sourc e s  and  p a thways ) or c um ula t ive  (i.e ., e xp osure  t o 
m ult ip le  c he m ic a ls  from  m ult ip le  sourc e s  and  p a thways ) e xp osure s . Whe n m ult ip le  
c he m ic a ls  ne e d  t o b e  e va lua t e d , c ond uc t ing as se s sm e nt s  for e ac h ind ivid ua l c he m ic a l 
c an b e  t im e  c onsum ing. In ad d it ion, c he m ic a l m e asure m e nt s  from  e nvironm e nta l m e d ia  
or b iologic a l m at ric e s , c ont e nt  in c onsum e r p rod uc t s , and  e m is s ions  or m igra t ion from  
p rod uc t s  a re  oft e n not  ava ilab le  t o  a llow for e m p iric a l e s t im ate s . The re fore , m od e ling 
ap p roac he s  t ha t  inc orp ora t e  ava ilab le  e m p iric a l d a t a  a re  ne e d e d  t o fill d a t a  gap s  for 
c las s - b ase d  e xp osure  as se s sm e nt .  

A c las s - b ase d  e xp osure  ap p roac h as se s se s  mult ip le  c he m ic a ls  a t  one  t im e . Cons id e ring 
t he  e nt ire  c las s  a t  one  t im e  a llows  m od e le d  e s t im ate s  and  ava ilab le  d a t a  from  d a t a- ric h 
m e m b e rs  of t he  c las s  to  b e  e xt rap ola t e d  t o d a t a - p oor m e m b e rs  of t he  c las s . De p e nd ing 
on t he  d a t a  ava ilab le , c las s - b ase d  e xp osure  e s t im ate s  c an b e  q ua lit a t ive  or s e m i-
q uant it a t ive  (e .g., p rovid ing e xp osure  e s t im ate s  for one  c he m ic a l re la t ive  t o anothe r). 

One  c he m ic a l c las s  of int e re s t  is  organohaloge n flam e  re t a rd ant s  (OFRs), whic h a re  use d  
in c onsum e r and  c om me rc ia l p rod uc t s . In 20 15, t he  Consum e r Prod uc t  Safe ty 
Com m iss ion (CPSC) re c e ive d  a  p e t it ion t o b an t he  use  of ad d it ive  OFRs , as  a  c las s , from  
c e rt a in c onsum e r p rod uc t s . The  Nat iona l Ac ad e m ie s  of Sc ie nc e s , Engine e ring, and  
Me d ic ine  (NASEM) c onc lud e d  t ha t  OFRs  c annot  b e  t re a t e d  as  a  s ingle  c las s  and  ins t e ad  
id e nt ifie d  14  d iffe re nt  sub c las se s  of OFRs  b ase d  on c he m ic a l s t ruc ture , p hys ic oc he m ic a l 
p rop e rt ie s , and  p re d ic te d  b iologic a l ac t ivit y (NASEM, 20 19). 

This  re p ort  ap p lie s  t he  Guidance  Document for Conducting Class - Based Exposure 
Assessment of Organohalogen Flame Retardants 1 (ICF, 20 24a) t o  t he  p olyha loge nat e d  
organop hosp hat e  (PHOP) sub c las s , whic h was  s e le c te d  b ase d  on re sult s  found  d uring an 
init ia l s c op ing of d a t a  ava ilab ilit y as  d e sc rib e d  in Organohalogen Flame Retardant Scope 
Document: Polyhalogenated Organophosphate Subclass  (U.S. CPSC, 20 23). Sp e c ific a lly, 
our ob je c t ive s  we re  t o: (i) as se s s  e xp osure  t o PHOPs  us ing four ap p roac he s , (ii) 
c orrob ora te  t he  c a lc ulat e d  d ose s  b y c omp aring d ose s  from  d iffe re nt  ap p roac he s , (iii) 
id e nt ify t re nd s  or ke y p aram e te rs  t ha t  would  allow c he m ic a ls  t o  b e  ranke d  re la t ive  t o one  
anothe r, and  (iv) ap p ly t he  t re nd s  id e nt ifie d  t o e xt rap ola t e  d ose s  t o  d a t a - p oor c he m ic a ls . 

 
1 The  d ocum ent , “Guid anc e  Doc um e nt  for Cond uc t ing Class - Base d  Exp osure  Asse ssm e nt  of Organohaloge n Flam e  

Re t ard ant s ,” was  d e ve lop e d  und e r U.S. Consum e r Prod uc t  Safe ty Com m iss ion (CPSC) c ont rac t  BPA No. 6 1320 6 22A0 0 0 5, 
Call Ord e r No. 6 1320 6 22F20 12. 
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2. Scope  of Report  
The  Organohalogen Flame Retardant Scope Document: Polyhalogenated 
Organophosphate Subclass  (U.S. CPSC, 20 23) d e t e rm ine d  t ha t  t he  PHOP sub c las s  has  
suffic ie nt  d a t a  t o  p roc e e d  with e xp osure  as se s sm e nt . The  d oc ume nt  a lso not e d  t ha t  
CPSC s t a ff, in c oord inat ion with t he  Divis ion of Trans la t iona l Toxic ology (DTT) a t  t he  
Nat iona l Ins t it ut e  of Environm e nta l He alt h Sc ie nc e s , was  c ond uc t ing a  c om p re he ns ive  
lit e ra ture  s e arc h (he nc e forth re fe rre d  t o as  t he  DTT and  CPSC se arc h) t o  id e nt ify 
ava ilab le  he a lt h e ffe c t s  and  e xp osure  inform at ion. During t he  d e ve lop m e nt  of t his  re p ort , 
t it le - ab s t rac t  s c re e ning and  full- t e xt  s c re e ning re sult s  from  this  s e arc h we re  ava ilab le , 
b ut  d a t a  e xt rac t ion had  not  b e e n c om p le te d  ye t . As  suc h, our re p ort  foc use s  on 
e s t ab lishing how c las s - b ase d  e xp osure  as se s sm e nt  c an oc c ur with ava ilab le  d a t a 2 t o  
d e m ons t ra t e  t he  workflow and  s t e p s  for c ond uc t ing a  c las s - b ase d  e xp osure  as se s sme nt . 
Onc e  t he  full DTT and  CPSC se arc h is  c om p le t e , t he  ana lys is  c ond uc t e d  in t his  re p ort  c an 
b e  up d at e d  t o inc orp ora t e  ad d it iona l d a t a  id e nt ifie d . 

3. Methods  

3.1. Overview of Approaches to Estimate Exposure  
The  four ap p roac he s  use d  t o e s t im ate  e xp osure  a re  lis t e d  b e low and  are  re fe rre d  t o in 
t his  re p ort  as  Ap p roac h 1, Ap p roac h 2, Ap p roac h 3, and  Ap p roac h 4 : 

1. Me c hanis t ic  m od e ls : use  of m e c hanis t ic  m od e ls  b ase d  on firs t  p rinc ip le s  t o  e s t im ate  
ind oor e nvironm e nta l c onc e nt ra t ions  and /or d ose s  as soc ia t e d  with c onsum e r 
p rod uc t s  use d  in ind oor or q uas i- ind oor e nvironm e nt s . 

2. Em p iric a l m e asure m e nt s : inc lud e s  (a) use  of c he m ic a l m igra t ion m e asure m e nt s  from  
p rod uc t s  t o  p e op le  t o e s t im ate  c ont ac t  (d ire c t ) c onsume r e xp osure  or (b ) use  of 
c he m ic a l e m is s ions  m e asure m e nt s  from  p rod uc t s  t o  ind oor e nvironm e nt s  t o  e s t im ate  
m e d ia t e d  (ind ire c t ) c onsum e r e xp osure . 

3 . Ind oor d us t  m onitoring d a t a : use  of m e asure d  c onc e nt ra t ions  of ind oor d us t  t o  
e s t im ate  d ose  from  m ult ip le  p a thways  and  a ll p ot e nt ia l sourc e s , inc lud ing c onsum e r 
p rod uc t s , c ont rib ut ing t o oc c urre nc e  in d us t . 

 
2 Availab le  d a t a  we re  from  the  following d a t a  sourc e s : (i) ava ilab le  e xt rac t e d  d a t a  from  exis t ing d a t ab ase s  (e .g., 

Com p ara t ive  Toxic oge nomic s  Dat ab ase  and  Mult im e d ia  Monitoring Dat ab ase ), (ii) a  sub se t  of re fe re nc e s  from  t he  DTT 
and  CPSC se arc h tha t  we re  id e nt ifie d  as  p ot ent ia lly re le vant  b y CPSC s t aff, (iii) re sult s  from  t he  lit e ra t ure  surve y Le ve l 3B 
c om p ile d  through p re vious  CPSC t ask ord e rs  (Nos . 6 1320 6 21F10 0 1, 6 1320 6 21F10 0 2, and  6 1320 6 21F10 0 3 [Tasks  # 12 through 
14 ] und e r c ont rac t  No. CPSC- D- 17- 0 0 0 1), and  (iv) an up d at e  t o the  DTT and  CPSC se arc h for Augus t  20 21 t o Fe b ruary 
20 23. We  foc use d  on s t ud ie s  with re p ort e d  d a t a  for PHOPs (i.e ., if a  s t ud y re p ort e d  tha t  a  PHOP was  b e low t he  lim it  of 
d e t e c t ion, this  s tud y was  not  e xt rac t e d ). 
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4 . Re ve rse  d os im e t ry: use  of oc c urre nc e  d a t a  in b iologic a l m at ric e s  and  c he m ic a l-
sp e c ific  t oxic okine t ic  d a t a  t o  e s t im ate  t he  d ose  t ha t  would  b e  c ons is te nt  with t he  
m e asure d  b iom onitoring le ve l. 

For e ac h c he m ic a l, Ap p roac h 1 p rovid e s  sc e nario- b ase d  e s t im ate s  of c onsum e r 
e xp osure , Ap p roac h 2 e s t im ate s  p a thway- sp e c ific  e xp osure s  d e p e nd ing on t he  t yp e  of 
e m p iric a l d a t a  c olle c t e d , Ap p roac h 3 p rovid e s  an e s t im ate d  t ot a l d ose  for a ll sourc e s  
re la t e d  t o ind oor d us t , and  Ap p roac h 4  e s t im ate s  t ot a l d ose  for a ll sourc e s  and  p a thways  
t o whic h a  p e rson is  e xp ose d . While  a ll c he m ic a ls  a re  e va lua t e d  us ing Ap p roac h 1, 
e xp osure s  a re  e s t im ate d  for t he  othe r t hre e  ap p roac he s  only whe n d a t a  a re  ava ilab le . 

3.2. Approach  1: Mechanistic Models  
Ap p roac h 1 use s  m e c hanis t ic  m od e ls  t o  e s t imate  e xp osure  t o OFRs  from  c onsum e r 
p rod uc t s  in ind oor or q uas i- ind oor (e .g., garage ) e nvironme nt s . Exp osure  s c e narios , 
whe re in t he  sourc e , p a thway, and  re c e p tor a re  sp e c ifie d , a re  firs t  d e ve lop e d  t o d e sc rib e  
how e xp osure  oc c urs . Mod e l e q ua t ions  a re  b ase d  on we ll- e s t ab lishe d  m e c hanis t ic  
p roc e sse s  informe d  b y p hys ic oc he m ic a l p rop e rt ie s , with t he  m od e ls  re q uiring sourc e  
inp ut s  (p hys ic oc he m ic a l p rop e rt ie s  and  c onsum e r p rod uc t /m ate ria l p rop e rt ie s ), 
e nvironm e nta l inp ut s  (room  volum e , a ir e xc hange  ra t e ), and  p op ula t ion inp ut s  (e xp osure  
fac tors , ac t ivit y p a t t e rns ). For e ac h e xp osure  s c e nario, an e s t im ate d  d ose  c an b e  
d e t e rm ine d  and  is  sp e c ific  t o  t ha t  s c e nario. 

3.2.1. List of Exposure Scenarios  
To avoid  having an ove rwhe lm ing num b e r of e xp osure  s c e narios  and  t o p rovid e  
c ons is t e nc y ac ross  e xp osure  as se s sme nt s  for d iffe re nt  OFR sub c lasse s , a  m as t e r lis t  of 
e xp osure  s c e narios  was  init ia lly d e ve lop e d  b y c ons id e ring p rod uc t  use  inform at ion for a ll 
sub c las se s  from  CPSC’s  Market Use Report: Characterizing OFR Chemistries, Sources, 
and Uses in the U.S. and International Markets , Volumes 1 (Main Report) and 2 
(Appendices)  (IEc , 20 22a; IEc , 20 22b ). This  m as t e r lis t  is  t he  s t a rt ing p oint  of e xp osure  
s c e narios  for e ve ry sub c las s . For a  sp e c ific  sub c las s , t he  m as t e r lis t  is  narrowe d  to only 
re le vant  e xp osure  sc e narios  (i.e ., a  sub c las s  will ne ve r have  m ore  s c e narios  t han t he  
m as t e r lis t ). 

Tab le  1 shows  t he  m as te r lis t  of 18  e xp osure  s c e narios . Eac h sp e c ific  c onsum e r p rod uc t  
id e nt ifie d  c an b e  m ap p e d  t o one  of t he  s c e narios . For e xam p le , t e le vis ions  a re  m ap p e d  t o 
“Non- handheld electroni cs and appliances where mediated exposure is likely for children 
and adults ,” whe re as  c lothing is  m ap p e d  t o “Textiles where contact and mediated 
exposure is likely for children and adults .” Eac h sc e nario is  a lso c ros swalke d  t o t he  s ix 
e xp osure  p a thways  of int e re s t  (s e e  Se c t ion 3.2.2 for d e sc rip t ions  of the  s ix p a thways); 
re le vant  p a thways  for e ac h sc e nario a re  ind ic at e d  with an “x” in Tab le  1. 
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Table  1. Crosswalk of Master List of Consumer Expo sure Scenarios Relevant to All OFR Subclasses.  
#  Exposure Scenario Description  Example Products  Pathways a 

1 2 3 4 5 6 

1 Hand he ld  e le c t ronic  c as ings  (or ap p lianc e s ) whe re  c ontac t  
and  m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ce ll p hone s , gam ing d e vic e s , ha ird rye rs  x x x x x x 

2 Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Large  t e le vis ions , c om p ute rs , re m ote - c ont rolle d  t oy 
c a rs  

x x x x   

3 Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s   

Dolls , foam  b loc ks , ha rd  p las t ic  b ric ks , a rt is t  and  
c ra ft  sup p lie s , t oys  

x x x x x x 

4  Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  inc id e nta l inge s t ion/ swallowing e xp osure  is  
like ly for c hild re n 

Play- b ase d  food / food  se rving p rod uc t s       x 

5  Sm all hand - he ld  rub b e r it e m s  whe re  c ontac t  and  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Bounc y/ kic k b a lls , d re s s  up / Ha llowe e n m asks , a rt is t  
and  c ra ft  sup p lie s , t oys  

x x x x x x 

6  Large  s t a t ionary ha rd  and  soft  p las t ic  it e m s  (inc lud ing foam  
and  rub b e r) whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Doll house s , p layhouse s , b loc k- b ase d  c as t le s , foam  
p lay fort s / sofas , outd oor p lay s t ruc ture s  

x x x x   

7 We arab le  p las t ic , rub b e r, or foam  c lothing and  c lothing 
ac c e ssorie s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Cos tum e  je we lry, ra in ge a r (c oa t s , b oot s , e t c .), 
c os tum e s  

x x x x x x 

8  Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Clothing, b e d d ing, c os t um e s , b ab y c a rrie rs  and  
swings , c a r/b oos t e r se a t s , p lay p e ns  

x x x x x x 

9  Te xt ile s  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n and  
ad ult s  

Wallp ap e r, t e nt s , p lay t unne ls , outd oor p lay 
s t ruc ture s  

x x x x   

10  Port ab le  and  s t a t ionary furnishings  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Sofas , c ha irs , ot t om ans , c a r se a t s  (foam ) x x x x x x 

11 Mat t re s se s  and  m at t re s s  t op p e rs  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Inne rsp ring m at t re s se s , foam  m at t re s se s , m a t t re s s  
p ad s / top p e rs , wa te rp roof m at t re s s  c ove rs  

x x x x x x 
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#  Exposure Scenario Description  Example Products  Pathways a 

1 2 3 4 5 6 

12 Infant  nap  p ad s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n 

Nap  p ad s  x x x x x x 

13 Foam  c arp e t  b ac king, c a rp e t ing, or ha rd  surfac e  flooring 
whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Foam  c arp e t  b ac king, rub b e rize d  c arp e t  b ac king (in 
c a rp e t  t ile s ), rub b e r flooring, foam  or rub b e r floor 
m at s   

x x x x x x 

14  Pre fab ric a t e d  b uild ing insula t ion whe re  m e d ia t e d  e xp osure  
is  like ly for c hild re n and  ad ult s  

Pre fab ric a t e d  insula t ion (EPS, XPS p ane ls ) x x x x   

15  Cus tom  s it e - ap p lie d  b uild ing insula t ion whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Sit e - ap p lie d  insula t ion (SPF) x x x x   

16  Coa t ings , ad he s ive s , s e a lant s , and  e las tom e rs  for b uild ing 
m ate ria ls  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Insula t ion (liq uid  ap p lie d ), p a int , s t a ins , re s ins , floor 
wax 

x x x x   

17 Othe r t a sk- b ase d  re nova t ion, re p a ir, or re furb ishm e nt  of an 
e xis t ing e xp osure  sc e nario 

  To b e  d e t e rm ine d  on a  c ase -
b y- c ase  b as is  

18  Large  s t a t ionary wood e n (and  othe r m ate ria ls  not  c ove re d  
e lse whe re ) s t ruc ture s  whe re  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Wood , wood - e ngine e re d  p rod uc t s  x x x x   

19  Hand he ld  ha rd  and  soft  p las t ic  food  c ontac t  m a te ria ls  
(inc lud ing rub b e r) whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

  Exc lud e d  from  furthe r 
c ons id e ra t ion; out s id e  CPSC 

jurisd ic t ion 

EPS = e xp and e d  p olys tyre ne ; XPS = e xt rud e d  p olys tyre ne ; SPF = sp ray p olyure thane  foam . 
aPa thway num b e rs  re fe r t o: 1 = inge s t ion of ind oor d us t ; 2 = gas - p hase  a ir t rans fe r t o  skin; 3 = inha la t ion of p a rt ic le  d us t ; 4  = inha la t ion of gas ; 5  = d e rm al 
c ontac t ; 6  = m outhing. 
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3.2.2. Modeling Tool  
Se ve ra l e xp osure  m od e ling t ools  a re  re ad ily ava ilab le  t o  e s t im ate  e xp osure  from  sp e c ific  
c onsum e r p rod uc t s , a ll with we ll- e s t ab lishe d  d oc um e nta t ion and /or we re  p e e r re vie we d . 
We  use d  EPA’s  Consum e r Exp osure  Mod e l (CEM; U.S. EPA, 20 24) ve rs ion 3.2, whic h is  
c ap ab le  of m od e ling t he  four m e d ia t e d  and  two c ont ac t  e xp osure  p a thways  of int e re s t . In 
t he  m e d ia t e d  p a thways , c he m ic a ls  a re  e m it t e d  from  p rod uc t s  and  p art it ion b e twe e n 
se t t le d  d us t , a irb orne  d us t  (p art ic ula t e s ), and  gas ; e xp osure  oc c urs  t hrough int e rac t ion 
with one  of t he se  m e d ia . In t he  c ont ac t  p a thways , t he  re c e p tor int e rac t s  d ire c t ly with t he  
p rod uc t . We  lis t  b e low the  s ix p a thways  of inte re s t  and  a lso p rovid e  t he  c orre sp ond ing 
CEM m od e ls  (e .g., A_ DER1, A_ DER2). 

1. Inge s t ion of ind oor d us t : t his  m e d ia t e d  p a thway m od e ls  inc id e nt a l inge s t ion of se t t le d  
d us t  (floor d us t , surfac e  d us t ) (A_ ING3). 

2. Gas- p hase  a ir t rans fe r t o  skin: t his  m e d ia t e d  p a thway m od e ls  t he  c he m ic a l 
d e p os it ion d ire c t ly onto t he  skin from  the  gas  p hase , followe d  b y d e rm al ab sorp t ion 
(A_ DER1). 

3 . Inha la t ion of p art ic le  d us t : t his  m e d ia t e d  p a thway m od e ls  inha la t ion of a irb orne  
p art ic ula t e s , followe d  b y ab sorp t ion in t he  gas t roint e s t ina l t rac t  (A_ ING1). 

4 . Inha la t ion of gas : t his  m e d ia t e d  p a thway m od e ls  inha la t ion of gas , followe d  b y lung 
ab sorp t ion (A_ INH1). 

5 . De rm al: t his  c ont ac t  p athway m od e ls  d ire c t  c ont ac t  of t he  p rod uc t  with t he  skin, with 
c he m ic a l m igra t ion into t he  skin ove r t im e  (A_ DER2). 

6 . Mouthing/ora l: t his  c ont ac t  p a thway m od e ls  d ire c t  p rod uc t - t o- m outh c ont ac t , whe re  
t he  c he m ic a l m igra te s  into s a liva  (A_ ING2). 

For t his  re p ort , t he  sourc e s  c ons id e re d  a re  a ll a rt ic le s , whic h a re  c onsum e r p rod uc t  
sourc e s  t ha t  a re  c ont inuous ly p re se nt  and  re le as ing c he m ic a ls  into t he  hom e  (e .g., 
furnit ure , c arp e t s , ap p lianc e s ). CEM c onta ins  e ight  ind ivid ua l m od e ls  t o  e s t im ate  
e xp osure  t o c he m ic a ls  in a rt ic le s—one  e m is s ion m od e l, one  inha la t ion m od e l, t hre e  
inge s t ion m od e ls , and  thre e  d e rm al m od e ls—and  re p ort s  ac ute  and  c hronic  e xp osure s  for 
p e rsons  of various  age s  b y e xp osure  p a thway. The  re le vant  p roc e sse s  and  as soc ia t e d  
m athe m at ic a l e q ua t ions  a re  d e sc rib e d  in t he  CEM Use r’s  Guid e  (U.S. EPA, 20 23a).  

3.2.3. Input Data  for Approach  1 
For t he  re le vant  CEM e xp osure  m od e ls  (E6 , A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, and  A_ DER3), CEM has  b uilt - in e s t im ators  or d e fault  va lue s  for m any of t he  
re q uire d  inp ut  variab le s . Whe n an e s t im ator was  ava ilab le , we  use d  t he  CEM- e s t im ate d  
va lue . For a ll othe r p aram e te r va lue s  use d , s e e  Ap p e nd ix A- 1. 

https://www.epa.gov/tsca-screening-tools/approaches-estimate-consumer-exposure-under-tsca#consumer
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As  p art  of s e t t ing up  t he  CEM runs , we  a lso p e rform e d  a  foc use d  lit e ra ture  s e arc h t o 
sup p le me nt  inform at ion ava ilab le  on p rod uc t  c onc e nt ra t ion from  the  Marke t  Use  Re p ort . 
The  p rod uc t  c onc e nt rat ion d a t a  use d  in m od e ling a re  re p re se nt a t ive  of d a t a  sourc e s  
id e nt ifie d  t o d a te  and  m ay not  b e  fully re p re se nt a t ive . Note  t ha t  p rod uc t  c onc e nt ra t ion is  
an im p ort ant  and  sc a lab le  variab le  in m od e ling t ha t  c an b e  ad jus t e d  t o re fle c t  t he  range  
of c onc e nt ra t ions  e xp e c t e d  in p rod uc t s  ove r t im e .  

3.3. Approach  2: Empirical Measurements  
Ap p roac h 2 use s  e m p iric a l m e asure m e nt s  (e .g., p rod uc t  t e s t ing e m is s ions  d a t a , m igra t ion 
d a t a ) t o  e s t im ate  e xp osure  t o OFRs  from  c onsum e r p rod uc t s . Typ ic a lly, only one  or two 
e q uat ions  a re  ne e d e d  to e s t im ate  e xp osure , and  t he  p rim ary inp ut  is  an e xp e rime nta lly 
m e asure d  va lue . For t his  re p ort , Ap p roac h 1 (me c hanis t ic  m od e ls ) and  Ap p roac h 2 
(e m p iric a l m e asure me nt s ) a re  d iffe re nt ia t e d  as  follows : 

Ap p roac h 1: 

• Mod e l e q ua t ions  a re  b ase d  on firs t  p rinc ip le s  with inp ut s  from  c he m ic a l, p rod uc t , 
and  e nvironm e nta l p rop e rt ie s . 

• Em p iric a l m e asure m e nt s  m ay b e  use d  as  m od e ling inp ut s . 

Ap p roac h 2:  

• Use s  e m p iric a l m e asure m e nt s  t o  c a lc ula t e  d ose  in one  s t e p  or 
• Firs t  e xt rap ola t e s  e m p iric a l m e asure m e nt s  t o  a  d iffe re nt  se t  of c ond it ions  us ing a  

re gre s s ion m od e l and  t he n use s  e xt rap ola t e d  va lue  t o c a lc ula t e  d ose . 
• Eq uat ions  a re  not  b ase d  on firs t  p rinc ip le s  and  ins t e ad  a re  t yp ic a lly b ase d  on 

e m p iric a l d a t a - fit t ing re gre s s ions .  

Four t yp e s  of e m p iric a l m e asure m e nt s  a re  c ons id e re d  in t his  re p ort . 

3.3.1. Migration Rates  from Products into Saliva  
Che m ic a l m igra t ion ra t e s  from  p rod uc t  t o  s a liva  c an b e  use d  t o e s t im ate  d ire c t  p rod uc t -
t o- m outh c ont ac t , a lso re fe rre d  t o as  m outhing. Te s t ing is  c ond uc te d  us ing a rt ific ia l 
s a liva , whic h a re  c om me rc ia lly ava ilab le  or c an b e  p re p are d  on s it e  in t he  lab ora tory. 
Us ing t he  m e asure d  m igra t ion ra t e , t he  d ose  c an b e  e s t im ate d  as  (Aurisano e t  a l., 20 22): 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚×𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐×𝑡𝑡𝑚𝑚
𝐵𝐵𝐵𝐵

    (Eq . 1) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 = inge s t ion ab sorb e d  d ose  (μg/kg/d ay) 
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𝑅𝑅𝑚𝑚𝑖𝑖𝑚𝑚 = m igra t ion ra t e  of c he m ic a l t o  s a liva  (μg/c m 2/m in) 
𝐴𝐴𝑐𝑐𝑐𝑐𝑖𝑖𝑡𝑡𝑐𝑐𝑐𝑐𝑡𝑡 = m outhing c ont ac t  a re a  (c m 2) 
𝑡𝑡𝑚𝑚 = m outhing d ura t ion p e r d ay (m in/d ay) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

3.3.2. Personal Dermal Loading ( Wipe Data ) 
Pe rsonal d e rm al load ing (t he  am ount  of a  c he m ic a l p re se nt  on a  d e fine d  surfac e  a re a  of 
skin) c an b e  m e asure d  d ire c t ly b y us ing wip e s . Wip e  d a t a  c an b e  use d  t o m e asure  
c he m ic a ls  on skin surfac e  d ire c t ly, t yp ic a lly on hand s  b ut  a lso on othe r p art s  of t he  b od y. 
Two m e thod s  use d  he re  t o  e s t im ate  d ire c t  d e rm al e xp osure  a re : (i) frac t ion ab sorb e d  
and  (ii) p e rm e ab ilit y c oe ffic ie nt . 

In t he  frac t ion- ab sorb e d  m e thod , d ose  is  give n b y (Tay e t  a l., 20 18): 

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 =  𝐶𝐶ℎ𝑤𝑤×𝑆𝑆𝐴𝐴×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚×𝐸𝐸𝐸𝐸×𝐸𝐸𝐸𝐸
𝐵𝐵𝐵𝐵×24

    (Eq . 2) 

Where:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 = d e rm ally ab sorb e d  d ose  (μg/kg/d ay) 
𝐶𝐶ℎ𝑤𝑤 = surfac e  a re a  norm alize d  c he m ic a l m ass  of c he m ic a l in hand wip e s  (μg/c m 2) 
𝑆𝑆𝐴𝐴 = hand  skin surfac e  a re a  e xp ose d  p e r e ve nt  (c m 2/ e ve nt ) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚 = ab sorp t ion frac t ion for d e rm al (- ) 
𝐸𝐸𝐴𝐴 = e xp osure  d ura t ion (hr/ d ay), as sum e d  to b e  24  hr/d ay 
𝐸𝐸𝐸𝐸 = e xp osure  fre q ue nc y (e ve nt / d ay) as sum e d  to b e  1 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
24 = (hr/ d ay) 

In t he  p e rme ab ilit y c oe ffic ie nt  m e thod , d ose  is  e s t im ate d  as  (Liu e t  a l., 20 17): 

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 =  𝑘𝑘𝑝𝑝−𝑙𝑙×𝐶𝐶𝑑𝑑×𝑆𝑆𝐴𝐴×𝐸𝐸𝐸𝐸
𝐵𝐵𝐵𝐵

     (Eq . 3) 

𝑘𝑘𝑝𝑝−𝑙𝑙 =  𝑘𝑘𝑝𝑝−𝑤𝑤
𝐾𝐾𝑙𝑙−𝑤𝑤

     (Eq . 4 ) 

𝐶𝐶𝑑𝑑 =  𝐶𝐶ℎ𝑤𝑤
h

     (Eq . 5) 

Where:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 = d e rm ally ab sorb e d  d ose  (μg/kg/d ay) 
𝑘𝑘𝑝𝑝−𝑙𝑙 = p e rm e ab ilit y c oe ffic ie nt  of c he m ic a l from  lip id  t o skin (c m /hr) 
𝐶𝐶𝑑𝑑 = c he m ic a l c onc e nt ra t ion in skin lip id  (μg/c m 3) 
𝑆𝑆𝐴𝐴 = hand  skin surfac e  a re a  (c m 2) 
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𝐸𝐸𝐴𝐴 = e xp osure  d ura t ion (hr/ d ay), as sum e d  to b e  24  hr/d ay 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
𝑘𝑘𝑝𝑝−𝑤𝑤 = p e rm e ab ilit y c oe ffic ie nt  from  wate r t o  skin (c m /hr) 
𝐾𝐾𝑙𝑙−𝑤𝑤 = p art it ion c oe ffic ie nt  b e twe e n skin surfac e  lip id s  and  wate r (- ), 

ap p roxim ate d  with t he  oc t anol- wate r p art it ion c oe ffic ie nt , 𝐾𝐾𝑐𝑐𝑤𝑤 
𝐶𝐶ℎ𝑤𝑤 = surfac e  a re a  norm alize d  c he m ic a l m ass  of c he m ic a l in hand wip e s  (m g/c m 2) 
ℎ = t hic kne ss  of skin surfac e  lip id  film  (c m ) 

3.3.3. Personal Air Concentrations  
Pe rsonal inha la t ion e xp osure  c an b e  e s t im ate d  us ing p e rsonal a ir m onitoring d e vic e s  t ha t  
m e asure  t he  a ir c onc e nt ra t ion in t he  p e rsona l b re a thing zone  (i.e ., b ub b le ) ne ar t he  nose  
and  m outh. Be c ause  t he se  a re  c o- loc a te d  with t he  e xp ose d  p e rson, t he  c onc e nt ra t ions  
m e asure d  re fle c t  t im e  sp e nt  ind oors , outd oors , and  c om m ut ing. 

Pe rsona l inha la t ion e xp osure  c an b e  e s t im ate d  as : 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ =  𝐶𝐶×𝐼𝐼𝑖𝑖ℎ×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑐𝑐ℎ
𝐵𝐵𝐵𝐵

     (Eq . 6 ) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (μg/kg/d ay) 
𝐶𝐶 = c onc e nt ra t ion of c he m ic a l in a ir (μg/m 3) 
𝐼𝐼𝐼𝐼ℎ = inha la t ion ra t e  (m 3/d ay) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ = ab sorp t ion frac t ion for inha la t ion (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

3.3.4. Product Emission Data and/or Mass Transfer Parameters  
Em iss ion of c he m ic a ls  from  art ic le s  c an b e  c harac t e rize d  se ve ra l d iffe re nt  ways . This  
s e c t ion p rovid e s  t he  e q uat ions  use d  t o c a lc ula t e  s t e ad y- s t a t e  a ir c onc e nt ra t ions  for t he  
t hre e  t yp e s  of PHOP d a t a  t ha t  we re  e xt rac t e d . 

For s t ud ie s  re p ort ing a re a- sp e c ific  e m is s ion rat e s  (i.e ., e m is s ion fac tors , μg/m 2/hr) 
m e asure d  from  c ham b e r t e s t s , a  re vie w of t he  t im e  se rie s  d a t a  c an c onfirm  whe the r 
s t e ad y s t a t e  is  re ac he d . De p e nd ing on t he  e xp e rim e nta l s e tup , s t ud ie s  c an re p ort  a re a-
sp e c ific  e m is s ion ra t e s  or othe r d a t a  t ha t  c an b e  use d  t o d e rive  t he  a re a- sp e c ific  
e m is s ion ra t e . For e xam p le , if c um ula t ive  e m is s ions  p e r unit  a re a  of the  sourc e  (μg/m 2) 
a re  re p orte d  a t  various  t im e  p oint s , t he se  c an b e  use d  t o c a lc ula t e  a re a- sp e c ific  
e m is s ion ra t e s . The  s te ad y- s t a t e  a ir c onc e nt ra t ion is  t he n give n b y: 

𝐶𝐶 =  𝐴𝐴×𝐸𝐸
𝑄𝑄

     (Eq . 7) 
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𝑄𝑄 =  𝐴𝐴𝐸𝐸𝑅𝑅 × 𝑉𝑉     (Eq . 8 ) 

Where:  

𝐶𝐶 = c onc e nt ra t ion of c he m ic a l in a ir (μg/m 3) 
𝐴𝐴 = e xp ose d  a re a  of t he  sourc e  (m 2) 
𝐸𝐸 = a re a- sp e c ific  e m is s ion ra t e  (μg/m 2/hr) 
𝑄𝑄 = ve nt ila t ion flow ra t e  (m 3/hr) 
𝐴𝐴𝐸𝐸𝑅𝑅 = a ir e xc hange  ra te  (1/hr) 
𝑉𝑉 = room  volum e  (m 3) 

For non- s t e ad y- s t a t e  e m is s ions , t he re  a re  ove r 30  m ass  t rans fe r m od e ls  ava ilab le  for 
p re d ic t ing se m i- vola t ile  organic  c omp ound  e m is s ion ra t e s  as  a  func t ion of t im e , with a ll 
re q uiring t hre e  ke y p aram e te rs : t he  init ia l c ont e nt  of t he  c he m ic a l in t he  solid  m ate ria l (𝐶𝐶0 
in μg/m3), the material/air partition coefficient (𝐾𝐾𝑚𝑚𝑐𝑐, d im e ns ionle s s ) and  t he  solid - p hase  
d iffus ion c oe ffic ie nt  (𝐴𝐴𝑚𝑚 in m 2/h). The  following e q uat ions  p rovid e  a  b as ic  m e thod  t o 
e s t im ate  s t e ad y- s t a te  a ir c onc e nt ra t ion us ing a  m ass  b a lanc e  ap p roac h: 

𝑉𝑉 × 𝑑𝑑𝐶𝐶
𝑑𝑑𝑡𝑡

= 𝐴𝐴 × ℎ𝑐𝑐 × �𝐶𝐶0
𝐾𝐾
− 𝐶𝐶� − 𝑄𝑄 × 𝐶𝐶   (Eq . 9 ) 

At  s t e ad y s t a t e : 

𝐶𝐶 =  𝐴𝐴×ℎ𝑐𝑐×𝐶𝐶0
(𝐴𝐴×ℎ𝑐𝑐+𝑄𝑄)×𝐾𝐾

     (Eq . 10 ) 

Where:  

𝑉𝑉 = room  volum e  (m 3) 
𝐶𝐶 = c onc e nt ra t ion of c he m ic a l in a ir (μg/m 3) 
𝑡𝑡 = t im e  (hr) 
𝐴𝐴 = e xp ose d  a re a  of t he  sourc e  (m 2) 
ℎ𝑐𝑐 = gas - p hase  m ass  t rans fe r c oe ffic ie nt  (m /hr) 
𝐶𝐶0 = c onc e nt ra t ion of c he m ic a l in t he  sourc e  (μg/m 3) 
𝐾𝐾 = solid - a ir p art it ion c oe ffic ie nt  (d im e ns ionle ss ) 
𝑄𝑄 = ve nt ila t ion flow ra t e  (m 3/hr) 

For s t ud ie s  re p ort ing t he  gas - p hase  c onc e nt rat ion in e q uilib rium  with t he  m ate ria l (𝑦𝑦0 in 
μg/m3), the variable “𝑦𝑦0” e ffe c t ive ly m e asure s  t he  ra t e  of c he m ic a l flux from  the  a rt ic le  and  
d e p e nd s  on t he  t yp e  of m ate ria l in t he  a rt ic le  and  t he  c he m ic a l of int e re s t . 𝑦𝑦0 is  s im p le  t o 
m e asure  in lab  e xp e rime nt s  on a  varie ty of a rt ic le s  without  d e s t ruc t ive  ana lys is .  

The  s t e ad y- s t a t e  a ir c onc e nt ra t ion is  re la t e d  to 𝑦𝑦0 b y (Liang e t  a l., 20 18): 
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𝑦𝑦0 =  𝑦𝑦𝑎𝑎𝑎𝑎 �1 + 𝑄𝑄
ℎ𝑚𝑚×𝐴𝐴0

�     (Eq . 11) 

Where : 

𝑦𝑦𝑎𝑎𝑎𝑎 = s t e ad y- s t a t e  gas - p hase  a ir c onc e nt ra t ion in t he  c ham b e r (μg/m 3) 
𝑦𝑦0 = gas - p hase  c onc e nt ra t ion in e q uilib rium  with t he  m ate ria l (μg/m 3) 
𝑄𝑄 = ve nt ila t ion ra t e  t hrough t he  m ic roc ham b e r (m 3/hr) 
ℎ𝑚𝑚 = m ass  t rans fe r c oe ffic ie nt  ac ros s  t he  sourc e  (m /hr) 
𝐴𝐴0 = t ot a l e m is s ion a re a  (m 2) 

Onc e  t he  s t e ad y- s t a t e  a ir c onc e nt ra t ion is  d e te rm ine d , inha la t ion e xp osure  d ue  t o t he  
gas  p hase  c an b e  e s t imate d  as : 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ =  (𝐶𝐶𝑚𝑚×10−3)×𝐼𝐼𝑖𝑖ℎ×𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑐𝑐ℎ

𝐵𝐵𝐵𝐵
    (Eq . 12) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (μg/kg/d ay) 
𝐶𝐶𝑖𝑖 = c onc e nt ra t ion of c he m ic a l in gas  p hase  (μg/m 3) 
𝐼𝐼𝐼𝐼ℎ = inha la t ion ra t e  (m 3/d ay) 
𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ = ab sorp t ion frac t ion for inha la t ion (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

3.3.5. Input Data for Approach  2 
Migration rates  from products into saliva , personal dermal loading ( wipe da ta ), personal 
air concentrations, and product emission data/ mass transfer parameters were obtained 
through a focused literature search. Because we did not conduct a systematic literature 
review, the data used for Approach  3 may not be representative of the  full range of data 
available in the literature.  

All other modeling inputs are shown in Table 2. 

Table  2. Input Values Used for Approach  2. 
Symbol  Variable  Value Value (Reference)  

Migration Rate s into Saliva  Inputs  

𝐴𝐴𝑐𝑐𝑐𝑐𝑖𝑖𝑡𝑡𝑐𝑐𝑐𝑐𝑡𝑡 Mouthing c ontac t  a re a  10  c m 2 Profe ss iona l jud gm e nt  

𝑡𝑡𝑚𝑚 Mouthing d ura t ion p e r d ay 37, 4 7.4 , 70 .1 m in/d ay Gre e ne  (20 0 2) 
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Symbol  Variable  Value Value (Reference)  

Personal Dermal Loading  Inputs  

𝑆𝑆𝐴𝐴 Hand  skin surfac e  a re a  211, 29 0 , 370 , 5 10 , 720 , 
8 30 , 9 8 0  c m 2 

U.S. EPA (20 11) 

𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚2 Ab sorp t ion frac t ion for d e rm ala 0 .31 for TCEP 
0 .26 2 for TCIPP  
0 .26 2 for ∑TCPPb 
0 .133 for TDCIPP 

Ab d a llah e t  a l. (20 16 ) 

𝑘𝑘𝑝𝑝−𝑤𝑤 Pe rm e ab ilit y c oe ffic ie nt  of c he m ic a l 
from  wate r t o  skinc 

2.6 0 ×10 ‑2 cm/hr for TCEP 
1.9 0 ×10 ‑2 cm/hr for TCIPP 
1.9 0 ×10 ‑2 cm/hr for ∑TCPPb 
6 .0 0 ×10 ‑3 cm/hr for TDCIPP 

Ab d allah e t  a l. (20 16 ) 

𝐾𝐾𝑐𝑐𝑤𝑤 Oc tanol- wa te r p a rt it ion c oe ffic ie nt  Che m ic a l- sp e c ific  (- ) U.S. CPSC (20 23) 

ℎ Thic kne ss  of s kin surfac e  lip id  film  1.3 c m  Cao e t  a l. (20 19 ) 

Product Emission Data/ Mass Transfer Parameters d 

𝐴𝐴 Exp ose d  a re a  of sourc e  Prod uc t - sp e c ific  (m 2) Profe ss iona l jud gm e nt  

𝐴𝐴𝐸𝐸𝑅𝑅 Air e xc hange  ra t e  0 .4 5  /hr U.S. EPA (20 11) 

𝑉𝑉 Room  volum e  Room - sp e c ific  (m 3) U.S. EPA (20 11) 

ℎ𝑐𝑐 Gas- p hase  m ass  t rans fe r c oe ffic ie nt  1 m 2 Profe ss iona l jud gm e nt  

𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 Frac t ion of t im e  sp e nt  a t  hom e  0 .8 9 , 0 .8 2, 0 .77, 0 .74 , 
0 .74 , 0 .71, 0 .73 

U.S. EPA (20 23b ) 

Common Inputs d 

𝐵𝐵𝐵𝐵 Bod y we ight  7.8 , 12.6 , 18 .6 , 31.8 , 56 .8 , 
71.6 , 8 0  kg 

U.S. EPA (20 11) 

𝐼𝐼𝐼𝐼ℎ Inha la t ion ra t e  0 .23, 0 .35 , 0 .4 2, 0 .5 , 
0 .6 3, 0 .6 8 , 0 .6 1 m 3/hr 

U.S. EPA (20 11) 

𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ Ab sorp t ion frac t ion for inha la t ion 0 .5  Profe ss iona l jud gm e nt  

∑TCPP = sum  of t risc hlorop rop ylp hosp ha te  isom e rs , one  of whic h is  TCIPP. 
aAb d a llah e t  a l. (20 16 ) re p orte d  ab sorp t ion frac t ions  in hum an e x vivo skin and  EPISKIN▬ m od e ls . The  d e rm al 
ab sorp t ion frac t ions  use d  a re  t he  ave rage  of b oth skin t yp e s . 
bWe  assum e d  the  d e rm al ab sorp t ion frac t ion and  p e rm e ab ilit y c oe ffic ie nt  for ∑TCPP to b e  t he  sam e  as  TCIPP. 
cAb d a llah e t  a l. (20 16 ) re p orte d  p e rm e ab ilit y c oe ffic ie nt s  from  ac e tone  to  skin for hum an e x vivo skin and  
EPISKIN▬ m od e ls , whic h we re  use d  as  a  surroga t e  for p e rm e ab ilit y c oe ffic ie nt s  from  wate r t o  skin. The  
p e rm e ab ilit y c oe ffic ie nt s  us e d  a re  t he  ave rage  of b oth skin t yp e s . 
dWhe n m ult ip le  va lue s  a re  give n, t he se  c orre sp ond  to  age - sp e c ific  inp ut s  for <1 ye ar, 1– 2 ye ars , 3– 5  ye ars , 6 –
10  ye ars , 11– 15  ye ars , 16 – 20  ye ars , and  21+ ye ars .  

3.4. Approach  3: Indoor Dust Monitoring Data  
Approach 3 uses chemical measurements of settled dust and relevant physic ochemical 
properties to estimate exposure, where in the estimated exposure represents the 
aggregate exposure to al l consumer products in an indoor environment. Three phases are 
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c ons id e re d  for t he  c he m ic a l—se t t le d  d us t , a irb orne  d us t  (susp e nd e d  p art ic ula t e s ), and  
a irb orne  gas—and  four e xp osure  p a thways  a re  e va lua t e d : (i) inha la t ion of gas  + 
p art ic ula t e s , (ii) inge s t ion of s e t t le d  d us t , (iii) d e rm al ab sorp t ion from  gas  p hase  a ir 
t hrough t he  skin, and  (iv) d e rm al ab sorp t ion t hrough d us t  c ont ac t  with skin. The  
as soc ia t e d  e q uat ions  are  b ase d  on t hose  of We sc hle r and  Nazaroff (20 10 ) t o d e t e rm ine  
c he m ic a l p art it ioning b e twe e n t he  t hre e  p hase s  a t  s t e ad y- s t a t e  and  Mit ro e t  a l. 
(20 16)/Pe lle t ie r e t  a l. (20 17) t o e s t im ate  e xp osure  via  t he  firs t  t hre e  e xp osure  p a thways  
(s e e  sourc e  p ub lic a t ions  for e q ua t ion d e riva t ions ). The  fourth p a thway—d e rm al int ake  
t hrough d us t  ab sorp t ion—was  not  inc lud e d  in e it he r Mit ro e t  a l. (20 16) or Pe lle t ie r e t  a l. 
(20 17), with b oth s t ud ie s  not ing t ha t  t his  p a thway is  e xp e c te d  t o b e  m inor, and  t he  inp ut  
p aram e te rs  re q uire d  a re  oft e n not  ava ilab le . In t his  re p ort , we  have  inc lud e d  a  s im p lifie d  
c a lc ula t ion for e xp osure  of d e rm al ab sorp t ion t hrough d us t  c ont ac t  with skin for 
c om p le te ne s s . 

3.4.1. Chemical Concentrations in Indoor Air  
To e s t im ate  c he m ic a l c onc e nt ra t ions  in gas  (vap or) and  a irb orne  p art ic ula t e s  from  
m e asure m e nt s  of c he m ic a l in t he  s e t t le d  house  d us t , we  as sum e  s te ad y- s t a t e  
c ond it ions . 

Gas - p hase  c he m ic a l c onc e nt ra t ion c an b e  c alc ula t e d  as  (We sc hle r and  Nazaroff, 20 10 ): 

𝐶𝐶𝑖𝑖 =  (𝜌𝜌𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐×1012)×𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐
𝑓𝑓𝑐𝑐𝑚𝑚_𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐×𝐾𝐾𝑐𝑐𝑐𝑐

     (Eq . 13) 

Where:  

𝐶𝐶𝑖𝑖 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 
𝜌𝜌𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 = d e ns it y of s e t t le d  d us t  p art ic le s  (g/ c m 3) 
𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 = c he m ic a l m ass  frac t ion in s e t t le d  d us t  (- ) 
𝑓𝑓𝑐𝑐𝑚𝑚_𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 = organic  m at t e r frac t ion in s e t t le d  d us t  (- ) 
𝐾𝐾𝑐𝑐𝑐𝑐 = oc t anol- a ir p art it ion c oe ffic ie nt  (- ) 
10 12 = (μg/g) × (c m 3/m 3) 

Part ic ula t e - p hase  c he m ic a l c onc e nt ra t ion c an t he n b e  c a lc ula t e d  as  (We sc hle r and  
Nazaroff, 20 10 ): 

𝐶𝐶𝑝𝑝 =  𝐶𝐶𝑚𝑚×𝑇𝑇𝑆𝑆𝑇𝑇×𝑓𝑓𝑐𝑐𝑚𝑚_𝑝𝑝𝑐𝑐𝑚𝑚𝑐𝑐×𝐾𝐾𝑐𝑐𝑐𝑐
(𝜌𝜌𝑝𝑝𝑐𝑐𝑚𝑚𝑐𝑐×1012)

    (Eq . 14 ) 

Where:  

𝐶𝐶𝑝𝑝 = c onc e nt ra t ion of c he m ic a l a t t ac he d  t o a irb orne  p art ic le s  (μg/m 3) 
𝐶𝐶𝑖𝑖 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 
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𝑇𝑇𝑆𝑆𝑇𝑇 = t ot a l susp e nd e d  p art ic ula t e s  (μg/m 3) 
𝑓𝑓𝑐𝑐𝑚𝑚_𝑝𝑝𝑐𝑐𝑚𝑚𝑡𝑡 = organic  m at t e r frac t ion in a irb orne  p art ic le s  (- ) 
𝐾𝐾𝑐𝑐𝑐𝑐 = oc t anol- a ir p art it ion c oe ffic ie nt  (- ) 
𝜌𝜌𝑝𝑝𝑐𝑐𝑚𝑚𝑡𝑡 = d e ns it y of a irb orne  p art ic le s  (g/ c m 3) 
10 12 = (μg/g) × (c m 3/m 3) 

Tot a l a ir c onc e nt ra t ion is  t he n e s t im ate d  as : 

𝐶𝐶𝑐𝑐 =  𝐶𝐶𝑖𝑖 + 𝐶𝐶𝑝𝑝      (Eq . 15) 

Where:  

𝐶𝐶𝑐𝑐 = c onc e nt ra t ion of c he m ic a l in gas - p hase  and  a t t ac he d  t o a irb orne  p art ic le s  
(μg/m 3) 

𝐶𝐶𝑝𝑝 = c onc e nt ra t ion of c he m ic a l a t t ac he d  t o a irb orne  p art ic le s  (μg/m 3) 
𝐶𝐶𝑖𝑖 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 

3.4.2. Inhalation  
Base d  on t he  e q uat ions  from  Mit ro e t  a l. (20 16) and  Pe lle t ie r e t  a l. (20 17), t he  inha la t ion 
ab sorb e d  d ose  is  give n b y: 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ =  (𝐶𝐶𝑐𝑐×10−3)×𝐼𝐼𝑖𝑖ℎ×𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑐𝑐ℎ
𝐵𝐵𝐵𝐵

   (Eq . 16 ) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (mg/kg/d ay) 
𝐶𝐶𝑐𝑐 = c onc e nt ra t ion of c he m ic a l in gas  p hase  and  a t t ac he d  t o a irb orne  p art ic le s  

(μg/m 3) 
𝐼𝐼𝐼𝐼ℎ = inha la t ion ra t e  (m 3/d ay) 
𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ = ab sorp t ion frac t ion for inha la t ion (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
10 −3 = (m g/μg) 

3.4.3. Ingestion  
The  inge s t ion ab sorb e d  d ose  is  give n b y (Mit ro e t  a l., 20 16 ; Pe lle t ie r e t  a l. 20 17): 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐×𝐼𝐼𝑖𝑖𝑖𝑖×𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑐𝑐𝑚𝑚

𝐵𝐵𝐵𝐵
   (Eq . 17) 
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Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 = inge s t ion ab sorb e d  d ose  (mg/kg/d ay) 
𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 = c he m ic a l m ass  frac t ion in s e t t le d  d us t  (- ) 
𝐼𝐼𝐼𝐼𝐼𝐼 = d us t  inge s t ion ra t e  (m g/d ay) 
𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖 = ab sorp t ion frac t ion for inge s t ion (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

The  d us t  inge s t ion ra t e  in t he  e q uat ion ab ove  re fle c t s  inge s t ion of s e t t le d  d us t  b y 
(i) m outhing of d us t  ob je c t s  suc h as  p lush t oys  and  (ii) firs t  ge t t ing d us t  on t he  hand s  and  
t he n t rans fe rring b y hand - to- m outh c ont ac t . 

3.4.4.  Dermal Absorption of Dust  
This  p a thway was  not  inc lud e d  in Mit ro e t  a l. (20 16 ) or Pe lle t ie r e t  a l. (20 17) p rim arily d ue  
t o t he  d iffic ult y of q uant ific a t ion and  it s  la rge  int e rp e rsonal variab ilit y. De rm al ab sorp t ion 
of d us t  is  a  two- s t e p  p roc e s s  in whic h t he  p e rson firs t  c ont ac t s  t he  s e t t le d  d us t , m os t  
oft e n (b ut  not  e xc lus ive ly) with t he ir hand s , followe d  b y c he m ic a l le ac hing from  the  d us t  
into t he  b iofilm  (swe at , s e b um ) on t he  skin surfac e , and  sub se q ue nt  ab sorp t ion. Give n 
t ha t  c hild re n p lay on t he  floor, in ad d it ion t o hand s , othe r skin surfac e s  (b ot t om s  of fe e t , 
a rm s , le gs) m ay a lso have  c ont ac t  with d us t . This  ap p roac h foc use s  firs t  on hand s , b ut  it  
c ould  b e  e xp and e d  t o othe r b od y p art s  in t he  future  for some  p op ulat ion group s .  

Unlike  d e rm al ab sorp t ion from  gas  p hase  a ir through t he  skin (s e e  Se c t ion 3.4 .5), t his  
p roc e ss  is  re la t ive ly s low b e c ause  e ve n a ft e r the  d us t  ad he re s  t o  t he  skin, t he  c he m ic a l is  
init ia lly p art ic le  b ound . The  c he m ic a l ne e d s  t o d is solve  into t he  film  on t he  skin (e .g., 
c ont a ining swe at  and  se b um  in a  t hin surfac e ) surfac e  b e fore  it  is  ab sorb e d . On a  d a ily 
b as is , t his  d e lay is  not  s ignific ant , b ut  if hand - to- m outh c ont ac t  oc c urs , t he n som e  d us t  
will b e  inge s t e d , and , t he re fore , will b e c om e  unavailab le  for d e rm al ab sorp t ion. Sinc e  
hand - to- m outh c ont ac t  is  re la t ive ly fre q ue nt  (s e ve ra l c ont ac t s  p e r hour), it  m ay b e  
as sum e d  tha t  t he  hand - to- m outh re m oval oc c urs  b e fore  any d e rm al ab sorp t ion. In 
ad d it ion, hand  washing will re m ove  ne arly a ll t he  d us t , so fre q ue nt  hand  washing will 
gre a t ly re d uc e  t he  ab sorb e d  d ose  from  this  p a thway. 

To avoid  d oub le  c ount ing of d us t  t ha t  is  inge s te d  via  hand - to- m outh ve rsus  d us t  t ha t  
s t ays  on t he  hand  for d e rm al ab sorp t ion, we  firs t  c a lc ula t e  t he  ra t e  of d us t  inge s t e d  from  
m outhing hand s  and  t he  ra t e  of d us t  ge t t ing on t he  hand s . The  ra t e  of d us t  m ass  inge s t e d  
from  the  hand s  is : 

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 =  𝐼𝐼𝐼𝐼𝐼𝐼 × 𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑚𝑚      (Eq . 18) 
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Where:  

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 = d us t  inge s t ion ra t e  d ue  t o hand - to- m outh t rans fe r (mg/d ay) 
𝐼𝐼𝐼𝐼𝐼𝐼 = d us t  inge s t ion ra t e  (m g/d ay) 
𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑚𝑚 = frac t ion of inge s te d  d us t  d ue  t o hand - to- mouth t rans fe r (- ) 

The  re m aind e r of t he  inge s te d  d us t  (t ha t  is , a  frac t ion 1- 𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑚𝑚) c om e s  from  the  d ire c t  
m outhing of d us ty ob je c t s , suc h as  p lush t oys , fab ric , and  so on. The  ra t e  of d us t  ge t t ing 
on t he  hand s  is  e s t im ate d  as : 

𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 =  𝐼𝐼𝑖𝑖𝑖𝑖ℎ𝑐𝑐𝑐𝑐𝑑𝑑𝑎𝑎
𝑓𝑓ℎ𝑐𝑐𝑐𝑐𝑑𝑑_𝑖𝑖𝑐𝑐𝑚𝑚

      (Eq . 19 ) 

Where:  

𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 = ra t e  of d us t  ad he ring t o hand s  (m g/d ay) 
𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 = d us t  inge s t ion ra t e  d ue  t o hand - to- m outh t rans fe r (mg/d ay) 
𝑓𝑓ℎ𝑐𝑐𝑖𝑖𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖 = frac t ion of d us t  on hand s  t ha t  e nt e rs  t he  mouth 

The  va lue  for t he  frac t ion 𝑓𝑓ℎ𝑐𝑐𝑖𝑖𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖 is  d is c us se d  in Se c t ion 3.4 .6  b e low. A re asonab le  
e s t im ate  is  t ha t  it  re p re se nt s  t he  a re a  of one  t hum b , e xp re s se d  as  a  frac t ion of t he  t ot a l 
skin a re a  on b oth hand s . 

The  am ount  of d us t  p ic ke d  up  on t he  hand s  and  ava ilab le  for d e rm al ab sorp t ion is  t he n 
give n as : 

𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎_𝑐𝑐𝑑𝑑𝑎𝑎 =  𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 − 𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎   (Eq . 20 ) 

Where:  

𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎_𝑐𝑐𝑑𝑑𝑎𝑎 = ra t e  of d us t  ad he ring t o hand s  ava ilab le  for d e rm al 
ab sorp t ion(mg/d ay) 

𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 = ra t e  of d us t  ad he ring t o hand s  (m g/d ay) 
𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎 = d us t  inge s t ion ra t e  d ue  t o hand - to- m outh 

The  d e rm al ab sorb e d  d ose  from  d us t  ab sorp t ion is  t he n give n b y: 

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 =  𝐸𝐸𝑑𝑑𝑎𝑎𝑡𝑡ℎ𝑐𝑐𝑐𝑐𝑑𝑑𝑎𝑎_𝑐𝑐𝑑𝑑𝑎𝑎×𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐×𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚

𝐵𝐵𝐵𝐵
   (Eq . 21) 

Where:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 = d e rm ally ab sorb e d  d ose  (mg/kg/d ay) 
𝐴𝐴𝐷𝐷𝐷𝐷𝑡𝑡ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑎𝑎_𝑐𝑐𝑑𝑑𝑎𝑎 = ra t e  of d us t  ad he ring t o hand s  ava ilab le  for d e rm al 

ab sorp t ion(mg/d ay) 



Clas s - b ase d  Exp osure  Asse s sme nt  of PHOP Flam e  Re t ard ant s  

 
17 

𝑋𝑋𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 = c he m ic a l m ass  frac t ion in s e t t le d  d us t  (- ) 
𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚 = ab sorp t ion frac t ion for d e rm al (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

3.4.5. Dermal Deposition from Gas Phase  
Base d  on t he  e q uat ions  from  Mit ro e t  a l. (20 16) and  Pe lle t ie r e t  a l. (20 17), t he  d e rm al 
ab sorb e d  d ose  from  gas - p hase  d e p os it ion is  give n b y: 

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 =  (𝐶𝐶𝑚𝑚×10−3)×(𝑘𝑘𝑝𝑝−𝑚𝑚×10−2×24)×𝐵𝐵𝑆𝑆𝐴𝐴×𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑

𝐵𝐵𝐵𝐵
  (Eq . 22) 

Where:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑚𝑚 = d e rm ally ab sorb e d  d ose  (mg/kg/d ay) 
𝐶𝐶𝑖𝑖 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 
𝑘𝑘𝑝𝑝−𝑖𝑖 = ind oor a ir t ransd e rmal p e rm e ab ilit y c oe ffic ie nt  (c m /h) 
𝐵𝐵𝑆𝑆𝐴𝐴 = hum an b od y surfac e  a re a  (m 2) 
𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
10−3 = (m g/μg) 
10−2 = (m /c m ) 
24 = (hr/d ay) 

The  t ransd e rm al p e rme ab ilit y c oe ffic ie nt  is  c a lc ula t e d  with t he  following e q uat ions  
(furt he r d e t a ils  and  origina l sourc e s  c it e d  in Pe lle t ie r e t  a l., 20 17): 

𝑘𝑘𝑝𝑝_𝑐𝑐𝑤𝑤 =  10^(0.7 × log𝐾𝐾𝑐𝑐𝑤𝑤 − 0.0722 × 𝑀𝑀𝐵𝐵
2
3 − 5.252) × 3600 (Eq . 23) 

𝐵𝐵 =  𝑘𝑘𝑝𝑝_𝑐𝑐𝑤𝑤×𝑀𝑀𝐵𝐵0.5

2.6
     (Eq . 24) 

𝑘𝑘𝑝𝑝_𝑤𝑤 =  𝑘𝑘𝑝𝑝_𝑐𝑐𝑤𝑤

1+𝐵𝐵
      (Eq . 25 ) 

𝑘𝑘𝑝𝑝_𝑎𝑎 =  𝑘𝑘𝑝𝑝_𝑤𝑤

𝐾𝐾𝑐𝑐𝑤𝑤
      (Eq . 26 ) 

𝑘𝑘𝑝𝑝_𝑖𝑖 =  1
1
𝑉𝑉𝑑𝑑
+ 1
𝑘𝑘𝑝𝑝_𝑎𝑎

      (Eq . 27) 

Where:  

𝑘𝑘𝑝𝑝_𝑐𝑐𝑤𝑤 = wat e r p hase  p e rme ab ilit y c oe ffic ie nt  t hrough s t ra tum  c orne um  (c m /h) 
𝐾𝐾𝑐𝑐𝑤𝑤 = oc t anol- wate r p art it ion c oe ffic ie nt  (- ) 
𝑀𝑀𝐵𝐵 = m ole c ular we ight  of c he m ic a l (g/m ol) 
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𝐵𝐵 = ra t io of s t ra tum  c orne um  to viab le  e p id e rm is  p e rm e ab ilit ie s  (- ) 
𝑘𝑘𝑝𝑝_𝑤𝑤 = wat e r p hase  p e rme ab ilit y t hrough s t ra tum  c orne um  and  viab le  e p id e rm is  

(c m /h) 
𝑘𝑘𝑝𝑝_𝑎𝑎 = gas  p hase  p e rm e ab ilit y c oe ffic ie nt  t hrough skin surfac e  (c m /h) 
𝐾𝐾𝑐𝑐𝑤𝑤 = a ir- wat e r p art it ion c oe ffic ie nt  (- ) 
𝑘𝑘𝑝𝑝_𝑖𝑖 = t ransd e rm al p e rme ab ilit y c oe ffic ie nt  (c m /h) 
𝑉𝑉𝑑𝑑 = a ir- t o- skin d e p os it ion ve loc it y (c m /h)  

If 𝐾𝐾𝑐𝑐𝑤𝑤 is  not  known, it  c an b e  c a lc ula t e d  us ing othe r inp ut  p aram e te rs : 

𝐾𝐾𝑐𝑐𝑤𝑤 =  𝐾𝐾𝑐𝑐𝑤𝑤
𝐾𝐾𝑐𝑐𝑐𝑐

= 𝐻𝐻
𝑅𝑅×𝑇𝑇

     (Eq . 28) 

Where:  

𝐾𝐾𝑐𝑐𝑤𝑤 = a ir- wat e r p art it ion c oe ffic ie nt  (- ) 
𝐾𝐾𝑐𝑐𝑤𝑤 = oc t anol- wate r p art it ion c oe ffic ie nt  (- ) 
𝐾𝐾𝑐𝑐𝑐𝑐 = oc t anol- a ir p art it ion c oe ffic ie nt  (- ) 
𝐻𝐻 = He nry’s  law c ons t ant  (Pa  m 3/m ol) 
𝑅𝑅 = unive rsa l gas  c ons t ant  = 8 .314  Pa  m 3 /  (m ol K) 
𝑇𝑇 = t e m p e ra ture  (K) 

3.4.6.  Input Data for Approach  3 
Dus t  m onitoring d a t a  we re  ob t a ine d  t hrough a  foc use d  lit e ra ture  s e arc h. The  d a t a  use d  
for Ap p roac h 3 a re  re p re se nt a t ive  of id e nt ifie d  d a t a  sourc e s  t o d a t e  and  m ay not  
re p re se nt  t he  full range  of d a t a  ava ilab le  in t he  lit e ra ture . 

All othe r m od e ling inp ut s  a re  shown in Tab le  3. 

Table  3. Input Values Used  for Approach  3. 
Symbol  Variable  Value Value (Reference)  

Chemical - Specific Inputs  

𝑀𝑀𝐵𝐵 Mole c ula r we ight  of c he m ic al g/m ol U.S. CPSC (20 23) 

𝐾𝐾𝑐𝑐𝑤𝑤 Oc tanol- wa te r p a rt it ion c oe ffic ie nt  -  U.S. CPSC (20 23) 

𝐾𝐾𝑐𝑐𝑐𝑐 Oc tanol- a ir p a rt it ion c oe ffic ie nt  -  U.S. CPSC (20 23) 

𝐻𝐻 He nry’s  law c ons t ant  Pa  m 3/m ol U.S. CPSC (20 23) 

Dust Inputs  

𝑇𝑇𝑆𝑆𝑇𝑇 Tota l susp e nd e d  p a rt ic ula t e s  20  μg/m 3 We sc hle r and  Nazaroff (20 10 ) 

𝑓𝑓𝑐𝑐𝑚𝑚_𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 Organic  m at t e r frac t ion in se t t le d  d us t  0 .2 We sc hle r and  Nazaroff (20 10 ) 

𝜌𝜌𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 De ns ity of se t t le d  d us t  p a rt ic le s  2 g/ c m 3 We sc hle r and  Nazaroff (20 10 ) 
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Symbol  Variable  Value Value (Reference)  

𝑓𝑓𝑐𝑐𝑚𝑚_𝑝𝑝𝑐𝑐𝑚𝑚𝑡𝑡 Organic  m at t e r frac t ion in a irb orne  d us t  0 .4  We sc hle r and  Nazaroff (20 10 ) 

𝜌𝜌𝑝𝑝𝑐𝑐𝑚𝑚𝑡𝑡 De ns ity of a irb orne  d us t  p a rt ic le s  1 g/ c m 3 We sc hle r and  Nazaroff (20 10 ) 

Exposure Inputs a 

𝐵𝐵𝐵𝐵 Bod y we ight  7.8 , 12.6 , 18 .6 , 31.8 , 56 .8 , 
71.6 , 8 0  kg 

U.S. EPA (20 11) 

𝐼𝐼𝐼𝐼ℎ Inha la t ion ra t e  0 .23, 0 .35 , 0 .4 2, 0 .5 , 
0 .6 3, 0 .6 8 , 0 .6 1 m 3/hr 

U.S. EPA (20 11) 

𝐼𝐼𝐼𝐼𝐼𝐼 Dus t  inge s t ion ra t e  30 , 4 0 , 30 , 30 , 20 , 20 , 
20  m g/d ay 

U.S. EPA (20 17) 

𝐵𝐵𝑆𝑆𝐴𝐴 Hum an b od y surfac e  a re a  0 .19 9 , 0 .28 5 , 0 .38 , 0 .54 , 
0 .79 5 , 0 .9 2, 0 .9 8  m 2 

U.S. EPA (20 11) 

𝑓𝑓ℎ𝑐𝑐𝑚𝑚𝑑𝑑 Frac t ion of t im e  sp e nt  a t  hom e  0 .8 9 , 0 .8 2, 0 .77, 0 .74 , 
0 .74 , 0 .71, 0 .73 

U.S. EPA (20 23b ) 

𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ Ab sorp t ion frac t ion for inha la t ion 0 .5  Profe ss iona l jud gm e nt  

𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖 Ab sorp t ion frac t ion for inge s t ion 0 .8  for 𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤 < 5 ; 
Re gre ss ion e q ua t ionb for 

5  ≤ 𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤 ≤ 8 ; 
0 .3 for 𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤 > 8  

Fang and  St ap le ton (20 14 ) 

𝑓𝑓𝑐𝑐𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚 Ab sorp t ion frac t ion for d e rm al 0 .23c Ab d a llah e t  a l. (20 16 ) 

𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑚𝑚 Frac t ion of inge s t e d  d us t  d ue  t o  hand -
to- m outh t rans fe r 

0 .75  Profe ss iona l jud gm e nt  

𝑓𝑓ℎ𝑐𝑐𝑖𝑖𝑑𝑑𝑖𝑖𝑐𝑐𝑚𝑚 Frac t ion of d us t  on hand s  t ha t  e nt e rs  
t he  m outh 

0 .0 5 d Profe ss iona l jud gm e nt  

𝑉𝑉𝑑𝑑 Air- to- skin d e p os it ion ve loc ity 6 0 0  c m /h Mit ro e t  a l. (20 16 ) 
aWhe n m ult ip le  va lue s  a re  give n, t he se  c orre sp ond  to  age - sp e c ific  inp ut s  for <1 ye ar, 1– 2 ye ars , 3– 5  ye ars , 6 –
10  ye ars , 11– 15  ye ars , 16 – 20  ye ars , and  21+ ye ars .  
bFang and  St ap le ton (20 14 ) re p ort e d  b ioac c e ss ib ilit y frac t ions  for va rious  c he m ic a ls  a t  d iffe re nt  𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤. We  
fit t e d  t he  d a t a  b e twe e n 5  ≤ 𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤 ≤ 8  and  ob ta ine d  a  re gre ss ion e q ua t ion of: frac t ion = - 0 .176 𝑙𝑙𝑙𝑙𝐼𝐼𝐾𝐾𝑐𝑐𝑤𝑤 + 1.79 18 . 
cAb d a llah e t  a l. (20 16 ) re p orte d  ab sorp t ion frac t ions  for TCEP, TCIPP, and  TDCIPP (se e  Tab le  2). The  ave rage  of 
0 .23 was  use d  for a ll c he m ic a ls . 
dFrac t ion of d us t  on hand s  t ha t  e nt e rs  t he  m outh is  a s sum e d  to  b e  0 .0 5  b e c ause  t yp ic a l b e havior (e .g., 
t hum b  suc king) involve s  one  finge r. 

3.5. Approach  4: Reverse Dosimetry  
Approach 4 estimates exposure to OFRs based on reported chemical measurements in 
human biological matrices (i.e., biomonitoring data). Measurements may be available from 
a  varie ty of m at ric e s , inc lud ing urine , b lood , b re as t  m ilk, ha ir, na ils , swe at , s a liva ,3 and  
t e e th. Howe ve r, me asure m e nt s  in urine  (for rap id ly e lim ina t e d  c he m ic a ls ) and  b lood  

 
3 Note  t ha t  m e asure m e nt s  of sa liva  in this  c ont ext  would  ne e d  t o b e  ap p rop ria t e ly se p ara t e d  from  any m outhing inc id e nt s , 

so t he  sa liva  re fle c t s  int e rna l d ose  ra the r t han re c e nt  exp osure  via  m outhing. 
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(t yp ic a lly for c he m ic a ls  e lim ina t e d  m ore  s lowly, with an e lim ina t ion ha lf- life  of >8  hours ) 
a re  m os t  c om m on and  have  t he  b e s t - d e ve lop e d  m e thod s  for re ve rse  d os im e t ry and  t he  
b e s t  d a t a  for ap p rop riat e ly p aram e te rizing t he  e q uat ions . The  b iom onitoring- b ase d  
e s t im ate s  in t he  p re se nt  re p ort  a re  d rawn from  Exposure Assessment of Polyhalogenated 
Organophosphate (PHOP) Flame Retardants Using Human Biomonitoring Data , p re p are d  
und e r Task Ord e r No. 61320 622F10 0 4  of Cont rac t  No. CPSC- D- 17- 0 0 0 1 (UC, 20 23). UC 
(20 23) d e sc rib e s  t he  me thod s  and  e q uat ions  use d  t o c a lc ula t e  d a ily int ake  of PHOPs  
from  hum an b iom onitoring d a t a  us ing Ap p roac h 4 . The  authors  ap p lie d  and  e xte nd e d  
m e thod s  and  e q uat ions  out line d  in an e arlie r re p ort , Guidance Document for Use of 
Human Biomonitoring Data for Exposure Assessment , whic h was  p re p are d  und e r Task 
Ord e r No. 61320 6 20 F10 13 of Cont rac t  No. CPSC- D- 17- 0 0 0 1 (UC, 20 21). Be c ause  t he se  
re p ort s  p rovid e  e xt e ns ive  s t e p - b y- s te p  d ire c t ions  for ob t a ining d a t a  and  c ond uc t ing t he  
ana lys is , t his  re p ort  sum m arize s  t he  ke y e q uat ions  and  id e nt ifie s  t oxic okine t ic  
p aram e te rs  and  foc use s  on is sue s  sp e c ific  t o  c las s - b ase d  as se s sm e nt s . 

3.5.1. Key Conversion Equations  
UC (20 21, 20 23) p rovid e d  t he  e q uat ions  for c ond uc t ing re ve rse  d os im e t ry c a lc ula t ions  
b ase d  on b iom arke r me asure m e nt s  in a  varie ty of b iologic a l m at ric e s . The  ke y e q uat ions  
for c ond uc t ing re ve rse  d os im e t ry with urinary b iom onitoring d a t a  a re  re p e a te d  he re  for 
c ont e xt . All of t he se  e q uat ions  a re  b ase d  on a  s t e ad y- s t a t e  as sum p t ion. Eq uat ion 29  
p rovid e s  t he  c onve rs ion ap p roac h for b iom arke rs  in urine  for d a t a  norm alize d  b ase d  on 
sp e c ific  gravit y.  

𝐴𝐴𝐼𝐼 = 𝐶𝐶∗𝑈𝑈𝐸𝐸𝑅𝑅 
𝐵𝐵𝐵𝐵∗𝐸𝐸𝑑𝑑𝑑𝑑

      (Eq . 29 )  

Where:  

𝐴𝐴𝐼𝐼 = d a ily int ake  of t he  p are nt  c om p ound  (mg/kg- d ay) 
𝐶𝐶 = b iom arke r c onc e nt ra t ion in urine  (m g b iom arke r/L) 
𝑈𝑈𝐸𝐸𝑅𝑅 = 24 - hour urinary flow ra t e  (L/d ay) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
𝐸𝐸𝑑𝑑𝑑𝑑 = frac t iona l urinary e xc re t ion (mg b iom arke r e xc re te d /mg p are nt  c om p ound  

int ake ) (If t he  𝐸𝐸𝑑𝑑𝑑𝑑 is  b ase d  on m olar p e rc e nt , suc h as  p e rc e nt  of a  rad ioac t ive  
lab e l, t he  𝐴𝐴𝐼𝐼 ne e d s  t o b e  furt he r ad jus t e d  b ase d  on t he  ra t io of t he  m ole c ular 
we ight  of t he  p are nt  t o  t he  m ole c ular we ight  of t he  b iom arke r.) 

As  d isc us se d  in a  p re vious  p ub lic a t ion (UC 20 21, 20 23), variab ilit y in t he  p op ula t ion 
d is t rib ut ion m ay b e  ove re s t im ate d  whe n t he  ha lf- life  is  short  re la t ive  t o t he  e xp osure  
fre q ue nc y. This  ove re s t im at ion is  of c onc e rn b e c ause  e xp osure  e s t imate s  oft e n foc us  on 
t he  high e nd  of t he  p op ula t ion d is t rib ut ion (e .g., t he  9 5 th p e rc e nt ile ). The  int rac las s  
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c orre la t ion c oe ffic ie nt  (ICC) p rovid e s  an ap p roac h for q uant ifying t he  re la t ive  
c ont rib ut ion of int ra - ind ivid ua l variab ilit y and  int e r- ind ivid ua l variab ilit y and  for 
c a lc ula t ing a  b e t t e r e s t im ate  of t he  ove ra ll p op ula t ion variab ilit y. The  ICC is  d e fine d  as  
t he  ra t io of t he  logge d  varianc e  b e twe e n sub je c t s  and  t he  t ot a l logge d  varianc e  (Ple il and  
Sob us , 20 13; Casas  e t  a l., 20 18): 

𝐼𝐼𝐶𝐶𝐶𝐶 = 𝜎𝜎𝛼𝛼2

𝜎𝜎𝛼𝛼2+𝜎𝜎𝜀𝜀2
       (Eq . 30 ) 

Where:  

𝜎𝜎𝛼𝛼2 = b e twe e n sub je c t  logge d  varianc e  
𝜎𝜎𝜀𝜀2 = within sub je c t  logge d  varianc e  

To b e t t e r c harac t e rize  t he  p op ula t ion variab ilit y, t he  m e thod  of Ple il and  Sob us  (20 16) 
was  use d  t o e s t im ate  t he  c e nt ra l t e nd e nc y for an ind ivid ua l from  a  s ingle  sp ot  s am p le  
c onc e nt ra t ion, inform at ion on t he  int rac las s  c orre la t ion c oe ffic ie nt  (ICC), and  p op ula t ion 
sum m ary s t a t is t ic s  (ge om e t ric  m e an and  ge om e t ric  s t and ard  d e via t ion), us ing t he  
following e q uat ion:  

𝐺𝐺𝑀𝑀𝑖𝑖 = � 𝑋𝑋𝑖𝑖
𝐺𝐺𝑀𝑀
�
𝐼𝐼𝐶𝐶𝐶𝐶𝑦𝑦

∗ 𝐺𝐺𝑀𝑀      (Eq . 31) 
 
Where:  

GMi = p re d ic t e d  ge om e t ric  m e an for any s ingle  m e asure m e nt  (µg/L) 
Xi = s ingle - sp ot  m e asure m e nt  c onc e nt ra t ion (µg /L) 
GM = ge ome t ric  m e an for t he  p op ula t ion d is t rib ut ion (µg /L) 
ICC = int rac las s  c orre lat ion c oe ffic ie nt  (unit le ss ) 
y= s lop e  fac tor (1/2: Se e  Ple il and  Sob us , 20 16 ; unit le s s ) 

The  GMi was  t he n use d  in d a ily int ake  c a lc ula t ions  ins t e ad  of t he  ind ivid ua l’s  re p ort e d  
e xp osure  c onc e nt ra t ion, ac c ord ing t o t he  following e q uat ion: 

𝐴𝐴𝐼𝐼 = 𝐺𝐺𝑀𝑀𝑖𝑖 ∗ ( 𝑈𝑈𝐸𝐸𝑅𝑅
𝐵𝐵𝐵𝐵∗𝐸𝐸𝑑𝑑𝑑𝑑

)     (Eq . 32) 

Where :  

𝐴𝐴𝐼𝐼 = d a ily int ake  (µg/kg- d ay) 
𝐺𝐺𝑀𝑀𝑖𝑖 = p re d ic te d  ge ome t ric  m e an for any s ingle - sp ot  m e asure m e nt , a fte r 

c orre c t ing for ICC in Eq uat ion 31 (µg /L) 
𝑈𝑈𝐸𝐸𝑅𝑅 = urinary flow ra t e  (L/d ay) 
𝐵𝐵𝐵𝐵 = ind ivid ua l b od y we ight  (kg) from  NHANES 
𝐸𝐸𝑑𝑑𝑑𝑑 = frac t iona l urinary e xc re t ion (unit le s s ) 
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3.5.2. Identification of Physiologi cal and Chemical - specific Toxicokinetic 
Parameters  

Phys iologic a l d a t a  we re  ind ivid ua l- le ve l UFR and  BW for e ac h NHANES sub je c t . UC (20 23) 
p rovid e d  full d e t a il on c a lc ula t ion of UFR as  re c om m e nd e d  b y NHANES ana lyt ic a l 
guid e line s . 

As  d e sc rib e d  in UC (20 21), t he  c he m ic a l- sp e c ific  t oxic okine t ic  p aram e te rs  ne e d e d  for 
re ve rse  d os im e t ry c a lc ula t ions  d e p e nd  on t he  m at rix in whic h t he  b iom arke r is  e va lua t e d . 
The  ke y p aram e te r for urinary b iom arke rs  is  t he  𝐸𝐸𝑑𝑑𝑑𝑑 (s e e  Eq uat ion 29 ). Whe n d a t a  a re  
ava ilab le  on m ult ip le  c he m ic a ls  in a  c las s , it  m ay b e  p oss ib le  t o  e xt rap ola t e  from  
c he m ic a ls  with ava ilab le  t oxic okine t ic  d a t a  t o  othe rs  without  suc h d at a . The  p re se nt  work 
use d  m ult ip le  anim al d a t a  sourc e s  on t oxic okine t ic s  of PHOP c he m ic a ls  t o  e s t im ate  𝐸𝐸𝑑𝑑𝑑𝑑 
va lue s  and  sup p ort e d  e xt rap ola t ion from  anim al d a t a  t o  hum an d a t a  us ing t oxic okine t ic  
d a t a  on low m ole c ular we ight  p htha la t e s  (whic h have  s im ila rly short  ha lf- live s  and  a re  
a lso e xc re t e d  in urine ). Base d  on t he  p htha la t e  d a t a , a  fac tor of 1 was  use d  t o t he  b e s t  
e s t im ate  for e xt rap ola t ing from  ra t  t o  hum an 𝐸𝐸𝑑𝑑𝑑𝑑 for a ll of t he  PHOPs , with in vit ro  
m e tab olism  d a t a  use d  for a  b ound ing ana lys is . (The  in vit ro  d at a  we re  not  use d  for t he  
p rim ary c a lc ula t ion b e c ause  t he y we re  of low q ualit y.) While  ra t  𝐸𝐸𝑑𝑑𝑑𝑑 d a t a  we re  ava ilb le  for 
ke y m e tab olit e s  of TDCIPP (BDCIPP) and  TCEP (BCEP), suc h d a t a  we re  ava ilab le  only for 
t ot a l e xc re t ion of TCIPP (p are nt  and  a ll m e t ab olit e s ). The  𝐸𝐸𝑑𝑑𝑑𝑑 b ase d  on t he  TCIPP 
m e tab olit e  ava ilab le  in NHANES (BCIPP) was  d e rive d  from  the  t ot a l TCIPP- b ase d  𝐸𝐸𝑑𝑑𝑑𝑑 and  
t he  ra t io of t he  𝐸𝐸𝑑𝑑𝑑𝑑 for t he  ke y m e tab olit e  t o  t ha t  for t ot a l e xc re t ion for the  othe r two 
PHOPs . For ad d it iona l d e t a ils  in ge ne ra l and  sp e c ific  t o  t he  p re se nt  work, re fe r t o  UC 
(20 21) and  UC (20 23), re sp e c t ive ly. 

3.5.3. Input Data for Approach  4 
The  p re se nt  work use d  urine  b iom onitoring d a ta  from  NHANES (c yc le s  from  20 11– 20 12, 
20 13– 20 14 , 20 15– 20 16 , 20 17– 20 18 , 20 17– 20 20 ; high- le ve l d a t a  a re  p re se nt e d  he re , and  
t he  full p re se nt a t ion is  in UC (20 23)) and  b oth urine  and  b lood  b iom onitoring d a t a  from  
p ub lishe d  lit e ra ture  (se e  UC (20 23)). 

All othe r m od e ling inp ut s  a re  shown in Tab le  4 . 

Table  4. Input Values Used for Approach  4. 
Symbol  Variable  Value Value (Reference)  

𝐸𝐸𝑑𝑑𝑑𝑑 Frac t iona l urina ry e xc re t ion 0 .23, BDCPP (TDCPP) 
0 .13, BCEP (TCEP) 
0 .23, BCPP (TCPP) 
0 .58 , BCIPP & BCIPHIPP 
(TCIPP) 
0 .35 , BCIPHIPP (TCIPP) 

Lynn e t  a l. (19 8 1); Nom e ir e t  a l. (19 8 1) 
Burka  e t  a l. (19 9 1) 
Mine gishi e t  a l. (19 8 8 ); ad jus t e d  
b ase d  on Lynn e t  a l. (19 8 1) and  Burka  
e t  a l. (19 9 1) 
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Symbol  Variable  Value Value (Reference)  

𝑈𝑈𝐸𝐸𝑅𝑅 Urinary flow ra t e  (a lso re fe rre d  
to  as  urine  volum e ) 

Ca lc ula t e d  on an 
ind ivid ua l b as is  for e ac h 
sub je c t  in NHANES, p e r 
NHANES guid e line s  
(L/d ay) 

e .g., 
ht t p s :/ /wwwn.c d c .gov/Nc hs /Nhane s /
20 11-
20 12/UCFLOW_ G.htm # Analyt ic _ Not
e s   

𝐵𝐵𝐵𝐵 Bod y we ight  Ind ivid ua l b od y we ight  
from  NHANES (kg) 

e .g., 
ht t p s :/ /wwwn.c d c .gov/Nc hs /Nhane s /
20 11- 20 12/BMX_ G.htm   

𝐼𝐼𝐶𝐶𝐶𝐶 Int rac las s  c orre la t ion 
c oe ffic ie nt  

0 .54 , BDCPP (TDCPP) 
0 .4 5 , BCEP (TCEP) 
0 .4 8 , BCPP (TCPP) 

Ave rage  of m any p ub lishe d  va lue s  
(UC, 20 23) 

 

4. Results  and Discussion  

4.1. Exposures Estimated from Mechanistic Models (Approach 1)  

4.1.1. Construction of Exposure Scenarios  
Commercial and consumer products where PHOPs are, have been, or may potentially be 
used were first identified using five data sources: (i) Interstate Chemicals Clearinghouse’s 
High Priority Chemicals Data System  (HPCDS); (ii) EPA’s Chemical Data Reporting (CDR) 
database; (iii) literature sources; (iv) patent data from PubChem ; and (v) UL’s Prospector  
database. Data from sources (i) through (iv) were already downloaded and made 
available in CPSC’s Market Use Report: Characterizing OFR Chemistries, Sources, and 
Uses in the U.S. and International Markets , Volumes 1 (Main Report) and 2 (Appendices) 
(IEc, 2022a; IEc, 2022b).  

Review of the five  data sources identified 27 PHOPs with a reported consumer product 
use that could be mapped to at least one of the 18  pre - defined exposure scenarios  
(these include potential product uses that were extrapolated based o n material - product 
relationships , in which  we erred on t he side of overinclusion to be co nservative ). A 28th  
chemical (CASRN 76649 - 15- 5) did  not have any product use s reported ; however,  given 
that it is an isomer of TCIPP and included in commercial mixtures with TCIPP at 
approximately 10% (U.S. EPA, 2015), we assigned this chemical to the same  exposure 
scenarios as TCIPP. In addition, of the 28 chemicals with use data, two were duplicates of 
others (115- 96 - 8 is the same as 29716 - 44- 7; 26248 - 87- 3 is the same as 1067 - 98- 7), 
resulting in a final count of 26 out of 40  PHOPs with reported uses. Table 5 shows the 
breakdown of chemical - scenario combinations identified  for  a total of 379 com binations  
across 26  chemicals . All scenarios ha d at least one chemical mapped to it , and 13 

https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/UCFLOW_G.htm#Analytic_Notes
https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/UCFLOW_G.htm#Analytic_Notes
https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/UCFLOW_G.htm#Analytic_Notes
https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/UCFLOW_G.htm#Analytic_Notes
https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/BMX_G.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2011-2012/BMX_G.htm
https://hpcds.theic2.org/
https://www.epa.gov/chemical-data-reporting
https://pubchem.ncbi.nlm.nih.gov/
http://www.ulprospector.com/
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c he m ic a ls  we re  m ap p e d  t o a ll s c e narios . Fourte e n of t he  40  PHOPs  d id  not  have  any use s  
re p orte d ; t he re fore , no e xp osure s  we re  c a lc ulat e d  for t he se  c he m ic a ls . 

For m od e ling p urp ose s , we  as sum e d  tha t  a ll PHOPs  we re  found  a t  t he  s am e  
c onc e nt ra t ion in a  sp e c ific  p rod uc t , and  we  d id  not  c ons id e r c o- oc c urre nc e  of m ult ip le  
PHOPs  in a  p rod uc t  (i.e ., we  d id  not  e s t im ate  tot a l e xp osure  ac ros s  PHOPs). Be c ause  t he  
p re d e fine d  e xp osure  sc e narios  c an b e  b road  c a t e gorie s  t ha t  c ap ture  m ore  t han one  
c onsum e r p rod uc t  (e .g., sm all hand - he ld  hard  and  soft  p las t ic  it e m s  [inc lud ing foam ] c an 
inc lud e  p las t ic  t oys , foam  b loc ks , e t c .), we  se le c t e d  one  re p re se nt a t ive  p rod uc t  for e ac h 
sc e nario and  b ase d  our CEM inp ut  p arame te rs  on t he  re p re se nt a t ive  p rod uc t . Tab le  6  
lis t s  e xam p le s  of p rod uc t s  t ha t  we re  id e nt ifie d  from  the  five  d a t a  sourc e s , t he  
re p re se nt a t ive  p rod uc t  s e le c te d , and  ke y CEM inp ut  p aram e te rs  use d  for e ac h sc e nario. 
In som e  c ase s , only ge ne ric  p rod uc t s  we re  id e nt ifie d  from  the  five  d a t a  sourc e s  (e .g., 
solid  wood ), and  we  use d  p rofe s s iona l jud gme nt  t o  as s ign a  re p re se nt a t ive  p rod uc t . For 
t he  full lis t  of CEM inp ut  p aram e te rs  use d , s e e  Ap p e nd ix A- 1. 

Aft e r re vie w of t he  p aram e te rize d  sc e narios , we  id e nt ifie d  one  ins t anc e  in whic h a  
s c e nario was  e xp and e d  into two sub - sc e narios  and  anothe r ins t anc e  in whic h two 
sc e narios  we re  c om b ine d : 

• Sc e nario # 8  (Textiles where contact and mediated exposure is likely  for children 
and adults ) was  b roke n out  into t he  following two sub - sc e narios : (i) # 8C for 
c lothing only and  (ii) # 8F for non- c lothing a rt ic le s . This  was  d one  t o re fle c t  t he  
d iffe re nc e  in d ura t ion of a rt ic le  c ont ac t , whe re in c lothing has  a  m uc h longe r 
d ura t ion t han non- c lothing a rt ic le s . 

• Sc e narios  # 14  (Prefabricated building insulation where mediated exposure is likely 
for children and adults ) and  # 15  (Custom site - applied building insulation where 
mediated exposure is likely for children and adults ) we re  c omb ine d  toge the r 
b e c ause  t he  CEM runs  d id  not  d iffe re nt ia t e  b e twe e n p re fab ric a t e d  insula t ion and  
s it e - ap p lie d  (e .g., sp ray) insula t ion. Sp ray foam  insula t ion is  a  sp e c ia l s c e nario in 
whic h e m p iric a l d a t a  was  ava ilab le  and  was  furt he r c ons id e re d  und e r Ap p roac h 2.  

This  re sult e d  in a  fina l c ount  of 384  c he m ic a l- sc e nario c om b ina t ions  for m od e ling. 
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Table  5. Chemical - scenario Combinations with Product Use Data . 
  Scenario #   

CASRN Chemical  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total  

78 - 4 3- 3 Tris (2,3- d ic hlorop rop yl)p hosp ha te  x x x x x x x x x x x x x x x x x x 18  

115- 9 6 - 8 a Tris (2- c hloroe thyl) p hosp ha te  x x x x x x x x x x x x x x -  x x x 17 

29 716 - 4 4 - 7a Tris (c hloroe thyl) p hosp ha te  x x x x x x x x x x x x x x X x x x 18  

115- 9 8 - 0  Bis (2- c hloroe thyl) vinylp hos p hona te  x x x X x x x x x x x x x x x x x x 18  

126 - 72- 7 Tris (2,3- d ib rom op rop yl) p hosp ha te  -  -  x x -  -  -  x -  x x x -  -  -  -  -  -  6  

14 0 - 0 8 - 9  Tris (2- c hloroe thyl) p hosp hit e  x x x x x x x x x x x x x x x x x x 18  

10 6 7- 9 8 - 7b Tris (3- c hlorop rop yl)p hosp ha te  x x x x x x x x x x x x x x x x x x 18  

26 24 8 - 8 7- 3b Tris (c hlorop rop yl)p hosp ha te  x x x x -  x x x x x x x -  -  -  -  -  -  11 

278 8 - 11- 6  Tris (2,4 d ib rom op he nyl) p hosp ha te  x x x x x x x x x -  -  -  -  x -  x -  x 12 

4 351- 70 - 6  Phosp honic  ac id , P- [1- [[(2- c hloroe thoxy)(2-
c hloroe thyl)p hosp hinyl]oxy]e thyl]- , 1- [b is (2-
c hloroe thoxy)p hosp hinyl]e t hyl 2- c hloroe thyl 
e s t e r 

x x x x x x x x x x x x x x x x -  x 17 

5324 - 12- 9  2,3- Dib rom op rop ylp hosp ha te  x x x x x x x x x x x x x x x x x x 18  

54 12- 25- 9  Bis (2,3- d ib rom op rop yl) hyd roge n p hosp ha te  x x x x x x x x x x x x x x x x x x 18  

6 14 5- 73- 9  Tris (2- c hlorop rop yl) p hosp ha te  x x x x x x x x x x x x x x x x -  x 17 

6 29 4 - 34 - 4  Bis (2- c hloroe thyl) 2- c hloroe thylp hosp hona te  x x x x x x x x x x x x x x x x x x 18  

6 74 9 - 73- 1 Tris (1,3- d ic hlorop rop an- 2- yl) p hosp hit e  x x x x x x -  -  -  x x x x -  -  x -  -  11 

70 4 6 - 6 4 - 2 Tris (2,4 ,6 - t rib rom op he nyl) p hosp ha te  x x x x x x x x x -  -  -  -  -  -  x x x 12 

136 74 - 8 4 - 5  Tris (2- c hloroisop rop yl)p hosp ha te  x x x x x x x x x x x x x x x x x x 18  

76 6 4 9 - 15- 5 c  (2- Chloro- 1- m e thyle thyl) b is (2- c hlorop rop yl) 
p hosp ha te  

x x x x x x x x x x x x x x x x x x 18  
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  Scenario #   

CASRN Chemical  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total  

136 74 - 8 7- 8  Tris (1,3- d ic hloro- 2- p rop yl) p hosp ha te  x x x x x x x x x x x x x x x x x x 18  

19 18 6 - 9 7- 1 Tris (t rib rom one op e ntyl)p hosp ha te  x x x x x x x -  -  -  -  -  -  -  -  -  -  -  7 

2756 8 - 9 0 - 7 Ethanol, 2b rom o, p hosp ha te  (3:1) x x x x x x -  x x x x x x x x x x x 17 

33125- 8 6 - 9  Phosp horic  ac id , 1,2- e thane d iyl t e t rakis (2-
c hloroe thyl) e s t e r 

x x x x x x x x x x x x x x x x x x 18  

356 5 6 - 0 1- 0  Tris (2b rom o4m e thylp he nyl) p hosp ha te  x x x x x x x x x x x -  -  x x x x x 16  

38 0 51- 10 - 4  Phosp horic  ac id , 2,2- b is (c hlorom e thyl)- 1,3-
p rop ane d iyl t e t rakis (2- c hloroe thyl) e s t e r 

-  -  x x -  x -  x x x x x -  -  -  -  -  -  8  

6 6 10 8 - 37- 0  2,2- Bis (b rom om e thyl)- 3- c hlorop rop yl b is [2-
c hloro- 1- (c hlorom e thyl)e thyl] p hosp ha te  

x x x x x x -  x x -  -  -  -  -  -  x -  -  9  

76 0 25- 0 8 - 6  Bis (2- c hloro- 1- m e thyle thyl) 2- c hlorop rop yl 
p hosp ha te  

-  -  -  -  -  -  -  -  -  x x x -  x -  -  x x 6  

8 4 28 2- 27- 9  2Brom oe thyl 5b rom op e ntyl 2c hloroe thyl 
p hosp ha te  

x x x x x x -  -  -  -  -  -  -  -  -  x -  -  7 

4 0 120 - 74 - 9  Tris (1,3- d ic hlorop rop yl)p hos p ha te  x x x x x x x x x x x x x x x x x x 18  

26 6 0 4 - 51- 3 Tris (d ic hlorop rop yl) p hosp ha te  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

34 4 32- 8 2- 1 Bis (2,3- d ib rom op rop yl) hyd roge n p hosp ha te –
am m onia  (1/1) 

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

36 711- 31- 6  Bis (2,3- d ib rom op rop yl) p hosp ha te , m agne s ium  
sa lt  

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

4 9 6 9 0 - 6 3- 3 Tris (d ib rom op he nyl) p hosp ha te  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

534 6 1- 8 2- 8  Die thyle ne  glyc ol b is [b is (2-
c hloroe thyl)p hosp ha te ] 

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

6 10 9 0 - 8 9 - 9  2,4 ,8 ,10 - Te t raoxa- 3,9 -
d ip hosp hasp iro[5 .5]und e c ane , 3,9 - b is [3- b rom o-
2,2- b is (b rom om e thyl)p rop oxy]- , 3,9 - d ioxid e  

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  
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  Scenario #   

CASRN Chemical  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total  

6 4 8 6 4 - 0 8 - 0  Sod ium  b is (2,3- d ib rom op rop yl) p hosp ha te  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

6 6 519 - 18 - 4  p otass ium  b is (2,3- d ib rom op rop yl) p hosp ha te  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

72236 - 72- 7 Bis (1,3- d ic hlorop rop an- 2- yl) hyd roge n p hosp ha te  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

9 8 9 23- 4 8 - 9  4 - Brom o- 2- c hlorob utyl 3- b rom o- 2,2-
d im e thylp rop yl p hosp ha te  

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

1259 9 7- 20 - 8  Phosp horic  ac id , m ixe d  3- b rom o- 2,2-
d im e thylp rop yl and  2- b rom oe thyl and  2-
c hloroe thyl e s t e rs  

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

10 4 76 37- 37- 5  2,2- Bis (c hlorom e thyl)- 1,3- p rop ane d iyl t e t rakis (1-
c hloro- 2- p rop anyl) b is (p hosp ha te ) 

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

137334 6 - 9 0 - 7 d im e thyl {[(4 ,6 - d ic hloro- 1,3,5 - t riazin- 2-
yl)oxy]m e thyl}p hosp hona te  

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

34 6 21- 9 9 - 3 Te t rakis (1- c hlorop rop an- 2- yl) e thane - 1,2- d iyl 
b is (p hosp ha te ) 

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  0  

-  = no p rod uc t  use s  we re  id e nt ifie d . 
a115- 9 6 - 8  is  t he  sam e  c he m ic a l a s  29 716 - 4 4 - 7. 
b26 24 8 - 8 7- 3 is  t he  sam e  c he m ic a l a s  10 6 7- 9 8 - 7. 
c76 6 4 9 - 15- 5  d id  not  have  any p rod uc t  use s  re p ort e d ; howe ve r, give n it  is  an isom e r of 136 74 - 8 4 - 5  and  inc lud e d  in c om m e rc ia l m ixture s  with 136 74 - 8 4 - 5  
a t  ap p roxim ate ly 10 %, the  sam e  e xp osure  sc e narios  we re  as s igne d . 
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Table  6. Key Parameters Used in CEM Runs.  
#  Scenario  Examples of Products Identified  Representative 

Product  
Use 

Environment  
Surface 
Area of 
Product  

(m 2) 

Duration of 
Contact a 

(min)  

1 Hand he ld  e le c t ronic  c as ings  (or ap p lianc e s ) whe re  
c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Sm artp hone s ; ha rd  p olym e r 
c as ings  of e le c t ronic  p rod uc t s ; 
he a t  se a le rs ; e le c t ric a l and  
e le c t ronic  d e vic e s  

Tab le t   Living room  0 .12 120  

2 Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Te le vis ions ; ha rd  p olym e r c as ings  
of e le c t ronic  p rod uc t s ; e le c t ric a l 
and  e le c t ronic  d e vic e s  

Te le vis ion Living room  2.3 0  

3 Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  
(inc lud ing foam ) whe re  c ontac t  and  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s   

Soft / ha rd  p las t ic  t oys ; b ab y 
p rod uc t s ; a rt s / c ra ft s  va rie ty p ac ks  

Toy b loc k Living room  0 .0 35  120  

4  Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  
(inc lud ing foam ) whe re  inc id e nta l 
inge s t ion/ swallowing e xp osure  is  like ly for c hild re n 
and  ad ult s  

Soft / ha rd  p las t ic  t oys ; b ab y 
p rod uc t s ; a rt s / c ra ft s  va rie ty p ac ks  

Toy food  Living room  0 .0 0 5 6 0  

5  Sm all hand - he ld  rub b e r it e m s  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Rub b e r t oys ; a rt s / c ra ft s  va rie ty 
p ac ks  

Rub b e r b a ll Living room  0 .0 2 30  

6  Large  s t a t ionary ha rd  and  soft  p las t ic  it e m s  
(inc lud ing foam  and  rub b e r) whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Plas t ic  and  rub b e r p rod uc t s  not  
c ove re d  e lse whe re ; b ab y c arrie rs ; 
highc ha irs  

Ind oor 
p layhouse  

Living room  8 .5  0  

7 We arab le  p las t ic , rub b e r, or foam  c lothing and  
c lothing ac c e ssorie s  whe re  c ontac t  and  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Role  p lay –  
house ke e p ing/ga rd e ning/DIY toys  
t e xt ile s  

Plas t ic  ra inc oa t  Be d room  1.2 6 0  

8 C Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Clothing Clothing Be d room  1.2 9 6 0  

8 F Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Car se a t s ; b ab y c a rrie rs ; nurs ing 
p illows  

Car se a t  Autom ob ile  1 6 0  
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#  Scenario  Examples of Products Identified  Representative 
Product  

Use 
Environment  

Surface 
Area of 
Product  

(m 2) 

Duration of 
Contact a 

(min)  

9  Te xt ile s  whe re  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Curt a ins ; c am p ing t e nt s ; wa llp ap e r Curt a ins  Be d room  2.8  0  

10  Port ab le  and  s t a t ionary furnishings  whe re  c ontac t  
and  m e d ia t e d  e xp osure  is  like ly for c hild re n and  
ad ult s  

Up hols t e re d  furniture ; c a r se a t s  Sofa  c ha ir Living room  5  120  

11 Mat t re s se s  and  m at t re s s  t op p e rs  whe re  c ontac t  
and  m e d ia t e d  e xp osure  is  like ly for c hild re n and  
ad ult s  

Mat t re s se s  Ad ult  and  
c hild re n’s  
m at t re s s  

Be d room  3 4 8 0  

12 Infant  nap  p ad s  whe re  c ontac t  and  m e d ia t e d  
e xp osure  is  like ly for c hild re n 

Nap  m at s  Nap  m at  Be d room  1 9 0  

13 Foam  c arp e t  b ac king, c a rp e t ing, or ha rd  surfac e  
flooring whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Carp e t s ; ha rd / lam ina t e  flooring Flooring  Whole  house  20 0  18 0  

14 /
15  

Pre fab ric a t e d  and  c us tom  s it e - ap p lie d  b uild ing 
insula t ion whe re  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Insula t ing foam ; e xp and e d  
p olys tyre ne  (EPS); e xt rud e d  
p olys tyre ne  (XPS) 

Insula t ion Whole  house  10 0  0  

16  Coa t ings , ad he s ive s , s e a lant s , and  e las tom e rs  for 
b uild ing m ate ria ls  whe re  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Ad he s ive s  and  se a lant s ; la t e x p a int  Coa t ing Whole  house  50  0  

17 Othe r t a sk- b ase d  re nova t ion, re p a ir, or 
re furb ishm e nt  of an e xis t ing e xp osure  sc e nario 

Bloc kb oard ; p a rt ic le b oard ; 
fib e rb oard ; c ons t ruc t ion m ate ria ls  

Furniture  c he s t  Garage  3.5  0  

18  Large  s t a t ionary wood e n (and  othe r m ate ria ls  not  
c ove re d  e lse whe re ) s t ruc ture s  whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Solid  wood  (va rnishe d ); m ult ilaye r 
solid  wood ; wood  and  e ngine e re d  
wood  p rod uc t s  

Large  b ookc ase  Living room  18  0  

aDura t ion of a rt ic le  c ontac t  was  e s t im a te d  us ing p rofe ss iona l jud gm e nt . 
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4.1.2. Doses by Individual Scenario  
Chronic  ave rage  d a ily d ose  (CADD) for a ll s c e narios , as  e s t im ate d  b y CEM, are  ava ilab le  in 
Ap p e nd ix A- 2 b y c he mic a l. Be c ause  a ll s c e narios  a re  c onsum e r a rt ic le s  t ha t  a re  p re se nt  
in t he  house  for long d ura t ions , only CADDs  are  p re se nte d . All m od e l runs  we re  
c ond uc t e d  us ing a  c he m ic a l we ight  frac t ion of 0 .1% (e q ual t o  1,0 0 0  p p m  or 1 m g/g). The  
0 .1% va lue  was  s e le c t e d  t o d iffe re nt ia t e  b e twe e n int e nt iona l ad d it ion of OFRs  ve rsus  
im p urit ie s  d uring p rod uc t ion (St ap le ton e t  a l., 20 11). We  use d  t he  s ame  we ight  frac t ion for 
a ll c he m ic a l- p rod uc t  c om b ina t ions  b e c ause  (i) we ight  frac t ion d a t a  we re  not  ava ilab le  for 
m os t  c he m ic a l- p rod uc t  c om b ina t ions  m od e le d , (ii) for c he m ic a ls  with re p ort e d  we ight  
frac t ions , t he  va lue s  c ould  vary wid e ly, and  (iii) a  s e ns it ivit y ana lys is  s howe d  tha t  d ose s  
varie d  line arly with we ight  frac t ion, and  t he re fore , t he  re sult s  a t  0 .1% c ould  b e  sc a le d  as  
ne e d e d  in future  ana lyse s  t ha t  c ons id e r variab ilit y in OFR c onc e nt ra t ion in p rod uc t s  ove r 
t im e  (se e  Se c t ion 4 .1.5). Sp e c ific a lly, as  an e xam p le  of t he  varying we ight  frac t ions  
re p orte d , of t he  s t ud ie s  id e nt ifie d  in our foc use d  lit e ra ture  re vie w, TDCIPP c onc e nt ra t ions  
in furnit ure  foam  varie d  as  follows : 0 .11%– 4 .35% for a rit hm e t ic  me ans  (Harrad  e t  a l., 20 23; 
St ap le ton e t  a l., 20 12), 0 .0 0 13%– 0 .0 0 24% for m e d ians  (Harrad  e t  a l., 20 23), and  1.9 9 % for 
ge ome t ric  m e an (Hamm e l e t  a l., 20 17). 

Us ing TDCIPP as  an e xam p le  c he m ic a l, Tab le  7 p rovid e s  t he  t ot a l d e rm al, inge s t ion, and  
inha la t ion d ose s  for ad ult s  and  3- 5  ye ar old s  b y sc e nario. For a  b re akd own b y t he  
ind ivid ua l d e rm al/ inge s t ion p a thways  (or b re akd own of inha la t ion b y gas  and  p art ic ula t e  
p hase ), se e  Ap p e nd ix A- 2. 

Table  7. Chronic Average Daily Dose s (mg/kg/day)  of TDCIPP for the 18 Consumer Exposure 
Scenarios for Adults and 3- 5 Year Olds as Estimated by CEM . 

#  Scenario  Receptor  Dermal  Ingestion  Inhalation  

1 Hand he ld  e le c t ronic  c as ings  (or ap p lianc e s ) whe re  
c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Ad ult  9 .15E- 0 4  2.59 E- 0 8  1.31E- 0 6  

 3– 5  yrs  1.4 7E- 0 3 3.6 6 E- 0 2 3.8 7E- 0 6  

2 Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  8 .32E- 0 9  4 .11E- 0 7 2.50 E- 0 5  

 3– 5  yrs  1.34 E- 0 8  5 .8 8 E- 0 6  7.4 1E- 0 5  

3 Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  9 .14 E- 0 4  1.0 9 E- 0 8  3.8 3E- 0 7 

 3– 5  yrs  1.4 7E- 0 3 3.6 6 E- 0 2 1.13E- 0 6  

4  Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  inc id e nta l inge s t ion/ swallowing e xp osure  
is  like ly for c hild re n 

Ad ult  6 .30 E- 0 4  5 .59 E- 0 9  5 .6 4 E- 0 8  

 3– 5  yrs  1.0 1E- 0 3 3.6 6 E- 0 2 1.6 7E- 0 7 

5  Sm all hand - he ld  rub b e r it e m s  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  4 .4 0 E- 0 4  8 .24 E- 0 9  2.20 E- 0 7 

 3– 5  yrs  7.0 7E- 0 4  3.6 6 E- 0 2 6 .50 E- 0 7 
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#  Scenario  Receptor  Dermal  Ingestion  Inhalation  

6  Large  s t a t ionary ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam  and  rub b e r) whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  3.0 7E- 0 8  1.50 E- 0 6  9 .25E- 0 5  

 3– 5  yrs  4 .9 4 E- 0 8  2.16 E- 0 5  2.74 E- 0 4  

7 We arab le  p las t ic , rub b e r, or foam  c lothing and  c lothing 
ac c e ssorie s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Ad ult  2.54 E- 0 2 2.0 3E- 0 7 1.36 E- 0 5  

 3– 5  yrs  4 .22E- 0 2 3.6 6 E- 0 2 4 .0 3E- 0 5  

8 C Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  (e .g., c lothing) 

Ad ult  1.25E- 0 1 2.0 3E- 0 7 1.36 E- 0 5  

 3– 5  yrs  2.0 7E- 0 1 3.6 6 E- 0 2 4 .0 3E- 0 5  

8 F Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  (e .g., c a r se a t s ) 

Ad ult  7.0 0 E- 0 3 9 .6 5E- 0 8  6 .21E- 0 6  

 3– 5  yrs  1.16 E- 0 2 3.6 6 E- 0 2 1.8 4 E- 0 5 

9  Te xt ile s  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Ad ult  1.0 5E- 0 8  4 .6 8 E- 0 7 3.17E- 0 5  

 3– 5  yrs  1.6 9 E- 0 8  6 .70 E- 0 6  9 .4 0 E- 0 5  

10  Port ab le  and  s t a t ionary furnishings  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  9 .4 9 E- 0 3 8 .8 7E- 0 7 5 .4 4 E- 0 5  

 3– 5  yrs  1.58 E- 0 2 3.6 6 E- 0 2 1.6 1E- 0 4  

11 Mat t re s se s  and  m at t re s s  t op p e rs  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  8 .20 E- 0 2 5 .0 1E- 0 7 3.4 0 E- 0 5  

 3– 5  yrs  1.36 E- 0 1 3.6 6 E- 0 2 1.0 1E- 0 4  

12 Infant  nap  p ad s  whe re  c ontac t  and  m e d ia t e d  e xp osure  
is  like ly for c hild re n 

Ad ult  3.14 E- 0 2 1.70 E- 0 7 1.13E- 0 5  

 3– 5  yrs  5 .21E- 0 2 3.6 6 E- 0 2 3.36 E- 0 5  

13 Foam  c arp e t  b ac king, c a rp e t ing, or ha rd  surfac e  
flooring whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  5 .26 E- 0 3 8 .52E- 0 5  2.79 E- 0 3 

 3– 5  yrs  8 .4 5E- 0 3 3.78 E- 0 2 8 .25E- 0 3 

14 /
15  

Build ing ins ula t ion whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  2.31E- 0 7 4 .27E- 0 5  1.39 E- 0 3 

3– 5  yrs  3.72E- 0 7 6 .12E- 0 4  4 .12E- 0 3 

16  Coa t ings , ad he s ive s , s e a lant s , and  e las tom e rs  for 
b uild ing m ate ria ls  whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  2.31E- 0 7 2.13E- 0 5  6 .9 6 E- 0 4  

 3– 5  yrs  3.72E- 0 7 3.0 5E- 0 4  2.0 6 E- 0 3 

17 Othe r t a sk- b ase d  re nova t ion, re p a ir, or re furb ishm e nt  
of an e xis t ing e xp osure  sc e nario 

Ad ult  1.19 E- 0 8  7.0 2E- 0 7 3.58 E- 0 5  

 3– 5  yrs  1.9 1E- 0 8  1.0 1E- 0 5  1.0 6 E- 0 4  

18  Large  s t a t ionary wood e n (and  othe r m ate ria ls  not  
c ove re d  e lse whe re ) s t ruc ture s  whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  6 .51E- 0 8  3.18 E- 0 6  1.9 6 E- 0 4  

 3– 5  yrs  1.0 5E- 0 7 4 .56 E- 0 5  5 .8 0 E- 0 4  

Aggre ga t e  ac ross  a ll s c e narios  Ad ult  2.8 8 E- 0 1 1.58 E- 0 4  5 .39 E- 0 3 

  3– 5  yrs  4 .78 E- 0 1 4 .0 4 E- 0 1 1.6 0 E- 0 2 
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4.1.3. Aggregate Consumer Exposures  
For t he  p urp ose s  of c om p aring e xp osure s  ac ros s  t he  four d iffe re nt  ap p roac he s , we  
d e t e rm ine d  an aggre gat e  c onsum e r e xp osure  va lue  ac ros s  a ll s c e narios  us ing two 
m e thod s . In t he  firs t  me thod , whic h we  re fe r to  as  “unad jus t e d ,” we  sum m e d  the  d ose s  
b y p a thway ac ros s  a ll sc e narios  for e ac h c he mic a l- age  group  c omb ina t ion (s e e  las t  row 
in Tab le  7). This  re p re se nt s  t he  m axim um  p oss ib le  d ose  b ut  is  unre a lis t ic  b e c ause  it  is  
unlike ly t ha t  a  p e rson would  b e  e xp ose d  t o e ve ry s c e nario. It  a lso id e nt ifie d  m od e l 
d e fault s  t ha t  c ould  b e  re fine d  t o b e t t e r re p re se nt  t he  range  of p op ulat ion e xp osure s .  

In t he  s e c ond  m e thod , whic h we  re fe r t o  as  “ad jus t e d ,” we  inc orp ora te d  se ve ra l 
ad jus tm e nt  fac tors  t o  d e t e rm ine  a  re asonab le  p op ula t ion e xp osure . A re vie w of t he  d ose s  
id e nt ifie d  m outhing (A_ ING2) and  d ire c t  d e rm al c ont ac t  (A_ DER2) as  two p a thways  in 
whic h t he  inp ut s  re q uire d  a  c lose r e xam inat ion. For m outhing, we  c om p are d  t he  m outhing 
e xp osure s  e s t im ate d  b y CEM with t hose  c a lc ula t e d  from  e mp iric a l me asure m e nt s  
(Ap p roac h 2, s e e  Se c t ion 4 .2.1). For t he  PHOP c las s , t he re  was  a  c le ar d iffe re nc e  in t he  
m igra t ion ra t e s  into s a liva  and  m outhing d ura t ions  b e twe e n t he  two ap p roac he s . The  
ra t io of t he  m igra t ion ra t e  into s a liva  use d  in CEM to e m p iric a l m e asure m e nt s  was  
d e p e nd e nt  on t he  c he m ic a l and  c ould  b e  c a te gorize d  into t hre e  t ie rs . For Tie r 1 
c he m ic a ls , t he  ra t io was  ap p roxim ate ly a  fac tor of 9 0 0  highe r, whe re as  for Tie rs  2 and  3, 
t he  ra t io was  highe r b y 2,250  and  9 ,0 0 0 , re sp e c t ive ly (se e  Ap p e nd ix A- 3 for furt he r 
d e t a ils  on t he  d e riva t ion of t he  ad jus tm e nt  fac tors  and  t he  c he m ic a ls  t ha t  fa ll und e r e ac h 
t ie r). For mouthing d ura t ions , a  c om p arison of t he  d ura t ions  use d  in t he  CEM runs  with 
e m p iric a l m outhing d ura t ions  from  an ob se rva t iona l s t ud y (Gre e ne  20 0 2) showe d  tha t  
t he  CEM value s  we re  ap p roxim ate ly a  fac tor of 2 highe r. Com b ining the se  fac tors  re sult s  
in an ove ra ll m outhing ad jus tm e nt  fac tor of 1,80 0 , 4 ,50 0 , and  18 ,0 0 0  for Tie r 1, 2, and  3 
c he m ic a ls , re sp e c t ive ly.  

For d ire c t  d e rm al c ontac t , we  use d  p rofe s s iona l jud gm e nt  t o  e s t im ate  an ad jus tm e nt  
fac tor t ha t  would  t ake  into ac c ount  t he  following: (i) t he  CEM- m od e le d  sc e narios  use d  
d e fault  surfac e  a re as  of “whole  b od y,” “ha lf b od y,” “q uarte r b od y,” e tc ., whe re as  t he  
ac tua l surfac e  a re a  in c ont ac t  with t he  a rt ic le  c ould  p ot e nt ia lly b e  lowe r; (ii) t he  a rt ic le  
m ay not  b e  c ont inuous ly in c ont ac t  with skin, and  t he re fore , ac tua l d ura t ion of a rt ic le  
c ont ac t  c ould  p ote nt ia lly b e  lowe r; and  (iii) t he  CEM- m od e le d  d ose s  d o not  inc orp ora t e  a  
los s  m e c hanism  suc h as  hand washing or showe ring. It  is  p os s ib le  t o  ad jus t  c he m ic a l-  and  
p rod uc t - sp e c ific  d e fault s  t o  b e t t e r re fle c t  t he se  ad d it iona l c ons id e rat ions . Howe ve r, in 
t he  int e rim , ad jus tm e nt  fac tors  of 5 , 5 , and  10  we re  ap p lie d  t o re fle c t  t he  d iffe re nc e  
b e twe e n m od e le d  and  ac tua l e xp ose d  surfac e  skin a re a , t he  d iffe re nc e  b e twe e n m od e le d  
and  ac tua l d ura t ion of a rt ic le  c ont ac t , and  t he  lac k of los s  m e c hanism  (e .g., hand washing, 
showe ring), re sp e c t ive ly. Take n t oge the r, an ove ra ll ad jus tm e nt  fac tor of 250  was  ap p lie d  
t o t he  A_ DER2 re sult s  t o  d e t e rm ine  a  re asonab le  p op ula t ion e s t im ate . The  t ot a l d e rm al, 
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inge s t ion, and  inha la t ion d ose s  a ft e r t he  ad jus tm e nt s  for m outhing and  d ire c t  d e rm al 
c ont ac t  a re  shown in Tab le  8  b y sc e nario for TDCIPP. 

Table  8. Chronic Average Daily Doses (mg/kg/day) of TDCIPP for the 18  Consumer Exposure 
Scenarios for Adults and 3 - 5 Year Olds as Estimated by CEM with  Adjustment Factors for 
Mouthing and Direct Dermal Contact.  

#  Scenario  Receptor  Dermal  Ingestion  Inhalation  

1 Hand he ld  e le c t ronic  c as ings  (or ap p lianc e s ) whe re  
c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Ad ult  4 .8 7E- 0 6  2.59 E- 0 8  1.31E- 0 6  

 3– 5  yrs  7.8 1E- 0 6  8 .4 9 E- 0 6  3.8 7E- 0 6  

2 Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  8 .32E- 0 9  4 .11E- 0 7 2.50 E- 0 5  

 3– 5  yrs  1.34 E- 0 8  5 .8 8 E- 0 6  7.4 1E- 0 5  

3 Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  4 .16 E- 0 6  1.0 9 E- 0 8  3.8 3E- 0 7 

 3– 5  yrs  6 .6 7E- 0 6  8 .28 E- 0 6  1.13E- 0 6  

4  Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam ) whe re  inc id e nta l inge s t ion/ swallowing e xp osure  
is  like ly for c hild re n 

Ad ult  2.77E- 0 6  5 .59 E- 0 9  5 .6 4 E- 0 8  

 3– 5  yrs  4 .4 4 E- 0 6  8 .20 E- 0 6  1.6 7E- 0 7 

5  Sm all hand - he ld  rub b e r it e m s  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  2.12E- 0 6  8 .24 E- 0 9  2.20 E- 0 7 

 3– 5  yrs  3.4 1E- 0 6  8 .24 E- 0 6  6 .50 E- 0 7 

6  Large  s t a t ionary ha rd  and  soft  p las t ic  it e m s  (inc lud ing 
foam  and  rub b e r) whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  3.0 7E- 0 8  1.50 E- 0 6  9 .25E- 0 5  

 3– 5  yrs  4 .9 4 E- 0 8  2.16 E- 0 5  2.74 E- 0 4  

7 We arab le  p las t ic , rub b e r, or foam  c lothing and  c lothing 
ac c e ssorie s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n and  ad ult s  

Ad ult  4 .71E- 0 4  2.0 3E- 0 7 1.36 E- 0 5  

 3– 5  yrs  7.8 3E- 0 4  1.10 E- 0 5  4 .0 3E- 0 5  

8 C Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  (e .g., c lothing) 

Ad ult  9 .56 E- 0 4  2.0 3E- 0 7 1.36 E- 0 5  

 3– 5  yrs  1.59 E- 0 3 1.10 E- 0 5  4 .0 3E- 0 5  

8 F Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  (e .g., c a r se a t s ) 

Ad ult  7.6 4 E- 0 4  9 .6 5E- 0 8  6 .21E- 0 6  

 3– 5  yrs  1.27E- 0 3 9 .33E- 0 6  1.8 4 E- 0 5 

9  Te xt ile s  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Ad ult  1.0 5E- 0 8  4 .6 8 E- 0 7 3.17E- 0 5  

 3– 5  yrs  1.6 9 E- 0 8  6 .70 E- 0 6  9 .4 0 E- 0 5  

10  Port ab le  and  s t a t ionary furnishings  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  4 .52E- 0 4  8 .8 7E- 0 7 5 .4 4 E- 0 5  

 3– 5  yrs  7.52E- 0 4  2.0 8 E- 0 5 1.6 1E- 0 4  

11 Mat t re s se s  and  m at t re s s  t op p e rs  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  1.37E- 0 3 5 .0 1E- 0 7 3.4 0 E- 0 5  

 3– 5  yrs  2.28 E- 0 3 1.53E- 0 5  1.0 1E- 0 4  

12 Infant  nap  p ad s  whe re  c ontac t  and  m e d ia t e d  e xp osure  
is  like ly for c hild re n 

Ad ult  4 .39 E- 0 4  1.70 E- 0 7 1.13E- 0 5  

 3– 5  yrs  7.29 E- 0 4  1.0 6 E- 0 5  3.36 E- 0 5  
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#  Scenario  Receptor  Dermal  Ingestion  Inhalation  

13 Foam  c arp e t  b ac king, c a rp e t ing, or ha rd  surfac e  
flooring whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  4 .12E- 0 3 8 .52E- 0 5  2.79 E- 0 3 

 3– 5  yrs  6 .6 2E- 0 3 1.23E- 0 3 8 .25E- 0 3 

14 /
15  

Build ing ins ula t ion whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  2.31E- 0 7 4 .27E- 0 5  1.39 E- 0 3 

3– 5  yrs  3.72E- 0 7 6 .12E- 0 4  4 .12E- 0 3 

16  Coa t ings , ad he s ive s , s e a lant s , and  e las tom e rs  for 
b uild ing m ate ria ls  whe re  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Ad ult  2.31E- 0 7 2.13E- 0 5  6 .9 6 E- 0 4  

 3– 5  yrs  3.72E- 0 7 3.0 5E- 0 4  2.0 6 E- 0 3 

17 Othe r t a sk- b ase d  re nova t ion, re p a ir, or re furb ishm e nt  
of an e xis t ing e xp osure  sc e nario 

Ad ult  1.19 E- 0 8  7.0 2E- 0 7 3.58 E- 0 5  

 3– 5  yrs  1.9 1E- 0 8  1.0 1E- 0 5  1.0 6 E- 0 4  

18  Large  s t a t ionary wood e n (and  othe r m ate ria ls  not  
c ove re d  e lse whe re ) s t ruc ture s  whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  6 .51E- 0 8  3.18 E- 0 6  1.9 6 E- 0 4  

 3– 5  yrs  1.0 5E- 0 7 4 .56 E- 0 5  5 .8 0 E- 0 4  

Aggre ga t e  ac ross  a ll s c e narios  Ad ult  8 .59 E- 0 3 1.58 E- 0 4  5 .39 E- 0 3 

  3– 5  yrs  1.4 0 E- 0 2 2.35E- 0 3 1.6 0 E- 0 2 

 

In ad d it ion t o t he  ad jus tm e nt  fac tors  not e d  ab ove , we  a lso inc orp ora te d  two sc e nario 
p rob ab ilit ie s  (se e  Tab le  9 ). The  firs t  is  t he  p rob ab ilit y t ha t  t he  c onsum e r p rod uc t  is  
p re se nt  in a  house hold , and  t he  s e c ond  re fle c t s  t he  p rob ab ilit y t ha t  t he  p rod uc t  c ont a ins  
an OFR in t he  s am e  sub c las s  (i.e ., in t his  c ase , the  p rob ab ilit y it  c ont a ins  a  PHOP). Be c ause  
t he se  p rob ab ilit ie s  we re  b ase d  on p rofe ss iona l jud gm e nt , we  use d  only high- m e d ium - low 
(c orre sp ond ing t o 0 .9 , 0 .5 , and  0 .1, re sp e c t ive ly) for t he  firs t  p rob ab ilit y and  highe r- lowe r 
(c orre sp ond ing t o 0 .5  and  0 .1, re sp e c t ive ly) for t he  s e c ond  p rob ab ilit y. Give n t he re  a re  14  
sub c las se s  of OFRs  and  a lso FRs  t ha t  a re  not  OFRs, t he  “highe r” for the  s e c ond  p rob ab ilit y 
was  s e t  t o  0 .5  t o re fle c t  t he  d ive rs it y of p ote nt ia l flam e  re t a rd ant  form ula t ions  in 
c onsum e r p rod uc t s . The  p rod uc t  of t he  two p rob ab ilit ie s  t he n give s  the  p rob ab ilit y of t he  
c onsum e r p rod uc t  b e ing in a  house hold  and  c ont a ining a  PHOP.  

Table  9. Probability of Household Occurrence and Probability That a Product Contains an OFR in 
the Same Subclass , Based on  Professional Judgment.  

#  Scenario  Representative 
Product a 

Probability 
of 

Household 
Occurrence  

Probability  
That It  

Contains 
PHOP  

1 Hand he ld  e le c t ronic  c as ings  (or ap p lianc e s ) whe re  c ontac t  
and  m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Tab le t   High Lowe r 

2 Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Te le vis ion High Lowe r 
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#  Scenario  Representative 
Product a 

Probability 
of 

Household 
Occurrence  

Probability  
That It  

Contains 
PHOP  

3 Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing foam ) 
whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s   

Toy b loc k High Highe r 

4  Sm all hand - he ld  ha rd  and  soft  p las t ic  it e m s  (inc lud ing foam ) 
whe re  inc id e nta l inge s t ion/ s wallowing e xp osure  is  like ly for 
c hild re n 

Toy food  Low Highe r 

5  Sm all hand - he ld  rub b e r it e m s  whe re  c ontac t  and  m e d ia t e d  
e xp osure  is  like ly for c hild re n and  ad ult s  

Rub b e r b a ll Low Lowe r 

6  Large  s t a t ionary ha rd  and  soft  p las t ic  it e m s  (inc lud ing foam  
and  rub b e r) whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Ind oor 
p layhouse  

Low Lowe r 

7 We arab le  p las t ic , rub b e r, or foam  c lothing and  c lothing 
ac c e ssorie s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  

Plas t ic  
ra inc oa t  

Me d ium  Lowe r 

8 C Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Clothing High Highe r 

8 F Te xt ile s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Car se a t  Me d ium  Highe r 

9  Te xt ile s  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n and  
ad ult s  

Curt a ins  High Highe r 

10  Port ab le  and  s t a t ionary furnishings  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Sofa  c ha ir High Highe r 

11 Mat t re s se s  and  m at t re s s  t op p e rs  whe re  c ontac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Ad ult  and  
c hild re n’s  
m at t re s s  

High Highe r 

12 Infant  nap  p ad s  whe re  c ontac t  and  m e d ia t e d  e xp osure  is  
like ly for c hild re n 

Nap  m at  Low Highe r 

13 Foam  c arp e t  b ac king, c a rp e t ing, or ha rd  surfac e  flooring 
whe re  c ontac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s  

Flooring  High Highe r 

14 /
15  

Pre fab ric a t e d  and  c us tom  s it e - ap p lie d  b uild ing insula t ion 
whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s  

Insula t ion High Highe r 

16  Coa t ings , ad he s ive s , s e a lant s , and  e las tom e rs  for b uild ing 
m ate ria ls  whe re  m e d ia t e d  e xp osure  is  like ly for c hild re n and  
ad ult s  

Coa t ing High Lowe r 

17 Othe r t a sk- b ase d  re nova t ion, re p a ir, or re furb ishm e nt  of an 
e xis t ing e xp osure  sc e nario 

Furniture  c he s t  Low Lowe r 

18  Large  s t a t ionary wood e n (and  othe r m ate ria ls  not  c ove re d  
e lse whe re ) s t ruc ture s  whe re  m e d ia t e d  e xp osure  is  like ly for 
c hild re n and  ad ult s  

Large  
b ookc ase  

Me d ium  Lowe r 
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Us ing t he  d ose s  ad jus te d  for m outhing and  d ire c t  d e rm al e xp osure s , we  c a lc ula t e d  t he  
aggre ga t e  c onsum e r e xp osure  b y p a thway for 10 0 ,0 0 0  s im ula t e d  p e op le  (for e ac h age  
group ), with e ac h p e rson having rand om ly se le c t e d  c om b ina t ions  of s c e narios  as  
d e t e rm ine d  b y t he  two p rob ab ilit ie s . Tab le  10  p re se nt s  t he  m e an (a) inge s t ion, 
(b ) inha la t ion, (c ) d e rmal, and  (d ) t ot a l e xp osure s  for ad ult s  and  3– 5  ye ar old s  from  the  
10 0 ,0 0 0  runs  for TDCIPP and  c om p are s  t he m  to t he  unad jus t e d  aggre ga t e  c onsum e r 
e xp osure  e s t im ate d  us ing t he  firs t  m e thod  (t he  m axim um  p oss ib le  d ose ) and  t he  
aggre ga t e  c onsum e r e xp osure  a ft e r m outhing and  d ire c t  d e rm al c ontac t  ad jus tm e nt s . 
Tab le  10  a lso shows  t he  aggre ga t e  d ose s  if a  frac t ion ab sorb e d /b ioac c e s s ib ilit y va lue  <1 
was  use d  for t he  inha la t ion and  inge s t ion p a thways . CEM ap p lie s  an ab sorp t ion frac t ion 
for d e rm al b ut  as sum e s  t ha t  for t he  inha la t ion and  inge s t ion p a thways , a ll of t he  c he m ic a l 
e nt e rs  t he  b od y. For TDCIPP, we  as sum e d  an inha la t ion frac t ion ab sorb e d  va lue  of 0 .5  
b ase d  on p rofe s s iona l jud gm e nt , and  from  Fang and  St ap le ton (20 14), we  use d  an 
inge s t ion frac t ion ab sorb e d  va lue  of 0 .8 . Inc lus ion of t he  m outhing and  d ire c t  d e rm al 
ad jus tm e nt  fac tors , t he  p rob ab ilit y of t he  c onsum e r p rod uc t  b e ing in a  house hold  and  
c ont a ining a  PHOP, and  inge s t ion and  inha la t ion ab sorp t ion frac t ions  re sult e d  in d ose s  
t ha t  we re  81%– 9 9 .8% lowe r t han t he  unad jus t e d  va lue s . The  c om b inat ion of t he se  
ad jus tm e nt s  b rings  aggre ga t e  c onsum e r e xp osure s  c lose r t o  what  would  b e  e xp e c t e d  
c om p are d  t o aggre ga te  e xp osure s  from  re ve rse  d os im e t ry from  b iomonitoring d a t a  and  
t oxic okine t ic s . For c omp arison p urp ose s , t he  d ose s  in Tab le  10  for TDCIPP are  shown in 
Figure  1 a long with t he  c orre sp ond ing d ose s  for TCEP and  TCIPP.



Clas s - b ase d  Exp osure  Asse s sme nt  of PHOP Flam e  Re t ard ant s  

 
37 

Table  10. Comparison of Aggregate Consumer Exposure s aft er Incorporation of Several Adjustment s for Adults and 3 –5 Year Olds for 
TCEP, TCIPP, and TDCIPP.a 

Age 
Group  

Unadjusted Dose  
(mg/kg/day)  

Adjust ed for Mouthing /Dermal  
(mg/kg/day)  

Adjusted for Mouthing/Dermal 
and Probabilities  

(mg/kg/day)  

Adjusted for Mouthing/Dermal, 
Probabilities, and Absorption 

Fractions  
(mg/kg/day)  

Dermal  Ingestion  Inhalation  Dermal  Ingestion  Inhalation  Dermal  Ingestion  Inhalation  Dermal  Ingestion  Inhalation  

TCEP             

Ad ult  6 .4 2E- 0 1 4 .59 E- 0 3 4 .23E- 0 1 7.0 1E- 0 2 4 .59 E- 0 3 4 .23E- 0 1 3.13E- 0 2 1.8 3E- 0 3 1.6 8 E- 0 1 3.13E- 0 2 1.4 6 E- 0 3 8 .39 E- 0 2 

3– 5  yrs  1.0 6 E+0 0  4 .6 8 E- 0 1 1.25E+0 0  1.13E- 0 1 6 .6 1E- 0 2 1.25E+0 0  5 .0 3E- 0 2 2.6 2E- 0 2 4 .9 7E- 0 1 5 .0 3E- 0 2 2.10 E- 0 2 2.4 9 E- 0 1 

TCIPP             

Ad ult  4 .9 8 E- 0 1 2.15E- 0 3 1.58 E- 0 1 3.9 3E- 0 2 2.15E- 0 3 1.58 E- 0 1 1.74 E- 0 2 8 .53E- 0 4  6 .26 E- 0 2 1.74 E- 0 2 6 .8 3E- 0 4  3.13E- 0 2 

3– 5  yrs  8 .26 E- 0 1 4 .33E- 0 1 4 .6 8 E- 0 1 6 .32E- 0 2 3.10 E- 0 2 4 .6 8 E- 0 1 2.8 0 E- 0 2 1.23E- 0 2 1.8 5E- 0 1 2.8 0 E- 0 2 9 .8 3E- 0 3 9 .27E- 0 2 

TDCIPP             

Ad ult  2.8 8 E- 0 1 1.58 E- 0 4  5 .39 E- 0 3 8 .59 E- 0 3 1.58 E- 0 4  5 .39 E- 0 3 3.34 E- 0 3 6 .0 5E- 0 5  2.0 1E- 0 3 3.34 E- 0 3 4 .8 4 E- 0 5 1.0 1E- 0 3 

3– 5  yrs  4 .78 E- 0 1 4 .0 4 E- 0 1 1.6 0 E- 0 2 1.4 0 E- 0 2 2.35E- 0 3 1.6 0 E- 0 2 5 .4 4 E- 0 3 8 .9 0 E- 0 4  5 .9 7E- 0 3 5 .4 4 E- 0 3 7.12E- 0 4  2.9 8 E- 0 3 
aEac h aggre ga t e  d ose  b uild s  off of t he  p re vious  d ose . For e xam p le , t he  “Ad jus t e d  for Mouthing/De rm al, Prob ab ilit ie s , and  Ab sorp t ion Frac t ions ” d ose s  
ap p ly t he  ab sorp t ion frac t ions  t o  t he  m e an d ose s  c a lc ula t e d  from  the  10 0 ,0 0 0  s im ula t e d  runs . The  s im ula t e d  runs  use d  the  ind ivid ua l sc e nario d ose s  
with ad jus tm e nt  fac tors  for m outhing and  d ire c t  d e rm al c ontac t .  
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Figure 1. Mean Aggregate Consumer Exposures for (a) Ingestion, (b) Inhalation , (c) Dermal , and 
(d)  Total Pathways for 3 –5 Year Olds. 

4.1.4. Aggregate  Total Exposures  
Aggre gat e  t ot a l e xp osure s  c an b e  e s t im ate d  b y c om b ining aggre ga t e  c onsum e r 
e xp osure s  with b ac kground  e xp osure s  from  othe r sourc e s . Bac kground  e xp osure s  from  
non- c onsum e r p rod uc ts  we re  e s t im ate d  us ing m onitoring d a t a  from  re c e nt  re vie w 
p ap e rs  t ha t  c ont a ine d  a  la rge  num b e r of s am p le s  for TCEP, TCIPP, and  TDCIPP. Priorit y 
was  give n for d a t a  from the  Unit e d  St a t e s  or othe r s im ila r d e ve lop e d  na t ions , re fle c t ing 
s im ila r c he m ic a l use  c onsum p t ion p a t t e rns . Re le vant  p a thways  inc lud e  d ie t a ry inge s t ion, 
d rinking wate r inge s t ion, soil inge s t ion, and  inha la t ion of outd oor a ir. 

Tab le  11 p re se nt s  c e nt ra l t e nd e nc y e s t im ate s  of d ie t a ry, d rinking wate r, soil, and  am b ie nt  
a ir c onc e nt ra t ions  a long with t he  aggre ga t e  b ac kground  t ot a l for TCEP, TCIPP, and  TDCIPP 
for ad ult s  and  3– 5  ye ar old s . Ce nt ra l t e nd e nc y d a t a  we re  e xt rac te d  in t he  following 
p riorit y ord e r: ge ome t ric  m e an, m e d ian, a rit hme t ic  m e an. Aggre ga te  c onsum e r e xp osure s  
(ad jus t e d  with t he  ad jus tm e nt  fac tors  and  p rob ab ilit ie s  d is c us se d  in t he  p re vious  s e c t ion 
and  inc lud ing ab sorp t ion frac t ions  for t he  inge s t ion and  inha la t ion p a thways ) and  t he  
re sult ing aggre ga t e  t ota l e xp osure s  a re  a lso p re se nt e d . In a ll ins t anc e s , aggre ga t e  
c onsum e r e xp osure s  we re  a lways  ord e rs  of magnitud e  highe r t han aggre ga t e  b ac kground  
e xp osure s ; t his  was  t rue  for a ll age  group s  for t he se  t hre e  c he m ic a ls  (d a t a  not  shown), 
and  t he re fore , t he  aggre ga t e  t ot a l e xp osure  was  a lways  d rive n b y t he  aggre ga t e  
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c onsum e r e xp osure . In ad d it ion t o Tab le  11, t he se  va lue s  a re  a lso p lot te d  in Se c t ion 4 .5 , 
Com p arison of Es t im ate d  Exp osure s  from  Diffe re nt  Ap p roac he s . 

Table  11. Aggregate Background, Aggregate Consumer, and Aggregate Total Exposures (mg/kg/day) 
for Adults and 3 –5 Year Olds for TCEP, TCIPP, and TDCIPP. 

Age Group  Dietary  Drinking 
Water  

Soil Ambient Air  Aggregate 
Background  

Aggregate 
Consumer a 

Aggregate 
Total  

TCEP        

Ad ult  3.0 5E- 0 6  3.9 4 E- 0 7 4 .57E- 0 9  5 .21E- 0 8  3.50 E- 0 6  1.17E- 0 1 1.17E- 0 1 

3– 5  yrs  1.0 4 E- 0 5  4 .0 9 E- 0 7 5 .8 0 E- 0 8  1.39 E- 0 7 1.10 E- 0 5  3.20 E- 0 1 3.20 E- 0 1 

TCIPP        

Ad ult  4 .25E- 0 6  1.6 1E- 0 6  6 .76 E- 0 9  7.70 E- 0 8  5 .9 4 E- 0 6  4 .9 4 E- 0 2 4 .9 4 E- 0 1 

3– 5  yrs  1.51E- 0 5  1.6 7E- 0 6  8 .56 E- 0 8  2.0 5E- 0 7 1.70 E- 0 5  1.31E- 0 1 1.31E- 0 1 

TDCIPP        

Ad ult  3.29 E- 0 6  3.27E- 0 8  1.9 9 E- 0 9  2.6 2E- 0 8  3.36 E- 0 6  4 .39 E- 0 3 4 .4 0 E- 0 3 

3– 5  yrs  1.0 2E- 0 5  3.39 E- 0 8  2.53E- 0 8  6 .9 9 E- 0 8  1.0 4 E- 0 5  9 .14 E- 0 3 9 .15E- 0 3 
aAggre ga t e  c onsum e r e xp osure s  p re se nte d  a re  t he  “Ad jus t e d  for Mouthing/De rm al, Prob ab ilit ie s , and  
Ab sorp t ion Frac t ions” d ose s  in Tab le  10 . 

4.1.5. Uncertainties and Limitations  
Product uses for each chemical were identified using five data sources: HPCDS, CDR, 
literature sources, patent data, and UL’s Prospector database. While some sources 
provided the exact consumer product, other s reported only broad categories. For 
example, sources reported “television” versus “electrical and electronic products .”  

When broad categories were reported, we mapped  the product to all potentially 
applicable scenarios. In this example, “electrical and electronic products” was mapped to 
b oth # 0 1 (Handheld electronic casings [or appliances] where contact and mediated 
exposure is likely for children and adults ) and  # 0 2 (Non- handheld electronics and 
appliances where mediated exposure is likely for children and adults ), whic h m ay le ad  t o 
an ove rinc lus ion of s c e narios . Sim ila rly, our re vie w of p a te nt  d a t a  id e nt ifie d  p rim arily 
m ate ria l use s , whic h we  e xt rap ola t e d  t o p ote nt ia l p rod uc t  use s  b ase d  on m ate ria l-
p rod uc t  re la t ionship s ; this  like ly a lso le d  t o an ove rinc lus ion of s c e narios .  

Our workflow ad d re s se d  t he  unc e rt a inty in use s  b y as sum ing a  c onse rva t ive  ap p roac h 
and  inc lud ing a ll p ot e nt ia lly re le vant  use s . Howe ve r, t his  lis t  c an b e  ad jus t e d  in t he  
following ways : (i) we  c ould  use  ad d it iona l p rod uc t  form ula t ion d a t a  should  re sult s  
b e c ome  ava ilab le  and  (ii) our re vie w of p a t e nt  d a t a  was  p rim arily a t  t he  t it le - ab s t rac t  
le ve l, with full- t e xt  re vie w p e rform e d  only for c he m ic a ls  with no id e nt ifie d  use s  a ft e r t it le -
ab s t rac t  s c re e ning. Priorit iza t ion of p a t e nt s  (e .g., le ve raging t he  Coop e ra t ive  Pa t e nt  
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Clas s ific a t ion sys t e m  as  was  d one  in a  re c e nt  whit e  p ap e r on PFAS [RTI, 20 23]), followe d  
b y full- t e xt  re vie w would  p rovid e  a  p ote nt ia lly m ore  re le vant  lis t  of use s . 

Give n t he  la rge  num b e r of c he m ic a l- p rod uc t  c om b ina t ions , we  d e ve lop e d  18  b road  
e xp osure  s c e narios  t o  m od e l, and  for e ac h sc e nario, we  se le c t e d  a  re p re se nt a t ive  
p rod uc t  t o  b ase  our inp ut  va lue s  for a rt ic le  surfac e  a re a  and  d ura t ion of c ont ac t . This  
workflow a llowe d  us  t o ob t a in s c re e ning- le ve l e s t im ate s  of e xp osure  for a  la rge  num b e r 
of p rod uc t s . For e xam p le , t ab le t s , c e ll p hone s , and  he a t  s e a le rs  would  a ll fa ll und e r 
s c e nario “# 0 1, Handheld electronic casings (or appliances) where contact and mediated 
exposure is likely for children and adults ,” and  share  t he  s am e  e s t imate d  d ose s . Howe ve r, 
t he re  is  (i) p rod uc t - t o- p rod uc t  variab ilit y for m any of t he  inp ut  p aram e te rs , inc lud ing 
we ight  frac t ion, surfac e  a re a , and  d ura t ion of a rt ic le  c ont ac t , t ha t  our use  of a  
re p re se nt a t ive  p rod uc t  d oe s  not  c ap ture  and  (ii) unc e rt a inty in t he  inp ut  va lue s  use d  for 
our CEM runs  d ue  t o t he  lim it e d  d a t a  ava ilab le  in t he  lit e ra ture  for t he  various  inp ut  
p aram e te rs .  

In t he  ab se nc e  of ava ilab le  inform at ion, we  use d  p rofe s s iona l jud gm e nt  or CEM 
d e fault s / e s t im ators  as  inp ut s . This  re sult e d  in lowe r t o me d ium  c onfid e nc e  in t he  
e xp osure  e s t im ate s  d e p e nd ing on t he  sc e nario. A se ns it ivit y ana lys is  t o  vary ke y 
p aram e te rs  would  p rovid e  a  range  of d ose s  and , t he re fore , a  c harac t e riza t ion of varianc e  
and  c an b e  c ond uc t e d  for future  as se ssm e nt s . 

A p a thway- sp e c ific  c om p arison of re sult s  b e twe e n Ap p roac h 1 and  Ap p roac h 2 a lso 
inform e d  init ia l ad jus tm e nt s  for Ap p roac h 1 and  how a  follow- up  se ns it ivit y ana lys is  c ould  
b e  c ond uc t e d  t o b e t t e r c harac t e rize  within- sc e nario variab ilit y, e sp e c ia lly for p a thways  
t ha t  p ot e nt ia lly le ad  t o highe r e xp osure s . An ad jus tm e nt  fac tor of a t  le as t  80 0  was  use d  
for m outhing sc e narios  sp e c ific  t o  c hild re n, with t he  ad jus tm e nt  fac tor d e p e nd e nt  on t he  
c he m ic a l, and  an ad jus tm e nt  fac tor of 250  was  use d  for d ire c t  d e rm al s c e narios .  

For t his  re p ort , we  d id  not  p e rform  sc e nario- sp e c ific  se ns it ivit y ana lyse s . Ins t e ad , we  
c ond uc t e d  ge ne ra l s e ns it ivit y ana lyse s  with TDCIPP as  t he  e xam p le  c he m ic a l for we ight  
frac t ion, surfac e  a re a , and  d ura t ion t o d e t e rm ine  whe the r d ose s  c ould  b e  s c a le d  for t he se  
p aram e te rs . Us ing one  sc e nario with c ont ac t  and  m e d ia t e d  e xp osure  (# 0 3, Small hand -
held hard and soft plastic items [including foam ] where contact and mediated exposure 
is likely for children and adults ) and  one  sc e nario for m e d ia t e d  e xp osure  only (# 0 9 , 
Textiles where mediated exposure is likely for children and adults) , our ana lyse s  showe d  
tha t  in ge ne ra l, for sc e narios  with only m e d ia t e d  e xp osure s , d ose s  for a ll p a thways  c an b e  
s c a le d  line arly on a  1:1 b as is  with we ight  frac t ion and  surfac e  a re a  for the  range  of va lue s  
t e s t e d  (we  d id  not  p e rform  a  s e ns it ivit y ana lys is  for d ura t ion of a rt ic le  c ont ac t  b e c ause  
t his  is  a lways  s e t  as  0  s inc e  t he re  a re  no c ont ac t  e xp osure s ). For sc e narios  with b oth 
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c ont ac t  and  m e d ia t e d  e xp osure s , d ose s  c an b e  s c a le d  line arly on 1:1 b as is  with we ight  
frac t ion for a ll p a thways  e xc e p t  inge s t ion for age  group s  with m outhing b e havior. The  
re sult s  for surfac e  a re a and  d ura t ion of a rt ic le  c ont ac t  varie d  d e p e nd ing on p a thway (se e  
Figure  2). 

  
Figure 2. Effect of Initial Concentration (panels a, b), Surface Area (panels c, d), and Duration  of 
Article Contact (panels e, f) on Doses Modeled for  Adults and 3 –5 Year Olds with Contact and 
Mediated Exposure to Small Hand - held Hard and Soft Plastic Items  

To c om p are  e xp osure s  e s t im ate d  us ing t he  four d iffe re nt  ap p roac he s , we  d e te rm ine d  an 
aggre ga t e  c onsum e r e xp osure  va lue  ac ros s  a ll s c e narios  for e ac h c he m ic a l. As  p art  of t his  
d e t e rm ina t ion, we  ap p lie d  p rofe s s iona l jud gme nt  t o  e s t im ate  (i) ob se rve d  d iffe re nc e s  in 
t he  re p orte d  m agnitud e  of re sult s  b e twe e n Ap p roac h 1 and  Ap p roac h 2, (ii) t he  
p rob ab ilit y of t he  c onsum e r p rod uc t  oc c urring in a  house hold , and  (iii) t he  p rob ab ilit y of 
t he  p rod uc t  c ont a ining an OFR in t he  s am e  sub c las s  (i.e ., in t his  c ase , the  p rob ab ilit y it  
c ont a ins  a  PHOP). Be c ause  we  we re  not  ab le  to  va lid a t e  t he  two p rob ab ilit ie s  with 
e xt e rna l d a t a , suc h as  c onsum e r surve ys  or p rod uc t  t e s t ing d a t a , t he re  is  lowe r 
c onfid e nc e  in t he  p rob ab ilit y va lue s  use d . The  unc e rt a inty in t he se  p rob ab ilit ie s  is  
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re fle c t e d  in t he  use  of only a  high- m e d ium - low or highe r- lowe r sc a le  as  any fine r 
re solut ion m ay im p lic it ly sugge s t  highe r c onfid e nc e  in t he  va lue s . The  se c ond  p rob ab ilit y 
was  a lso p urp ose fully d e s igne d  t o b e  for an OFR in t he  s am e  sub c las s , ra the r t han a  
sp e c ific  OFR, d ue  t o t he  ab se nc e  of ava ilab le  d a t a  (i.e ., t he  p rob ab ility va lue s  a re  a lre ad y 
highly unc e rt a in, and  t he re fore , we  should  not  c re a t e  se p ara t e  p rob ab ilit y va lue s  b y 
c he m ic a l). While  a  sourc e  for t he  firs t  p rob ab ilit y was  not  id e nt ifie d  in t his  re p ort , t he se  
va lue s  c an like ly b e  d e rive d  b y e c onom is t s  and , onc e  ava ilab le , would  he lp  re fine  our 
aggre ga t e  c onsum e r e s t im ate s . In ad d it ion t o t he  unc e rt a int ie s  in t he  p rob ab ilit y va lue s , 
we  a lso not e  t ha t  t he  highe r aggre ga t e  c onsume r e xp osure s  a re  like ly d rive n b y a  sm all 
num b e r of ind ivid ua l s c e narios  with highe r e xp osure s . Exc lud ing or re fining t he se  
ind ivid ua l s c e narios  and  re - running t he  aggre ga t e  ana lys is  m ay p rovid e  ins ight  in how the  
use  of t he  p rob ab ilit ie s  re d uc e s  t ot a l e xp osure . 

Ab sorp t ion frac t ions  for inha la t ion and  inge s t ion we re  a lso ap p lie d  t o t he  aggre ga t e  
e s t im ate s . In t he  ab se nc e  of c he m ic a l- sp e c ific  ab sorp t ion frac t ions , we  ap p lie d  t he  s ame  
inha la t ion ab sorp t ion frac t ion of 0 .5 , whic h was  s e le c te d  b ase d  on p rofe s s iona l jud gm e nt , 
t o  a ll c he m ic a ls . Howe ve r, s e p ara t e  ab sorp t ion frac t ions  should  b e  ap p lie d  for t he  
gase ous  and  p art ic ula te  frac t ions , whe re in t he  la t t e r is  c he m ic a l d e p e nd e nt  (i.e ., if t he  
c he m ic a l is  p art ic le  b ound ). The  inge s t ion ab sorp t ion frac t ion was  b ase d  on a  re la t ionship  
b e twe e n b ioac c e s s ib ilit y and  t he  oc t anol- wate r p art it ion c oe ffic ie nt  us ing e m p iric a l d a t a  
from  Fang and  St ap le ton (20 14) for s e ve ra l flam e  re t a rd ant s . Howe ve r, only t hre e  of t he  
PHOPs  we re  inc lud e d  in t he  c he m ic a ls  m e asure d . Future  e xp e rime nta l d a t a  for ad d it iona l 
c he m ic a ls  would  he lp  re fine  t he  ad jus t e d  aggre ga t e  c onsum e r e xp osure s . 

4.2. Exposures Estimated from Empirical Measurements  
(Approach 2)  

Exp osure s  we re  e s t im ate d  from  me asure d  (i) m igra t ion ra t e s  from  p rod uc t s  into s a liva , 
(ii) p e rsona l d e rm al load ing (wip e ) d a t a , (iii) p e rsona l a ir c onc e nt ra t ions , and  (iv) p rod uc t  
e m is s ion d a t a  and /or m ass  t rans fe r p aram e te rs . In ge ne ra l, t he  num b e r of d a t a  s e t s  
ava ilab le  was  lim it e d , and  t he re fore , p oole d  c e nt ra l t e nd e nc y va lue s  and  c orre sp ond ing 
d ose s  c a lc ula te d  m ay not  b e  re p re se nt a t ive  of t he  full range  of d a t a  ava ilab le  in t he  
lit e ra ture . Prod uc t  e m is s ion d a t a  we re  a lso use d  for t he  sp ray p olyure thane  foam  
insula t ion sc e nario, in whic h we  b rie fly sum marize  s t ud ie s  t ha t  re p ort e d  m od e le d  and /or 
m e asure d  e xp osure s  d uring or a ft e r sp ray foam  ap p lic a t ion. 

4.2.1. Migration Rates  from Products into Saliva  
The re  we re  no s t ud ie s  id e nt ifie d  t ha t  re p ort e d  PHOP m igra t ion ra t e s  from  p rod uc t  t o  
s a liva . Howe ve r, t he  CEM Use r Guid e  Ap p e nd ix (U.S. EPA, 20 23c ), whic h c om p ile s  
m e asure d  m igra t ion ra t e  d a t a  from  ove r 20  s t ud ie s  for p rim arily p hthala t e s  and  p las t ic  
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m ate ria ls , lis t s  four s t ud ie s  (Ghane m , 20 15a; Ghane m , 20 15b ; EC, 20 0 8 ; Bab ic h, 20 0 6) 
with d a t a  for TCIPP and  TDCIPP m igra t ing into a rt ific ia l s a liva  and  p ot e nt ia l surroga t e s  for 
s a liva  (e .g., a rt ific ia l swe at , d is t ille d  wat e r, c it ric  ac id ) und e r various  e xp e rime nta l 
c ond it ions  (e .g., unage d , UV age d , t he rm ally age d  a t  25°C). Note  t ha t  t he  CEM tool it s e lf 
d oe s  not  e s t im ate  m igra t ion ra t e s  from  p rod uc t s  into s a liva , offe ring ins t e ad  d e fault  
m igra t ion ra t e s  for four c he m ic a l c onc e nt ra t ion range s . 

Sinc e  e xp e rime nta l d a t a  we re  ava ilab le  for only two c he m ic a ls , we  use d  t he  re gre s s ion-
b ase d  m od e l from  Aurisano e t  a l. (20 22) t o e s t im ate  m igra t ion ra t e s  for a ll PHOPs  and  
as se s se d  how c lose  t he  e s t im ate d  va lue s  of TCIPP and  TDCIPP we re  to t he  m e asure d  
d a t a  from  the  four s t ud ie s . Brie fly, Auris ano e t  a l. (20 22) d e ve lop e d  a  re gre s s ion m od e l 
us ing ava ilab le  d a t a  in t he  lit e ra ture  from  60  c he m ic a ls , inc lud ing p olyb rom inat e d  
d ip he nyl e the rs  (an OFR sub c las s ), and  from  5  m ate ria ls . The  inp ut s  t o  t he  re gre s s ion 
m od e l inc lud e d  init ia l c he m ic a l c onc e nt ra t ion, oc t anol- wate r p art it ion c oe ffic ie nt , and  
d iffus ion c oe ffic ie nt , t he  fina l one  d e p e nd ing on t he  m ate ria l t yp e . While  Aurisano e t  a l. 
(20 22) a lso p re se nt e d  a  m e c hanis t ic  m ate ria l- s a liva  m od e l ad ap t e d  from  a  p re vious ly 
d e ve lop e d  me c hanis t ic  m od e l for c he m ic a ls  in food  p ac kaging, we  c hose  t o use  t he ir 
re gre s s ion m od e l b e c ause  t he  foc us  of Ap p roac h 2 is  t o  use  e m p iric a l m e asure m e nt s  t o  
c a lc ula t e  d ose  in 1– 2 s te p s . He re , t he  re gre s s ion- b ase d  m od e l is  use d  t o e xt rap ola t e  
e m p iric a l m e asure m e nt s  t o  a  d iffe re nt  se t  of c ond it ions  b e fore  c a lc ula t ing d ose . 

4.2.1.1. Comparison of Measured and Modeled Migration Rates  
Tab le  12 shows  t he  s t ud y- re p ort e d  and  m od e le d  m igra t ion ra t e s  as  e s t im ate d  b y t he  
Aurisano e t  a l. (20 22) re gre s s ion- b ase d  m od e l for p olyure thane - b ase d  m ate ria ls . Whe n a  
s t ud y e va lua t e d  m igra t ion into m ore  t han one  a rt ific ia l b iologic a l fluid , only s a liva  (if 
ava ilab le ) m e asure d  rat e s  a re  p re se nte d  in Tab le  12. The  two s tud ie s  b y Ghane m  (20 15a  
and  20 15b ) a lso re p orte d  d a t a  for t he rm ally age d  foam  a t  6 0 °C and  9 0 °C tha t  a re  not  
inc lud e d  in t he  CEM Use r Guid e  Ap p e nd ix b ut  a re  inc lud e d  b e low. Be c ause  t he  m od e l 
inp ut s  a re  only init ia l c he m ic a l c onc e nt ra t ion and  m ate ria l t yp e  (in ad d it ion t o 
p hys ic oc he m ic a l p rop e rt ie s ), t he  s am e  m od e le d  m igra t ion ra t e  is  give n for a  p rod uc t  
re gard le s s  of t he  e xp e rim e nta l c ond it ions . For e xam p le , t he  unage d  and  UV- age d  CM 
Ethe r foam  in Ghane m  (20 15a) had  m e asure d  m igra t ion ra t e s  of 6 6 .1 and  23.6  μg/c m 2/hr, 
re sp e c t ive ly, b ut  a  m od e le d  m igra t ion ra t e  of 6 8 .5  μg/c m 2/hr for b oth. 

With t he  e xc e p t ion of one  d a t a  p oint , t he  m od e le d  ra te s  we re  t he  s am e  as  (d e fine d  as  
within 5%) or highe r t han t he  m e asure d  ra t e s , ind ic a t ing t ha t  d ose s  c a lc ula t e d  from  the  
m od e le d  ra t e s  would  b e  c onse rva t ive . Sp e c ific a lly, whe n only a rt ific ia l s a liva  is  
c ons id e re d , t he  m od e le d  ra t e s  we re  on ave rage  highe r t han t he  m e asure d  ra t e s  b y a  
fac tor of 3. In ge ne ra l, m e asure d  m igra t ion ra t e s  for TCIPP we re  highe r t han TDCIPP, e ve n 
aft e r t aking into ac c ount  init ia l c onc e nt ra t ion. 
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Table  12. Comparison of Measured and Model ed Migration Rates . 
    Migration Rate  (μg/cm 2/hr)  

Study a Chemical  Product  Biological Fluid  Measured  Modeled  Modeled  
/Measured  

EC (20 0 8 )  TCIPP Polyure thane  foam , 10 % (no p re ssure  ap p lie d ) Art ific ia l swe a t  2.78  79 .6  28 .6  

EC (20 0 8 ) TCIPP Polyure thane  foam , 10 % (p re ssure  ap p lie d ) Art ific ia l swe a t  4 .6  79 .6  17.3 

EC (20 0 8 ) TCIPP Polyure thane  foam , 10 % (m axim um  p oss ib le ) Art ific ia l swe a t  130  79 .6  0 .6 1 

Ghane m  (20 15a) TCIPP Unage d  foam  (CMHR), 5 .2% Art ific ia l s a liva  4 5 .1 4 3.5  0 .9 6  

Ghane m  (20 15a) TCIPP UV- age d  foam  (CMHR), 5 .2% Art ific ia l s a liva  9 .2 4 3.5  4 .73 

Ghane m  (20 15a) TCIPP The rm ally age d  a t  25°C foam  (CMHR), 5 .2% Art ific ia l s a liva  38 .1 4 3.5  1.14  

Ghane m  (20 15a) TCIPP The rm ally age d  a t  6 0 °C foam  (CMHR), 5 .2% Art ific ia l s a liva  18 .5  4 3.5  2.35  

Ghane m  (20 15a) TCIPP The rm ally age d  a t  9 0 °C foam  (CMHR), 5 .2% Art ific ia l s a liva  12.7 4 3.5  3.4 3 

Ghane m  (20 15a)  TCIPP Unage d  foam  (CM Ethe r), 8 .5% Art ific ia l s a liva  6 6 .1 6 8 .5  1.0 4  

Ghane m  (20 15a) TCIPP UV- age d  foam  (CM Ethe r), 8 .5% Art ific ia l s a liva  23.6  6 8 .5  2.9 0  

Ghane m  (20 15a) TCIPP The rm ally age d  a t  25°C foam  (CM Ethe r), 8 .5% Art ific ia l s a liva  58 .6  6 8 .5  1.17 

Ghane m  (20 15a) TCIPP The rm ally age d  a t  6 0 °C foam  (CM Ethe r), 8 .5% Art ific ia l s a liva  4 1.6  6 8 .5  1.6 5  

Ghane m  (20 15a) TCIPP The rm ally age d  a t  9 0 °C foam  (CM Ethe r), 8 .5% Art ific ia l s a liva  4 8 .2 6 8 .5  1.4 2 

Bab ic h (20 0 6 )  TDCIPP Up hols t e ry furniture  foam , 5 .1% Art ific ia l swe a t  0 .0 25  22.5  9 0 0  

Ghane m  (20 15b )  TDCIPP Unage d  foam , 6 .5% Art ific ia l s a liva  2.2 28 .1 12.8  

Ghane m  (20 15b ) TDCIPP UV- age d  foam , 6 .5% Art ific ia l s a liva  10 .7 28 .1 2.6 3 

Ghane m  (20 15b ) TDCIPP The rm ally age d  a t  25°C foam , 6 .5% Art ific ia l s a liva  3.0  28 .1 9 .37 

Ghane m  (20 15b ) TDCIPP The rm ally age d  a t  6 0 °C foam , 6 .5% Art ific ia l s a liva  7.9  28 .1 3.56  

Ghane m  (20 15b ) TDCIPP The rm ally age d  a t  9 0 °C foam , 6 .5% Art ific ia l s a liva  12.1 28 .1 2.32 
aMigra t ion ra t e s  for Ghane m  (20 15a , 20 15b ) a re  re p ort e d  in t he  CEM Use r Guid e  Ap p e nd ix (U.S. EPA, 20 23c ). The  origina l p ap e rs  re p ort e d  t he  m e asure d  
p e rc e ntage  of flam e  re t ard ant  t rans fe rre d  to  filt e r p ap e r from  foam  sam p le s , d e t e rm ine d  b y the  he ad - ove r- he e ls  t e s t  s im ula t ing ora l e xp osure . 
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4.2.1.2. Estimation  of Mouthing Exposure  
Daily m outhing e xp osure  for a ll PHOPs  with p rod uc t  use  d a t a  (i.e ., 26  PHOPs) was  
c a lc ula t e d  for t he  <1 ye ar old , 1– 2 ye ar old , and  3– 5  ye ar old  age  group s  us ing m igra t ion 
ra t e s  into s a liva  e s t im a te d  from  the  Aurisano e t  a l. (20 22) re gre ss ion- b ase d  m od e l. Two 
typ e s  of m ate ria ls , p olyp rop yle ne  hom op olyme r and  p olyure thane - b ase d  m ate ria ls , we re  
run t o re fle c t  p las t ic  and  foam  p rod uc ts . Cons is t e nt  with t he  init ia l c onc e nt ra t ions  use d  
in Ap p roac h 1, we  a lso use d  an init ia l c onc e nt ra t ion of 1,0 0 0  p p m  (e q ual t o  0 .1% or 1 mg/g). 

Es t im ate d  m igra t ion ra t e s  for p olyure thane - b ase d  m ate ria ls  we re  ap p roxim ate ly one  
ord e r of m agnitud e  highe r t han for p olyp rop yle ne  hom op olyme r, ranging from  0 .0 50  t o 
2.4  μg/c m 2/hr for t he  form e r and  0 .0 0 6 4  t o 0 .30  μg/c m 2/hr for t he  la t t e r ac ros s  
c he m ic a ls . Be c ause  t he  c om p arison of m od e le d - to- me asure d  m igra t ion ra t e s  (Tab le  12) 
showe d  tha t  m od e le d  ra t e s  we re  highe r t han t he  m e asure d  ra t e s , we  ad jus t e d  t he  
m od e le d  ra t e s  of a ll 26  PHOPs  b y a  fac tor of 3. In t he  ab se nc e  of m e asure d  d a t a  for 
p olyp rop yle ne  m ate ria ls , t he  ad jus tm e nt  fac tor of 3 was  use d  for b oth p olyp rop yle ne  and  
p olyure thane - b ase d  mate ria ls . Us ing d a ily m outhing d ura t ions  of 70 .1, 47.4 , and  37 m in for 
t he  <1 ye ar old , 1– 2 ye ar old , and  3– 5  ye ar old  age  group s  (Gre e ne , 20 0 2), re sp e c t ive ly, 
from  a  CPSC ob se rva t iona l m outhing s t ud y and  as sum ing a  surfac e  are a  m outhe d  of 
10  c m 2, m outhing e xp osure s  we re  c a lc ula t e d  and  p re se nte d  in Tab le  13 for p olyure thane  
and  p olyp rop yle ne . 
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Table  13. Comparison of Doses for Children Mouthing Polyurethane and Polypropylene Materials . 
  Dose – Polyurethane  

(mg/kg/day)  
Dose – Polypropylene  

(mg/kg/day)  

CASRN Chemical  <1 yr 1–2 yrs  3–5 yrs  <1 yr 1–2 yrs 3–5 yrs  

78 - 4 3- 3 Tris (2,3- d ic hlorop rop yl)p hosp ha te  2.9 4 E- 0 4  1.23E- 0 4  6 .51E- 0 5  3.70 E- 0 5  1.55E- 0 5  8 .20 E- 0 6  

115- 9 6 - 8  Tris (2- c hloroe thyl) p hosp ha te  8 .4 5E- 0 4  3.54 E- 0 4  1.8 7E- 0 4  1.0 6 E- 0 4  4 .4 5E- 0 5  2.35E- 0 5  

115- 9 8 - 0  Bis (2- c hloroe thyl) vinylp hos p hona te  1.20 E- 0 3 5 .0 0 E- 0 4  2.6 5E- 0 4  1.51E- 0 4  6 .30 E- 0 5  3.33E- 0 5  

126 - 72- 7 Tris (2,3- d ib rom op rop yl) p hosp ha te  1.15E- 0 4  4 .8 0 E- 0 5 2.54 E- 0 5  1.4 5E- 0 5  6 .0 5E- 0 6  3.20 E- 0 6  

14 0 - 0 8 - 9  Tris (2- c hloroe thyl) p hosp hit e  9 .51E- 0 4  3.9 8 E- 0 4  2.10 E- 0 4  1.20 E- 0 4  5 .0 1E- 0 5  2.6 5E- 0 5  

10 6 7- 9 8 - 7 Tris (3- c hlorop rop yl)p hosp ha te  5 .8 1E- 0 4  2.4 3E- 0 4  1.29 E- 0 4  7.32E- 0 5  3.0 6 E- 0 5  1.6 2E- 0 5  

278 8 - 11- 6  Tris (2,4 - d ib rom op he nyl) p hosp ha te  5 .21E- 0 5  2.18 E- 0 5  1.15E- 0 5  6 .57E- 0 6  2.75E- 0 6  1.4 5E- 0 6  

4 351- 70 - 6  Phosp honic  ac id , P- [1- [[(2- c hloroe thoxy)(2-
c hloroe thyl)p hosp hinyl]oxy]e thyl]- , 1- [b is (2-
c hloroe thoxy)p hosp hinyl]e t hyl 2- c hloroe thyl e s t e r 

1.8 5E- 0 4  7.73E- 0 5  4 .0 9 E- 0 5  2.33E- 0 5  9 .74 E- 0 6  5 .15E- 0 6  

5324 - 12- 9  2,3- Dib rom op rop ylp hosp ha te  9 .0 1E- 0 4  3.77E- 0 4  1.9 9 E- 0 4  1.14 E- 0 4  4 .75E- 0 5  2.51E- 0 5  

54 12- 25- 9  Bis (2,3- d ib rom op rop yl) hyd roge n p hosp ha te  2.58 E- 0 4  1.0 8 E- 0 4  5 .70 E- 0 5  3.25E- 0 5  1.36 E- 0 5  7.18 E- 0 6  

6 14 5- 73- 9  Tris (2- c hlorop rop yl) p hosp ha te  5 .39 E- 0 4  2.25E- 0 4  1.19 E- 0 4  6 .78 E- 0 5  2.8 4 E- 0 5 1.50 E- 0 5  

6 29 4 - 34 - 4  Bis (2- c hloroe thyl) 2- c hloroe thylp hosp hona te  8 .9 4 E- 0 4  3.74 E- 0 4  1.9 8 E- 0 4  1.13E- 0 4  4 .72E- 0 5  2.4 9 E- 0 5  

6 74 9 - 73- 1 Tris (1,3- d ic hlorop rop an- 2- yl) p hosp hit e  3.29 E- 0 4  1.38 E- 0 4  7.29 E- 0 5  4 .15E- 0 5  1.74 E- 0 5  9 .18 E- 0 6  

70 4 6 - 6 4 - 2 Tris (2,4 ,6 - t rib rom op he nyl) p hosp ha te  2.52E- 0 5  1.0 5E- 0 5  5 .57E- 0 6  3.17E- 0 6  1.33E- 0 6  7.0 1E- 0 7 

136 74 - 8 4 - 5  Tris (2- c hloroisop rop yl)p hosp ha te  5 .6 5E- 0 4  2.36 E- 0 4  1.25E- 0 4  7.11E- 0 5  2.9 8 E- 0 5  1.57E- 0 5  

76 6 4 9 - 15- 5  (2- Chloro- 1- m e thyle thyl) b is (2- c hlorop rop yl) p hosp ha te  5 .4 3E- 0 4  2.27E- 0 4  1.20 E- 0 4  6 .8 4 E- 0 5  2.8 6 E- 0 5  1.51E- 0 5  

136 74 - 8 7- 8  Tris (1,3- d ic hloro- 2- p rop yl) p hosp ha te  2.9 9 E- 0 4  1.25E- 0 4  6 .6 1E- 0 5  3.76 E- 0 5  1.57E- 0 5  8 .33E- 0 6  

19 18 6 - 9 7- 1 Tris (t rib rom one op e ntyl)p hosp ha te  3.4 2E- 0 5  1.4 3E- 0 5  7.56 E- 0 6  4 .30 E- 0 6  1.8 0 E- 0 6  9 .52E- 0 7 
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  Dose – Polyurethane  
(mg/kg/day)  

Dose – Polypropylene  
(mg/kg/day)  

CASRN Chemical  <1 yr 1–2 yrs  3–5 yrs  <1 yr 1–2 yrs 3–5 yrs  

2756 8 - 9 0 - 7 Ethanol, 2- b rom o- , p hosp ha te  (3:1) 3.8 0 E- 0 4  1.59 E- 0 4  8 .4 2E- 0 5 4 .79 E- 0 5  2.0 0 E- 0 5 1.0 6 E- 0 5  

33125- 8 6 - 9  Phosp horic  ac id , 1,2- e thane d iyl t e t rakis (2- c hloroe thyl) 
e s t e r 

3.0 4 E- 0 4  1.27E- 0 4  6 .73E- 0 5  3.8 3E- 0 5  1.6 0 E- 0 5  8 .4 8 E- 0 6  

356 5 6 - 0 1- 0  Tris (2- b rom o- 4 - m e thylp he nyl) p hosp ha te  1.22E- 0 4  5 .10 E- 0 5  2.6 9 E- 0 5  1.53E- 0 5  6 .4 2E- 0 6  3.39 E- 0 6  

38 0 51- 10 - 4  Phosp horic  ac id , 2,2- b is (c hlorom e thyl)- 1,3- p rop ane d iyl 
t e t rakis (2- c hloroe thyl) e s t e r 

1.8 5E- 0 4  7.75E- 0 5  4 .10 E- 0 5  2.33E- 0 5  9 .76 E- 0 6  5 .16 E- 0 6  

6 6 10 8 - 37- 0  2,2- Bis (b rom om e thyl)- 3- c hlorop rop yl b is [2- c hloro- 1-
(c hlorom e thyl)e thyl] p hosp ha te  

1.6 8 E- 0 4  7.0 3E- 0 5  3.72E- 0 5  2.12E- 0 5  8 .8 5E- 0 6  4 .6 8 E- 0 6  

76 0 25- 0 8 - 6  Bis (2- c hloro- 1- m e thyle thyl) 2- c hlorop rop yl p hosp ha te  5 .4 8 E- 0 4  2.29 E- 0 4  1.21E- 0 4  6 .9 0 E- 0 5  2.8 9 E- 0 5  1.53E- 0 5  

8 4 28 2- 27- 9  2- Brom oe thyl 5 - b rom op e ntyl 2- c hloroe thyl p hosp ha te  3.50 E- 0 4  1.4 6 E- 0 4  7.74 E- 0 5  4 .4 0 E- 0 5 1.8 4 E- 0 5 9 .75E- 0 6  

4 0 120 - 74 - 9  Tris (1,3- d ic hlorop rop yl)p hos p ha te  2.9 3E- 0 4  1.22E- 0 4  6 .4 8 E- 0 5  3.6 9 E- 0 5  1.54 E- 0 5  8 .16 E- 0 6  
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4.2.2. Personal Dermal Loading ( Wipe Data ) 
Thirt y- one  d a t a  s e t s  from  nine  s t ud ie s  we re  id e nt ifie d  with re p ort e d  m e d ian 
c onc e nt ra t ions  of TCEP (n = 10 ), TCIPP (n = 5 ), TDCIPP (n = 9 ), and  t he  sum  of 
t ris c hlorop rop ylp hosp hat e  isom e rs  (∑TCPP; n  = 7) in hand wip e s . All d a t a  s e t s  we re  
c onve rt e d  t o unit s  of m ass  p e r surfac e  a re a  s am p le d  us ing t he  s t ud y- re p orte d  sam p ling 
a re a  (e .g., p a lm , b ac k of hand ) and  re c om me nd e d  age - sp e c ific  b od y we ight s  and  surfac e  
a re a- to- b od y we ight  ra t ios  (U.S. EPA, 20 11). Eac h d a t a  s e t  was  m ap p e d  t o t he  c lose s t  age  
group , and  a  p oole d  c e nt ra l t e nd e nc y c onc e nt ra t ion was  c a lc ula t e d  for e ac h c he m ic a l-
age  group  c om b ina t ion us ing s t ud y- re p ort e d  m e d ians  and  sam p le  s ize . Note  t ha t  t he  
m e thod  of c a lc ula t ing a  p oole d  c e nt ra l t e nd e nc y va lue  for hand wip e  d a t a  d iffe re d  from  
the  m e thod  use d  for ind oor d us t  (Ap p roac h 3); t he  la t t e r would  have  e xc lud e d  one - third  
of t he  d a t a  s e t s . 

Ave rage  d a ily d ose  from  d ire c t  d e rm al e xp osure  was  c a lc ula t e d  us ing two me thod s : 
(i) t he  frac t ion ab sorb e d  m e thod  and  (ii) t he  p e rm e ab ilit y c oe ffic ie nt  m e thod . Figure  3 
p re se nt s  t he  range  of e s t im ate d  d ose s  ac ros s  a ll age  group s  b y c he mic a l, with age - group  
sp e c ific  d ose s  and  p oole d  m e d ians  ava ilab le  in Tab le  14 . In ge ne ra l, d ose s  c a lc ula t e d  
us ing t he  frac t ion ab sorb e d  me thod  we re  within two ord e rs  of m agnitud e  for t he  four 
c he m ic a ls , whe re as  d ose s  c a lc ula t e d  us ing t he  p e rme ab ilit y c oe ffic ie nt  m e thod  sp anne d  
four ord e rs  of m agnitud e . Cons is t e nt  with t he  re sult s  found  in Liu e t  a l. (20 17), highe r 
d ose s  we re  c a lc ula t e d  us ing t he  p e rme ab ilit y c oe ffic ie nt  m e thod  c om p are d  t o t he  
frac t ion ab sorb e d  m e thod  for a ll c he m ic a ls . 

 
Figure 3. Range of Estimated Direct Dermal Exposure s Across Age Groups , by Chemical , Based on 
Measured Handwipe Data  and Using the Fraction Absorbed and Permeability Coefficient Methods.  
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Table  14. Pooled Medians and Direct Dermal Dose by Age Group and Chemical  Using the Fraction 
Absorbed and Permeability Coefficient Methods . 

   Dose (mg/kg/day)  

Chemical  Age Group  Pooled Median  
(pg/cm 2) 

Fraction 
Absorbed  

Permeability 
Coefficient  

TCEP 1– 2 ye ars  8 6 .3 
(n = 1) 

6 .16 E- 0 7 3.4 6 E- 0 4  

TCEP 3– 5  ye ars  3.4 2 
(n = 1) 

2.11E- 0 8  1.19 E- 0 5  

TCEP ≥21 ye ars  110  
(n = 8 ) 

4 .18 E- 0 7 2.35E- 0 4  

TCIPP 1– 2 ye ars  15 .5  
(n = 1) 

9 .36 E- 0 8  3.21E- 0 6  

TCIPP 3– 5  ye ars  53.6  
(n = 2) 

2.79 E- 0 7 9 .57E- 0 6  

TCIPP ≥21 ye ars  18 0  
(n = 2) 

5 .77E- 0 7 1.9 8 E- 0 5  

∑TCPP ≥21 ye ars  256  
(n = 7) 

8 .21E- 0 7 2.8 2E- 0 5 

TDCIPP 1– 2 ye ars  9 .6 6  
(n = 1) 

2.9 6 E- 0 8  5 .51E- 0 8  

TDCIPP 3– 5  ye ars  129  
(n = 2) 

3.4 1E- 0 7 6 .36 E- 0 7 

TDCIPP ≥21 ye ars  28 8  
(n = 6 ) 

4 .6 6 E- 0 7 8 .74 E- 0 7 

 

4.2.3. Personal Air Concentrations  
The re  we re  12 e xt rac t e d  d a t a  s e t s  from  thre e  s t ud ie s  re p ort ing p e rsonal a ir 
c onc e nt ra t ions  for t he  ge ne ra l p op ula t ion. Ac ros s  t he  t hre e  s t ud ie s , c onc e nt ra t ions  we re  
re p orte d  for (i) c om b ine d  inha lab le  and  re sp irab le  frac t ions , (ii) s e p ara t e  inha lab le  and  
re sp irab le  frac t ions , and  (iii) re sp irab le  frac t ion only. Due  t o t he  lim ite d  num b e r of d a t a  
s e t s  ava ilab le , we  use d  d a t a  from  b oth frac t ions  t o c a lc ula t e  a  p oole d  c e nt ra l t e nd e nc y 
va lue  for e ac h c he m ic a l us ing s t ud y- re p ort e d  m e d ians  and  sam p le  s ize . Note  t ha t  t he  
m e thod  of c a lc ula t ing a  p oole d  c e nt ra l t e nd e nc y va lue  for p e rsonal a ir c onc e nt ra t ions  
d iffe re d  from  the  m e thod  use d  for ind oor d us t  (Ap p roac h 3) d ue  t o t he  lim it e d  num b e r of 
d a t a  s e t s  ava ilab le . 

Figure  4  p re se nt s  t he  e s t im ate d  inha la t ion e xp osure  b y age  group  and  c he m ic a l 
c orre sp ond ing t o p oole d  m e d ian c onc e nt ra t ions  of 4 .9 , 140 , 3.9 , and  28  ng/m 3 for TCEP, 
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TCIPP, TDCIPP, and  ∑TCPP, re sp e c t ive ly. TCEP and  TDCIPP d ose s  range d  from  3.6 ×10 ‑7 to 
1.7×10 ‑6 mg/kg/day, whereas doses for TCIPP and ∑TCPP ranged from 2.6×10‑6 to 
5 .0 ×10 ‑5 mg/kg/day. 

 
Figure 4. Estimated Inhalation  Exposure by Chemical and Age Group Based on Personal Air 
Monitoring Data . 

4.2.4. Product Emission Data and/or Mass Transfer Parameters  
Product emission data and/or mass transfer  parameters from seven studies were 
extracted for s ix products. Three types of  data were available: (i) steady - state , area-
specific emission rates (or emission factors  in μg/m 2/hr ); (ii)  the initial content of the 
c he m ic a l in t he  solid  mate ria l (𝐶𝐶0 in μg/m3), the material/air partition coefficient (𝐾𝐾𝑚𝑚𝑐𝑐, 
d im e ns ionle s s ), and  t he  solid - p hase  d iffus ion c oe ffic ie nt  (𝐴𝐴𝑚𝑚 in m 2/h); and  (iii) t he  gas -
p hase  c onc e nt ra t ion in e q uilib rium  with t he  mate ria l (𝑦𝑦0 in μg/m3). Individual steady-state 
c onc e nt ra t ions  we re  firs t  e s t im ate d  for e ac h d a t a  s e t  b e fore  c a lc ula t ing a  p oole d  va lue  for 
e ac h c he m ic a l- p rod uc t  c om b ina t ion. 

Figure  5  shows  t he  e s t im ate d  p oole d  s t e ad y- s t a t e  a ir c onc e nt ra t ions  for a  whole  house , 
whic h range d  from  0 .15  t o 30 2 ng/m 3, d e p e nd ing on t he  p rod uc t . TCEP had  d a t a  for only 
one  p rod uc t , p olyisoc yanura t e  (PIR) foam, and  TDCIPP had  d a t a  for two p rod uc t s , 
p olye s t e r c urt a ins  and  PIR foam . TCIPP was  e m it t e d  from  five  p rod uc t s , with m at t re s se s  
having t he  lowe s t  e m is s ions , re sult ing in a  s t e ad y- s t a t e  a ir c onc e nt ra t ion of 0 .15  ng/m 3, 
and  up hols t e re d  furniture  having t he  highe s t  e m is s ions  with a  s t e ad y- s t a t e  a ir 
c onc e nt ra t ion of 30 2 ng/m 3. All e s t im ate d  s te ad y- s t a t e  a ir c onc e nt ra t ions  had  an 
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ad jus tm e nt  fac tor of 4  ap p lie d  t o c orre c t  for s ink e ffe c t s  (i.e ., c he m ic a l m ass  s e t t ling in 
d us t  or s t ic king t o surfac e s ). In ad d it ion, for PIR insula t ing b oard s , we  a lso ap p lie d  an 
ad jus tm e nt  fac tor of 10  t o ac c ount  for t he  fac t  t ha t  t he se  b oard s  will b e  b e hind  a  wall and  
a re  not  e xp ose d  sourc e s . Corre sp ond ing inha la t ion e xp osure s  from  p rod uc t  e m is s ions  for 
e ac h c he m ic a l- p rod uc t  c om b ina t ion a re  shown in Figure  6 . 

 
Figure 5. Estimated Steady - state Air Concentrations from Product Emissions Calculated from 
Product Emission Data and/or Mass Transfer  Parameters.  
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Figure 6. Estimated Inhalation Exposure by Product, C hemical , and Age Group Based on Product 
Emission Data and/or Mass Transfer Parameters.  

4.2.5. Spray Polyurethane Foam Data and/or Parameters  
Sp ray p olyure thane  foam  (SPF) insula t ion is  a  sp e c ia l use  s c e nario t ha t  has  ava ilab le  
e m p iric a l d a t a . Due  t o the  c om p le x na ture  of the  sp ray ap p lic a t ion in t yp ic a lly 
unoc c up ie d  a re as  of a  b uild ing (e .g., a t t ic , c rawlsp ac e ) and  sub se q ue nt  longe r- t e rm  fa t e  
and  t ransp ort  within t he  b uild ing, a  s ingle - zone  m od e l, suc h as  CEM, would  not  b e  t he  
b e s t  fit  for t his  p rod uc t . A m ult i- zone  m od e l, suc h as  EPA’s  Ind oor Environm e nta l 
Conc e nt ra t ions  in Build ings  with Cond it ione d  and  Unc ond it ione d  Zone s  (IECCU) or NIST’s  
CONTAM, c an c harac te rize  b oth short e r- t e rm  and  longe r- te rm  e m is s ions  and  
sub se q ue nt  fa t e  and  t ransp ort  within a  b uild ing ac ros s  m ult ip le  rooms  or zone s .  

Sp ray ap p lic a t ion e xp osure s  a re  e xp e c t e d  t o b e  ord e rs  of m agnitud e  highe r t han t yp ic a l 
re s id e nt ia l e xp osure s  and  c onsum e rs  a re  ad vise d  t o le ave  t he  home  for t he  e nt ire  d ay of 
sp ray- foam  ap p lic a t ion. In a  re c e nt  s t ud y t hat  c olle c te d  hand wip e , p e rsonal a ir, and  
b iom onitoring d a t a  for sp ray foam  ap p lic a t ion worke rs  p re -  and  p os t - shift  (Es t ill e t  a l., 
20 19 ), t he  range  of p e rsona l- b re a thing zone  TCIPP a ir c onc e nt ra t ions  for worke rs  ove r an 
8 - hour shift  range d  from  2.6 2 t o 519  µg/m 3. For c om p arison, t he  up p e r range  of p e rsonal 
b re a thing zone  a ir c onc e nt ra t ions  and  e s t im ate d  a ir c onc e nt ra t ions  from  e m p iric a l 
e m is s ion range s  we re  0 .1 t o 0 .5  µg/m 3 with more  t yp ic a l va lue s  re p ort e d  in nanogram s  
p e r m 3 (se e  Se c t ion 4 .2.3). 
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While  t he se  short - t e rm  e le va t e d  va lue s  we re  not  use d  in t his  e xp osure  as se s sm e nt  
b e c ause  t he y a re  for worke r, ra t he r t han c onsum e r, p op ula t ions , t he y c ould  b e  
c ons id e re d  in t he  future  for uniq ue ly e xp ose d  p op ula t ion group s . The se  le ve ls  a re  not ab le  
as  t he y a re  one  t o two ord e rs  of m agnitud e  highe r t han a ir c onc e nt rat ions  use d  t o 
c a lc ula t e  d ose s  in Tab le  15 .  

To e va lua t e  c onsum e r e xp osure s  t o  SPF, a  CPSC- sp onsore d  NIST s tud y use d   
m ic roc ham b e rs  t o  c harac t e rize  e m is s ions  of TCIPP and  othe r c he m ic a ls  from  SPF. 
Diffe re nc e s  in t e s t ing c ond it ions  (flow ra t e , t e m p e ra ture , age  of m ate ria l, and  c ond it ion of 
m ate ria l) we re  e xp lore d . Em is s ions  from  TCIPP re m aine d  re la t ive ly c ons t ant  ove r t he  t im e  
p e riod  of t e s t ing (30 0  hours ). The re  was  a lso lit t le  d iffe re nc e  b e twe e n ne we r foam  (afte r 
ap p lic a t ion) and  age d  foam  (ye ars  old ) ind ic a t ing p ot e nt ia l for long- te rm  e m is s ions  into 
re s id e nc e s  (Pop p e nd ie c k e t  a l., 20 17). 

In a  follow- up  s tud y, a  m ore  in- d e p th c om p arison of m od e le d  e s t im ate s  of TCIPP and  
m e asure d  re p ort s  of TCIPP in NIST’s  Ne t - Ze ro house , whe re  SPF was  t he  only p oss ib le  
sourc e  of TCIPP in t he  hom e , showe d  good  agre e me nt  b e twe e n t he  two. Both t he  m od e l 
and  m e asure d  d a t a  showe d  highe r c onc e nt rat ions  in t he  b ase m e nt  (whe re  t he  foam  is  
loc a t e d ) c om p are d  t o the  living a re a . The  s t ud y a lso q uant ifie d  c hange s  in a ir 
c onc e nt ra t ion of TCIPP b ase d  on t e mp e ra ture  and  a irflow variab ilit y with t he  b uild ing 
(Pop p e nd ie c k e t  a l., 20 21).  

For t his  PHOP e xp osure  as se s sm e nt , a  range  of round e d  va lue s  b ase d  on b oth m e asure d  
and  m od e le d  TCIPP e mis s ions  re p ort e d  in Pop p e nd ie c k e t  a l. (20 21) we re  c ons id e re d  for 
e s t im at ing inha la t ion e xp osure  (Tab le  15 ). In b ase m e nt s  or unoc c up ie d  sp ac e s , a  range  of 
2.5  t o  5  µg/m 3 of TCIPP in a ir was  c ons id e re d , and  a  va lue  of 3 µg/m 3 was  use d . In living 
sp ac e s , a  range  of 0 .75  t o 1.5  µg/m 3 was  c ons id e re d , and  a  va lue  of 1 µg/m 3 was  use d . For 
t his  s c e nario, we  as sum e d  22 hours  p e r d ay we re  sp e nt  in t he  hom e  (2 hours  of ze ro 
e xp osure ), with 0 .5  hours  sp e nt  in t he  b ase me nt  and  21.5  hours  sp e nt  in t he  living a re a . 
Us ing t he se  c onc e nt ra t ions  and  t im e  sp e nt  in t he  b ase m e nt  and  living a re a  gave  an 
e s t im ate d  inha la t ion e xp osure  of 8 .77×10 ‑5 and  2.6 0 ×10 ‑4 m g/kg/d ay for ad ult s  and  3- 5  
ye ar old s , re sp e c t ive ly. 

For inge s t ion, sp e c ific a lly d us t  inge s t ion, d us t  c onc e nt ra t ions  c an b e  e s t im ate d  whe n a ir 
c onc e nt ra t ions  a re  ava ilab le  and  s t e ad y- s t a t e  c ond it ions  a re  as sum e d , as  d e sc rib e d  in 
Ap p roac h 3 (Se c t ion 3.4 ). The  use  of Ap p roac h 3 t o e s t im ate  d us t  c onc e nt ra t ions  is  
sup p ort e d  b y a  re c e nt  s t ud y t ha t  c ond uc t e d  fie ld  m e asure me nt s  and  m od e ling of TCIPP 
and  othe r c he m ic a ls  in ind oor a ir and  on ind oor surfac e s  a fte r SPF ap p lic a t ion (Tian e t  a l., 
20 18). Tian e t  a l. (20 18) q uant ifie d  d e p os it ion of TCIPP a t t ac he d  t o p art ic le s  onto ind oor 
surfac e s  suc h as  c arp e t  and  d rywall. The  t ot a l susp e nd e d  p art ic le  c onc e nt ra t ion in t he  
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a ir, t he  t yp e s  of ind oor surfac e s , and  t he  t yp e s  of flooring (c arp e t  or hard  surfac e ) a ll 
influe nc e d  re p ort e d  le ve ls  of p art ic le s  d e p os ite d  t o surfac e s . Ap p lying Ap p roac h 3 for 
t his  PHOP as se ssm e nt , and  as sum ing a  c om b ine d  TCIPP gas - p hase  and  p art ic ula t e -
p hase  a ir c onc e nt ra t ion of 1 µg/m 3 in t he  living sp ac e  and  3 µg/m 3 in t he  b ase m e nt , re sult s  
in a  c onc e nt ra t ion of 6 3 and  189  µg/g in d us t  and  c orre sp ond ing inge s t ion e xp osure  of 
1.21×10 ‑5 and  7.79 ×10 ‑5 m g/kg/d ay for ad ult s  and  3- 5  ye ar old s , re sp e c t ive ly.  

Fina lly, for d e rm al e xp osure s , a  re c e nt  s t ud y use d  hand  wip e  d a t a  t o  d e m ons t ra t e  
t rans fe r of TCIPP to skin a ft e r d ire c t  c ont ac t  with one - c om p one nt  SPF, anothe r kind  of 
SPF use d  t o fill gap s  in sm alle r sp ac e s . We  c a lc ula t e d  d e rm al d ose s  for a ll hand  wip e  d a t a  
and  re p ort  t he  la rge s t  va lue s  in Tab le  15 . For e ac h age  group , t he re  was  a  fac tor of 5  
d iffe re nc e  b e twe e n highe s t  and  lowe s t  re p orte d  d ose s . The  d ose  for ad ult s  was  
3.29 ×10 ‑7 m g/kg/d ay and  t he  d ose  for 3- 5  ye ar- old s  was  5 .34×10 - 7 mg/kg/d ay (Brand sm a 
e t  a l., 20 21). 

Table  15. Chronic Average Daily Doses (m g/kg/day) of T CIPP for Spray Polyurethane Foam Scenario 
Based on Available Empirical and Modeled Data . 

Scenario  Receptor  Dermal  Ingestion  Inhalation  Total  

Large - sc a le  sp ray p olyure thane  foam  in 
unoc c up ie d  a re as  of re s id e nc e  as  insula t ion 
(inge s t ion, inha la t ion) and  s m all- sc a le  ap p lic a t ion 
to  fill in gap s  and  c rac ks  (d e rm al) 

Ad ult  3.29 E- 0 7 1.21E- 5  8 .77E- 0 5  1.0 0 E- 0 4  

3– 5  yrs  5 .34 E- 0 7 7.79 E- 5  2.6 0 E- 0 4  3.39 E- 0 4  

4.2.6. Uncertainties and Limitations  
In ge ne ra l, d ose s  e s t imate d  from  e mp iric a l m e asure m e nt s  we re  b ase d  on lim it e d  d a t a ; as  
suc h, t he re  is  unc e rt a inty on whe the r t he  d a t a  we  use d  re p re se nt  t he  full range  of d a t a  
ava ilab le  in t he  lit e ra ture . 

Migra t ion ra t e s  from  p rod uc t s  into s a liva  we re  ava ilab le  for only TCIPP and  TDCIPP from  
two s tud ie s , with an ad d it iona l two s tud ie s  re p ort ing m igra t ion ra t e s  into a rt ific ia l swe at  
for t he  s am e  two c he mic a ls . In t he  ab se nc e  of d a t a , we  use d  a  re gre s s ion m od e l 
d e ve lop e d  b y Aurisano e t  a l. (20 22) t o e s t im ate  m igra t ion ra t e s  into s a liva  for a ll PHOPs  
and  ap p lie d  an ad jus tm e nt  fac tor t o  c orre c t  for t he  d iffe re nc e  ob se rve d  b e twe e n 
m e asure d  and  m od e le d  ra t e s . The  authors  not e d  t he  m od e l was  we ll suit e d  for c he m ic a l-
m ate ria l c om b ina t ions  inc lud e d  in t he  t ra ining d a t a  s e t , for whic h PHOP c he m ic a ls  we re  
not  a  p art . De sp it e  t he  p ot e nt ia l lac k of ap p lic ab ilit y t o  PHOPs , we  c hose  t o use  t his  
re gre s s ion m od e l as  t he  e s t im ate d  m igra t ion ra t e s  we re , in ge ne ra l, highe r t han t he  
m e asure d  ra t e s  for t he  four s t ud ie s  with re p ort e d  TCIPP and  TDCIPP d a t a , le ad ing t o 
c onse rva t ive  e s t im ate s  of e xp osure . More  e xp e rim e nta l d a t a  for othe r PHOPs  are  ne e d e d  
t o va lid a t e  t he  use  of this  m od e l or t o  use  d ire c t ly in t he  e xp osure  c a lc ula t ions .  
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To e s t im ate  m igra t ion ra t e s  into s a liva  for a ll PHOPs , a  re q uire d  inp ut  t o  t he  Aurisano 
m od e l is  init ia l c onc e nt ra t ion in t he  p rod uc t . As  p re vious ly d isc us se d  in Se c t ion 4 .1.5 , 
t he re  a re  lim it e d  d a t a  ava ilab le  in t he  lit e ra ture  for init ia l p rod uc t  c onc e nt ra t ions , and , 
whe n ava ilab le , va lue s  c ould  vary d e p e nd ing on t he  s t ud y. Sim ila r t o  Ap p roac h 1, we  use d  
an init ia l c onc e nt ra t ion of 1,0 0 0  p p m  (e q ual t o  0 .1% or 1 m g/g), and  we  c onfirm e d  us ing 
TCIPP in (p olyure thane ) foam  m ate ria l t ha t  m igra t ion ra t e s  s c a le d  line arly with init ia l 
c onc e nt ra t ion b e twe e n 0 .1% and  10 %, a lb e it  not  on a  1:1 b as is . Onc e  p rod uc t  
c onc e nt ra t ion d a t a  b e c om e  ava ilab le , t he  e s t im ate d  m igra t ion ra t e s  and  c orre sp ond ing 
d ose s  c an b e  ad jus t e d  ac c ord ingly. 

Pe rsonal d e rm al load ing (wip e  d a t a ) we re  ava ilab le  for TCEP, TCIPP, TDCIPP, and  ∑TCPP, 
b ut  t he  num b e r of d a t a  s e t s  p e r c he m ic a l- age  group  was  ge ne ra lly low. With t he  
e xc e p t ion of t he  TCEP, ∑TCPP, and  TDCIPP ad ult s , t he  p oole d  c e nt ra l t e nd e nc y va lue s  for 
t he  othe r c he m ic a l- age  group s  we re  b ase d  on only 1– 2 d a t a  s e t s . Whe n c a lc ula t ing 
d ose s , we  as sume d  tha t  t he  hand s  we re  t he  only surfac e  a re a  e xp ose d , le ad ing t o a  like ly 
und e re s t im at ion of e xp osure . In a  s t ud y t ha t  looke d  a t  ha loge nat e d  flam e  re t a rd ant s  and  
p olyc hlorina t e d  b ip he nyls , Cao e t  a l. (20 19 ) showe d  tha t  whe n skin wip e  sam p le s  we re  
t ake n from  four t yp ic a l skin loc a t ions  (i.e ., fore arm , foot , fac e , and  hand ), t he  c he m ic a l 
c onc e nt ra t ions  in hand s  ac c ounte d  for ap p roxim ate ly 40 %, on ave rage , of t ot a l c he m ic a l 
c onc e nt ra t ions  ac ros s  t he  four loc a t ions . This  sugge s t s  t ha t  e s t im ate d  d e rm al e xp osure s  
m ay inc re ase  b y a  fac tor of 2 t o  ac c ount  for d e rm al surfac e  a re a  on othe r b od y p art s . 

Pe rsona l a ir m onitoring d a t a  had  a  s im ila rly lim it e d  num b e r of d a t a  s e t s  ava ilab le . As  
p re vious ly m e nt ione d , b e c ause  of t he  lac k of d a t a , we  c om b ine d  d a t a  on inha lab le  and  
re sp irab le  frac t ions  and  use d  a  frac t ion ab sorb e d  va lue  of 0 .5  for a ll c he m ic a ls . The  
inha lab le  and  re sp irab le  frac t ions  m ay ne e d  t o b e  t re a t e d  d iffe re nt ly t o re fle c t  t he ir 
d iffe re nt  p e ne t ra t ion into t he  lungs , and  c he m ic a l- sp e c ific  ab sorp t ion frac t ions  should  b e  
use d  onc e  t he  d a t a  a re  ava ilab le . 

Prod uc t  e m is s ion d a t a /m ass  t rans fe r p aram e te rs  we re  ava ilab le  for only a  sm all sub se t  of 
p rod uc t s , with TCEP and  TDCIPP e m is s ions  ava ilab le  for only one  p rod uc t . Ad d it iona l 
t e s t ing with m ore  p rod uc t s  and  with re p lic a t e s  would  p rovid e  m ore  d a t a  p oint s  t o  he lp  
c harac t e rize  varianc e . Sim ila r t o  p e rsonal a ir d a t a , c he m ic a l- sp e c ific  ab sorp t ion frac t ions  
should  b e  use d  onc e  t he  d a t a  a re  ava ilab le . The  d a t a  s e t s  we  foc use d  on for our ana lys is  
we re  for s te ad y- s t a t e  e m is s ions  as  c harac t e rize d  b y e m is s ion ve rsus  t im e  p lot s . Future  
ana lyse s  c an c ons id e r non- s t e ad y- s t a t e  e m iss ions  (e .g., e m is s ions  of ne w p rod uc t s  right  
a ft e r re m oval from  p ac kaging) t o  re fle c t  t he  variab le  e m is s ions  t ha t  would  oc c ur for 
c hronic  e xp osure s . 
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For hand wip e , p e rsonal a ir, and  p rod uc t  e m is s ions  d a t a , p oole d  c e nt ra l t e nd e nc y va lue s  
we re  c a lc ula t e d  b y ave raging t he  s t ud y- re p ort  m e d ians  (for hand wip e  and  p e rsona l a ir) 
or s t ud y- re p ort  p oint  va lue s . The re  a re  d iffe re nt  c hoic e s  ava ilab le  for c a lc ula t ing a  
c e nt ra l t e nd e nc y va lue , and  c hoos ing a  d iffe re nt  op t ion (e .g., ge ome t ric  m e an) m ay re sult  
in d iffe re nt  va lue s . Exp osure  fac tors  suc h as  b od y we ight  and  inha la t ion ra t e  we re  s e t  t o  
s ingle  va lue s  for e ac h age  group  b ut  c ould  b e  varie d  in future  ana lyse s  t o  ob t a in a  
d is t rib ut ion of e xp osure s . 

4.3. Exposures Estimated  from Indoor Dust  Monitoring  Data  
(Approach 3)  

Conc e nt ra t ions  of PHOPs  in s e t t le d  d us t  we re  ava ilab le  from  30  s t ud ie s  ac ros s  6  PHOPs  
(and  a lso ∑TCPP) for a  t ot a l of 182 d a t a  s e t s . Dat a  s e t s  t ha t  re p ort e d  (i) d us t  load ings  
ins t e ad  of d us t  c onc e nt ra t ion, (ii) only s ingle  p oint  va lue s , (iii) two or fe we r p e rc e nt ile s , or 
(iv) p e rc e nt ile s  in an inc ons is t e nt  ord e r (e .g., the  re p orte d  me d ian was  lowe r t han t he  
25 th p e rc e nt ile ) we re  e xc lud e d . Eac h d a t a  s e t  was  as sum e d  to have  a  norm al d is t rib ut ion 
and  fit t e d  in log sp ac e  (lognorm al) t o  d e te rm ine  t he  ge om e t ric  me an (GM) and  ge om e t ric  
s t and ard  d e via t ion (GSD). 

Base d  on t he  ind oor e nvironm e nt  s am p le d  and  t he  d e sc rip t ion of p ot e nt ia l OFR sourc e s  
in t he  vic init y of t he  s am p ling s it e , d a t a  s e t s  we re  group e d  into four b ins : (i) re s id e nt ia l 
ge ne ra l p op ula t ion, (ii) re s id e nt ia l e le va t e d  sourc e , (iii) c om me rc ia l ge ne ra l p op ula t ion, 
and  (iv) c om me rc ia l e le va t e d  sourc e . A p oole d  GM was  t he n c a lc ula te d  in log sp ac e , not  
re gular sp ac e , for e ac h b in- c he m ic a l c omb ina t ion, with t he  num b e r of s am p le s  as  t he  
we ight ing fac tor. Two ad d it iona l b ins  (ve hic le s  and  sc hools ) we re  init ia lly c ons id e re d ; 
howe ve r, a  c om p arison of t he  p oole d  GMs  b y c he m ic a l found  t ha t  t he  inc lus ion of 
s c hools  in t he  re s id e nt ia l ge ne ra l p op ula t ion b in—and , s im ila rly, t he  inc lus ion of ve hic le s  
in t he  c om m e rc ia l ge ne ra l p op ula t ion b in—had  only a  sm all im p ac t  (20 %– 30 %) c om p are d  
t o t he  b ase  group  and  was  c ons id e re d  t o b e  within s t ud y- to- s tud y variab ilit y. 

4.3.1. Comparison of Pooled Dust GMs to Mitro et al. (2016)  
Tab le  16  p re se nt s  t he  p oole d  d us t  GMs  b y b in, a long with t he  num b e r of d a t a  s e t s  use d  t o 
c a lc ula t e  t he  p oole d  GM for s ix PHOPs  and  ∑TCPP. Be c ause  t he  d a t a  we re  from  a  foc use d  
se arc h, t he  p oole d  GMs  m ay not  b e  re p re se nta t ive  of t he  full range  of d a t a  ava ilab le  in 
t he  lit e ra ture . For c omp arison, t he  p oole d  GMs  for TCEP, TCIPP, and  TDCIPP c a lc ula t e d  b y 
Mit ro e t  a l. (20 16) a re  a lso shown in t he  t ab le . Mit ro e t  a l. (20 16) c ond uc t e d  a  sys t e m at ic  
lit e ra ture  re vie w of ind oor d us t  d a t a  from  the  Unit e d  St a t e s  b e twe e n 20 0 0  and  20 15 . 
The y not e d  t ha t  t he ir inc lud e d  s t ud ie s  t e nd e d  t o foc us  on sam p le s  c olle c t e d  a round  
re se arc h unive rs it ie s  and , t he re fore , m ay not  b e  na t iona lly re p re se nta t ive . 
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The  p oole d  d us t  GMs  for TCEP, TCIPP, and  TDCIPP c a lc ula t e d  in t his  re p ort  we re  lowe r 
t han t he  p oole d  GMs  re p ort e d  b y Mit ro e t  a l. (20 16 ) b y a  fac tor of 4– 16 . The  d iffe re nc e  in 
va lue s  is  d ue  t o t he  d a t a  s e t s  use d  t o c a lc ula te  t he  p oole d  va lue s . Mit ro e t  a l. (20 16) use d  
only d a t a  s e t s  from  the  Unit e d  St a t e s , whe re as  our ana lys is  d id  not  have  any ge ograp hic  
re s t ric t ions . For a ll t hre e  c he m ic a ls , Figure  7 shows  (i) t he  his t ogram  of ind ivid ua l GMs  
use d  in t his  re p ort  t o  c a lc ula t e  a  p oole d  GM, (ii) t he  p oole d  GMs  from  Mit ro e t  a l. (20 16), 
and  (iii) t he  p oole d  GM c a lc ula t e d  in t his  re p ort . As  s e e n in t he  figure , m ore  t han ha lf of 
t he  d a t a  s e t s  use d  had  GMs  lowe r t han t he  p oole d  GM of Mit ro e t  a l. (20 16 ). In ad d it ion, 
for a ll t hre e  c he m ic a ls , t he re  we re  a t  le as t  two d a t a  s e t s  with la rge  s am p le  s ize s , n, t ha t  
re p orte d  low GMs . For e xam p le , TCEP had  two d a t a  s e t s  t ha t  re p ort e d  GMs  of 157 ng/g 
(n = 341) and  2.3 ng/g (n = 10 0 ). 

Table  16. Pooled Dust Geometric Means by Bin . 

 
Residential  

(ng/g)  
Commercial  

(ng/g)  
Total  
(ng/g)  

Chemical  Gen Pop Elevated  Combined  Gen Pop Elevated  Combined  Gen Pop Elevated  Combined  

TCEP 20 3 
(n = 4 0 ) 

1,121 
(n = 2) 

20 7 
(n = 4 2) 

1,321 
(n = 10 ) 

1,9 8 3 
(n = 3) 

1,358  
(n = 13) 

24 9  
(n = 50 ) 

1,4 4 8  
(n = 5) 

257 
(n = 55) 

TCEP (Mit ro 
e t  a l., 20 16 ) 

† † † † † † † † 1,0 6 8  

TCIPP 24 1 
(n = 36 ) 

1,4 16  
(n = 2) 

24 5  
(n = 38 ) 

14 ,112 
(n = 8 ) 

3,29 7 
(n = 3) 

12,4 8 2 
(n = 11) 

351 
(n = 4 4 ) 

2,0 6 8  
(n = 5) 

36 3 
(n = 4 9 ) 

TCIPP 
(Mit ro e t  a l., 
20 16 ) 

† † † † † † † † 3,30 9  

TDCIPP 178  
(n = 4 4 ) 

56 2 
(n = 2) 

179  
(n = 4 6 ) 

1,217 
(n = 10 ) 

1,26 9  
(n = 3) 

1,221 
(n = 13) 

211 
(n = 54 ) 

8 10  
(n = 5) 

215  
(n = 59 ) 

TDCIPP 
(Mit ro e t  a l., 
20 16 ) 

† † 2,4 0 6  † † 6 ,0 0 5  † † 3,18 1 

TDBPP 0 .6 9  
(n = 2) 

-  0 .6 9  
(n = 2) 

5 .4 1 
(n = 1) 

-  5 .4 1 
(n = 1) 

0 .9 5  
(n = 3) 

-  0 .9 5  
(n = 3) 

BDCIPP 1.0 4  
(n = 5) 

-  1.0 4  
(n = 5) 

8 4 .5  
(n = 1) 

30 0  
(n = 2) 

132 
(n = 3) 

1.75  
(n = 6 ) 

30 0  
(n = 2) 

2.4 0  
(n = 8 ) 

V6  11.3 
(n = 3) 

-  11.3 
(n = 3) 

8 3.7 
(n = 2) 

-  8 3.7 
(n = 2) 

27.5  
(n = 5) 

-  27.5  
(n = 5) 

∑TCPP 3,235  
(n = 2) 

-  3,235  
(n = 2) 

9 ,357 
(n = 1) 

-  9 ,357 
(n = 1) 

3,6 8 4  
(n = 3) 

-  3,6 8 4  
(n = 3) 

n = num b e r of d a t a  se t s  use d  to  c a lc ula t e  t he  p oole d  GM. 
† = Mit ro e t  a l. (20 16 ) d id  not  have  this  b in and /or d id  not  p rovid e  a  p oole d  GM for t his  b in. 
-  = No d a t a  ava ilab le  t o  e s t im a te  a  p oole d  GM. 
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Figure 7. Frequency of Individual Dust Geometric Means  Used to Estimate Pooled Geometric 
Means for (a) TCEP, (b) TCIPP, and (c) TDCIPP. 

For e ac h c he m ic a l, t he  p oole d  GM c a lc ula t e d  in t his  re p ort  is  shown ab ove  it s  b in wit h § followe d  b y 
the  va lue . Poole d  GMs c a lc ula t e d  b y Mit ro e t  a l. (20 16 ) a re  shown ab ove  it s  b in with * and  the  va lue . 
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4.3.2. Comparison of Measured to Modeled Air Concentrations  
Prior t o  e s t im at ing e xp osure , c he m ic a l c onc e nt ra t ions  in gas  (vap or) and  a irb orne  
p art ic ula t e s  we re  firs t  e s t im ate d  from  me asure m e nt s  of c he m ic a l in t he  s e t t le d  house  
d us t . Give n t ha t  t he  authors  d id  not  re p ort  t he  id e nt it ie s  of a ll isom e rs  in ∑TCPP, othe r 
t han id e nt ifying TCIPP as  one  of t he  isom e rs , we  as sum e d  the  p hys ic oc he m ic a l 
p rop e rt ie s  of ∑TCPP we re  t he  s am e  as  TCIPP. Figure  8  shows  t he  c omp arison of m e asure d  
ve rsus  m od e le d  a ir c onc e nt ra t ions  from  e ight  s t ud ie s  t ha t  re p orte d  b oth d us t  and  ind oor 
a ir m e asure m e nt s . No c le ar t re nd  b y c he m ic a l was  ob se rve d , and  in ge ne ra l, t he  m od e le d  
a ir c onc e nt ra t ions  we re  b oth e q ually und e r-  and  ove rp re d ic te d , sugge s t ing t he  m od e l 
was  ad e q uat e  in p re d ic t ing a ir c onc e nt ra t ions . 

 
Figure 8. Estimated Total Exposure for Residential General Population by Chemical and Age Group 
Based on Indoor Dust Measurements . 

4.3.3. Estimation of Daily Exposures  
Using t he  p oole d  GM d us t  c onc e nt ra t ions , d a ily e xp osure s  we re  e s t im ate d  for 
(i) inha la t ion of gas  + p art ic ula t e s , (ii) inge s t ion of s e t t le d  d us t , (iii) d e rm al ab sorp t ion 
from  gas  p hase  a ir t hrough t he  skin, and  (iv) d e rm al ab sorp t ion t hrough d us t  c ont ac t  with 
skin (s e e  Ap p e nd ix C- 1). Figure  9  shows  t he  t ot a l e xp osure  for re s id e nt ia l ge ne ra l 
p op ula t ion b y age  group  and  c he m ic a l. TCEP, TCIPP, TDCIPP, and  ∑TCPP had  highe r d ose s , 
ranging from  2.7×10 ‑7 t o  1.5×10 ‑4 m g/kg/d ay, whe re as  d ose s  for TDBPP, BDCIPP, and  V6  
range d  from  6 .8×10 ‑10  t o 2.0 ×10 ‑7 m g/kg/d ay. Com p arisons  ac ros s  t he  d iffe re nt  b ins  
showe d  tha t  t he  lowe s t  d ose s  we re  found  in re s id e nt ia l ge ne ra l p op ula t ion, and  with t he  
e xc e p t ion of TCIPP, b ins  with p ot e nt ia l OFR sourc e s  (i.e ., e le va t e d  sourc e ) had  highe r 
d ose s  t han t he  b ins  without  any sourc e s  id e nt ifie d  (Figure  10  shows  t he  3– 5  ye ar old s  as  
an e xam p le ). 
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Figure 9. Estimated Total Exposure for Residential General Population by Chemical and Age Group 
Based on Indoor Dust Measureme nts.  

 

 
Figure 10. Estimated Total Exposure for the 3 –5 Year Olds by Chemical and Bin Based on Indoor 
Dust Measurements.  
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Whe n t he  four d iffe re nt  p a thways  a re  c om p are d , Figure  11 shows  t ha t  in ge ne ra l, t he  
vap or- t o- skin p a thway was  t he  d om inant  p a thway for TCEP, TCIPP, BDCIPP, and  ∑TCPP. 
The se  four c he m ic a ls  have  lowe r m ole c ular we ight , logKow, and  logKoa and  highe r vap or 
p re s sure  c om p are d  t o t he  othe r t hre e  c he m ic a ls  (TDBPP, V6 , TDCIPP), in whic h d e rm al 
d us t  ab sorp t ion was  t he  d om inant  p a thway. 

 
Figure 11. Estimated Exposure for Residential General Population 3 –5 Year Olds by Chemical and 
Pathway Based on Indoor Dust Measurements . 

4.3.4.  Comparison of Estimated Dose from Dust Data with Estimated 
Intake from Reverse Dosimetry  

Of the  s t ud ie s  e xt rac t e d , one  a lso re p ort e d  hum an b iom onitoring d a t a . Hou e t  a l. (20 21) 
m e asure d  OFR c onc e nt ra t ions  in whole  b lood , urine , a ir, and  d us t . Biom onitoring d a t a  
we re  ob t a ine d  from  e ld e rly ad ult s  age d  6 0 – 6 9 , and  a ir and  d us t  s am p le s  we re  c olle c te d  
from  the  p art ic ip ant s ’ re s id e nc e s . Tab le  17 shows  t he  t ot a l d a ily e xp osure s  (or int ake s  for 
hum an b iom onitoring) e s t im ate d  from  d us t  and  urine  d a t a  for TCEP, TCIPP, TDCIPP, and  
BDCIPP. Dus t  e s t im ate s  we re  c a lc ula t e d  with Ap p roac h 3, and  urine  e s t im ate s  we re  
c a lc ula t e d  b y UC (20 23) us ing t he  re ve rse  d os im e t ry ap p roac h (Ap p roac h 4 ) and  t he  
s t ud y- re p ort e d  ge om e t ric  m e an. A c om p arison of t he  d ose s  shows  tha t  d ose s  e s t im ate d  
from  the  d us t  m onitoring d a t a  a re  lowe r t han t he  int ake s  c a lc ula t e d  from  b iom onitoring 
d a t a , whic h is  e xp e c te d , give n t ha t  t he  b iom onitoring d a t a  e nc om p ass  a ll sourc e s  and  
p a thways  t o whic h a  p e rson is  e xp ose d . 
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Table  17. Comparison of Doses for Adults Calculated from Indoor Dust and Human Biomonitoring 
Data  for Hou  et al. (2021) . 

 
Dose  

(mg/kg/day)  

Chemical  Dust  Urinea 

TCEP 3.4 8 E- 0 5  1.6 9 E- 0 4  

TCIPP 8 .28 E- 0 6  9 .6 6 E- 0 6  

TDCIPP / /  BDCIPPb 3.35E- 0 7 / /  6 .37E- 0 8  6 .19 E- 0 6  
aUC (20 23) c a lc ula t e d  d a ily int ake s  for urine  us ing two m e thod s  for c a lc ula t ing d is t rib ut iona l p a ram e te rs  for 
int ake . Me thod  1 wa s  c ons id e re d  m ore  rob us t  t han m e thod  2 (se e  UC (20 23) for d e t a ils ); t he re fore , m e thod  1 
va lue s  a re  use d  he re .  
bHou e t  a l. (20 21) re p ort e d  se p ara t e  d us t  c onc e nt ra t ions  for t he  m e tab olit e s  of TCEP, TCIPP, and  TDCIPP (i.e ., 
BCEP, BCIPP, and  BDCIPP, re sp e c t ive ly). Only d us t  c onc e nt ra t ions  of BDCIPP we re  e xt rac t e d , and  d ose s  
sub se q ue nt ly c a lc ula t e d , b e c ause  only BDCIPP is  an OFR in t he  PHOP sub c lass  (BCEP and  BDCIPP a re  not  one  
of t he  4 2 PHOPs). 

4.3.5. Uncertainties and Limitations  
The  m od e ling e q uat ions  use d  in Ap p roac h 3 a re  wid e ly ac c e p t e d  and  have  b e e n use d  in 
t he  lit e ra ture  t o  ana lyze  d us t  d a t a  for d iffe re nt  p op ula t ions  (Mit ro e t  a l., 20 16 ; Pe lle t ie r e t  
a l., 20 17). Our ap p roac h a lso inc lud e d  an ad d it iona l p a thway, d e rm al ab sorp t ion t hrough 
d us t  c ont ac t  with skin, whic h Mit ro e t  a l. (20 16) and  Pe lle t ie r e t  a l. (20 17) not e d  as  having 
a  m inor c ont rib ut ion. Howe ve r, as  s e e n in Figure  11, d e rm al ab sorp t ion t hrough d us t  was  
m inor for only som e  c he m ic a ls , whe re as  for TDBPP, V6 , and  TDCIPP, this  p a thway had  t he  
gre a t e s t  c ont rib ut ion to t ot a l e xp osure . To c a lc ula t e  e xp osure  for t his  p a thway, we  use d  
p rofe s s iona l jud gme nt  t o  e s t im ate  two p arame te rs , t he  frac t ion of inge s te d  d us t  d ue  t o 
hand - to- m outh t rans fe r and  t he  frac t ion of d us t  on hand s  t ha t  e nt e rs  t he  m outh. The se  
we re  s e t  a t  0 .75  and  0 .0 5 , re sp e c t ive ly, whic h we  e s t im ate  t o have  an unc e rt a inty fac tor 
of 2. 

Conc e nt ra t ions  of PHOPs  in s e t t le d  d us t  we re  ob t a ine d  t hrough a  foc use d  lit e ra ture  
s e arc h. Be c ause  we  d id  not  c ond uc t  a  sys t e mat ic  lit e ra ture  re vie w, the re  is  unc e rt a inty in 
whe the r t he  d a t a  we  use d  re p re se nt  t he  full range  of d a t a  ava ilab le  in t he  lit e ra ture , 
e sp e c ia lly for TDBPP, BDCIPP, V6 , and  ∑TCPP, whic h had  only 3, 8 , 5 , and  3 d a t a  s e t s , 
re sp e c t ive ly. In some  ins t anc e s , t his  re sult e d  in only one  d a t a  s e t  for a  b in (i.e ., t he  p oole d  
GM for t he  b in was  e q ual t o  t he  GM for t he  d a ta  s e t ) or a  p oole d  GM c a lc ula t e d  from  only 
two d a t a  s e t s . For TCEP, TCIPP, and  TDCIPP, a ll t hre e  c he m ic a ls  had  a t  le as t  49  d a t a  s e t s . 
In ge ne ra l, t he  m ajorit y of d a t a  s e t s  for a ll c he m ic a ls  we re  for t he  re s id e nt ia l ge ne ra l 
p op ula t ion b in; as  suc h, d ose s  e s t im ate d  for t his  b in had  t he  gre a t e s t  c onfid e nc e  
c om p are d  t o othe r b ins . 



Clas s - b ase d  Exp osure  Asse s sme nt  of PHOP Flam e  Re t ard ant s  

 
6 3 

Sc hools  and  ve hic le s  we re  init ia lly c ons id e re d  as  two ad d it iona l b ins ; howe ve r, give n t he  
lim it e d  num b e r of d a t a  s e t s  ava ilab le , we  e nd e d  up  c om b ining t he m  with re s id e nt ia l 
ge ne ra l p op ula t ion and  c om m e rc ia l ge ne ra l p op ula t ion, re sp e c t ive ly. Onc e  a  sys t e m at ic  
lit e ra ture  re vie w has  b e e n c ond uc te d  with ad d it iona l d a t a  id e nt ifie d , t he  ana lys is  t o  
d e t e rm ine  whe the r s c hools  and  ve hic le s  should  b e  s e p ara t e  b ins  should  b e  c ond uc t e d  
aga in. 

As  was  p re vious ly d is c us se d  in Se c t ion 4 .1.5 , the  inha la t ion ab sorp t ion frac t ion use d  was  
0 .5  for a ll c he m ic a ls , and  we  a lso c a lc ula t e d  inha la t ion e xp osure  us ing t he  c omb ine d  
c onc e nt ra t ion of PHOPs  in t he  gase ous  and  p art ic ula t e  p hase s . Se p ara t e  ab sorp t ion 
frac t ions  c ould  b e  ap p lie d  for t he  gase ous  and  p art ic ula t e  frac t ions , whe re in t he  la t t e r is  
c he m ic a l d e p e nd e nt  (i.e ., if t he  c he m ic a l is  p art ic le  b ound ). For e xamp le , t he  ab sorp t ion 
frac t ion for t he  p art ic ula t e  p hase  c ould  b e  s e t  a t  or c lose r t o  1, t he  va lue  use d  for t he  ora l 
rout e . Exp osure  fac tors  suc h as  b od y we ight , d us t  inge s t ion ra t e , and  inha la t ion ra t e  we re  
s e t  t o  s ingle  va lue s  for e ac h age  group  b ut  c ould  b e  varie d  in future  ana lyse s  t o  ob t a in a  
p rob ab ilis t ic  d is t rib ut ion of e xp osure s . The  e s t im ate d  variab ilit y from  the  c om b ina t ion of 
t he se  p aram e te rs  is  e s t im ate d  t o b e  a  fac tor of ap p roxim ate ly 2– 3, b oth lowe r and  highe r 
t han c e nt ra l t e nd e nc y va lue s  re p orte d  he re . Dus t  inge s t ion ra t e s , in p art ic ula r, a re  a  
s e ns it ive  p aram e te r we  p lan t o vary in t he  future .  

4.4.  Exposures Estimated from Reverse Dosimetry (Approach 4)  
Ap p lic a t ion of Ap p roac h 4 , t o  c a lc ula t e  PHOP d a ily int ake s  from  hum an b iom onitoring 
d a t a , was  p e rform e d  und e r a  d iffe re nt  p roje c t  (Cont rac t  No. CPSC- D- 17- 0 0 0 1, Task Ord e r 
No. 6 1320 6 22F10 0 4). Brie fly, d a ily int ake s  we re  e s t im ate d  for TCEP, TCIPP, and  TDCIPP 
us ing (i) urine  b iom onitoring d a t a  from  the  Nat iona l He alt h and  Nut rit ion Exam inat ion 
Surve y (NHANES; p re se nt e d  in sum m arize d  form  he re  and  in full in UC (20 23)) and  
(ii) p e e r- re vie we d  d a t a  from  the  lit e ra ture  (p re se nt e d  in sum m arize d  form  he re  and  in full 
in UC (20 23)). Ke y e q uat ions  a re  p re se nte d  and  b rie fly d e sc rib e d  in Se c t ion 3.5  and  a re  
d is c us se d  in full e ls e whe re  (UC, 20 21, 20 23).  

Tab le  18  p re se nt s  t he  d a ily int ake s  c a lc ula t e d  from  the  (i) ave rage s  of t he  ge ome t ric  
m e an ac ros s  four NHANES c yc le s  (20 11– 20 12, 20 13– 20 14 , 20 15– 20 16 , 20 17– 20 18) and  
(ii) up p e r e s t im ate  (m axim um  e s t im ate d  9 5 th p e rc e nt ile  ac ros s  a ll c yc le s ) b y age  group . 
Dat a  for only four age  group s  we re  ava ilab le . For c om p arison, t he  c e nt ra l t e nd e nc y 
(ave rage s  of t he  ge ome t ric  m e ans) and  up p e r e s t im ate  (m axim um  value  of 9 5 th 
p e rc e nt ile ) d a ily int ake s  c a lc ula t e d  from  p e e r- re vie we d  lit e ra ture  a re  shown in Tab le  19 . 
Ge ne ra lly, t he  c e nt ra l t e nd e nc y int ake s  e s t imate d  from  the  p e e r- re vie we d  lit e ra ture  a re  
c lose  t o t hose  e s t im ate d  from  NHANES. One  e xc e p t ion is  t he  t e e n/young ad ult  c a t e gory 
for TDCIPP from  the  p e e r- re vie we d  lit e ra ture , whic h is  ap p roxim ate ly an ord e r of 
m agnitud e  lowe r t han t he  m os t  c om p arab le  group  from  NHANES (12- 17 ye ars ).  
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For e ac h c he m ic a l, t he  range s  shown re fle c t  t he  variab ilit y with age ; d a ily int ake s  for a ll 
c he m ic a ls  we re  highe s t  in t he  younge s t  age  group . This  age  t re nd  is  c le are s t  for NHANES 
d a t a  b ut  d oe s  ap p e ar t o  b e  la rge ly p re se nt  in t he  p e e r- re vie we d  lit e ra ture  as  we ll. The  
p e e r- re vie we d  lit e ra ture  ind ic a t e s  t his  t re nd  m ay ge ne ra lly hold  t rue  for infant s , a  
p op ula t ion not  c ove re d  b y NHANES. Howe ve r, a  lac k of d a t a  on TCEP in infant s  p re c lud e s  
t his  c onc lus ion for a ll t hre e  PHOPs. Furthe r, ad ult s  have  highe r e s t im ate d  int ake s  of 
TDCIPP than t e e ns /young ad ult s . Give n t ha t  t he  t e e n/young ad ult  age  c a t e gory 
re p re se nt s  a  s ingle  s t ud y, is  a t  t he  highe r e nd  of t ha t  age  b rac ke t , and  ove rlap s  with t he  
age  range  for ad ult s , t his  is  not  ne c e s sarily inc ons is t e nt  with t he  b road e r t re nd . No c le ar 
t im e  t re nd s  we re  ob se rve d  (d a t a  not  p re se nt e d  he re ). A d isc us s ion on t he  unc e rt a int ie s  
and  lim it a t ions  of t his  ap p roac h is  ava ilab le  in UC (20 23).  

Table  18. Central Tendency  and Upper Estimate  of Daily Intakes Estimated from NHANES Urine 
Biomonitoring Data .a,b 

 Dose (mg/kg/day)  

Age Group  TCEP TCIPP TDCIPP 

3– 5  yrs c  2.33E- 0 4  (1.35E- 0 3) 5 .58 E- 0 5  (4 .0 8 E- 0 4 ) 6 .0 1E- 0 4  (2.4 2E- 0 3) 

6 – 11 yrs  1.0 7E- 0 4  (7.54 E- 0 4 ) 2.22E- 0 5  (1.6 6 E- 0 4 ) 2.0 7E- 0 4  (1.70 E- 0 3) 

12– 17 yrs  7.0 6 E- 0 5  (4 .73E- 0 4 ) 1.30 E- 0 5  (5 .36 E- 0 5) 1.0 2E- 0 4  (4 .6 2E- 0 4 ) 

18 + yrs  4 .4 4 E- 0 5  (2.32E- 0 4 ) 1.0 2E- 0 5  (5 .8 6 E- 0 5) 5 .8 6 E- 0 5  (2.9 1E- 0 4 ) 
aCe nt ra l t e nd e nc y d e fine d  as  t he  ave rage  of t he  ge om e tric  m e an and  up p e r e s t im a te  d e fine d  as  t he  
m axim um  9 5th p e rc e nt ile  ac ross  four NHANES c yc le s  (20 11– 20 12, 20 13– 20 14 , 20 15– 20 16 , 20 17– 20 18 ). 
bUC (20 23) c a lc ula t e d  d a ily int ake s  for urine  us ing two m e thod s  for c a lc ula t ing d is t rib ut iona l p a ram e te rs  for 
int ake . Me thod  1 wa s  c ons id e re d  m ore  rob us t  t han m e thod  2 (se e  UC (20 23) for d e t a ils ); t he re fore , m e thod  1 
va lue s  a re  use d  he re .  
cOnly two NHANES c yc le s  (20 15– 20 16 , 20 17– 20 18 ) had  d a t a  for 3– 5  ye ar old s . 
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Table  19. Central Tendency and Upper Estimate  of Daily Intakes Estimated from Peer - Reviewed 
Literature Urine Biomonitoring Data. a,b 

 Dose (mg/kg/day)  

Population  
TCEP  

(BCEP) 
TCIPP 

(BCIPHIPP) 
TCIPP (BCIPP 
& BCIPHIPP) 

TCIPP  
(BCIPP) 

TDCIPP 
(BDCIPP) 

Infant s  
(b irt h– 18  m onths ) 

 1.37E- 0 4   
(1.6 1E- 0 3) 

5 .70 E- 0 4  
(3.8 6 E- 0 2) 

8 .34 E- 0 4  
(9 .50 E- 0 2) 

5 .79 E- 0 4  
(2.4 3E- 0 2) 

Child re n 
(2 m onths– 13 ye ars ) 

6 .37E- 0 4  
(6 .51E- 0 3) 

1.27E- 0 4   
(1.58 E- 0 3) 

1.0 3E- 0 4   
(1.19 E- 0 3) 

4 .9 8 E- 0 5   
(1.11E- 0 3) 

3.8 2E- 0 4  
(6 .0 3E- 0 2) 

Te e n/Young Ad ult  
(22 ye a rs ) 

 1.9 5E- 0 5  
(2.0 4 E- 0 4 ) 

  1.19 E- 0 5   
(1.4 4 E- 0 4 ) 

Ad ult s  
(18 - 9 0  ye ars ) 

4 .8 7E- 0 5  
(4 .8 5E- 0 4 ) 

8 .25E- 0 6  
(3.37E- 0 5) 

 4 .8 0 E- 0 6  
(7.14 E- 0 5) 

7.31E- 0 5  
(2.9 9 E- 0 4 ) 

aCe nt ra l t e nd e nc y d e fine d  as  t he  ave rage  of t he  ge om e tric  m e an and  up p e r e s t im a te  d e fine d  as  t he  
m axim um  9 5th p e rc e nt ile  ac ross  a ll d a t a  se t s . 
bUC (20 23) c a lc ula t e d  d a ily int ake s  for urine  us ing two m e thod s  for c a lc ula t ing d is t rib ut iona l p a ram e te rs  for 
int ake . Me thod  1 wa s  c ons id e re d  m ore  rob us t  t han m e thod  2 (se e  UC (20 23) for d e t a ils ); t he re fore , m e thod  1 
va lue s  a re  use d  he re .  

4.5. Comparison  of Estimated Exposures from Different 
Approaches  

To c orrob ora t e  t he  c a lc ula t e d  d ose s , we  c omp are d  t he  e s t im ate d  d ose s  from  the  four 
ap p roac he s  t o he lp  id e nt ify whe n an ap p roac h m ay b e  ove r-  or und e rp re d ic t ing 
e xp osure . For e xam p le , d ose s  c a lc ula t e d  us ing hum an b iom onitoring and  t oxic okine t ic  
d a t a  should  b e  highe r than d ose s  c a lc ula t e d  us ing ind oor d us t  d a t a  b e c ause  t he  
b iom onitoring re sult s  re fle c t  b oth ind oor d us t  and  sourc e s  t ha t  d o not  re sult  in ind oor 
d us t  e xp osure . Both m e thod s  c ons id e r e xp osure  from  m ult ip le  sourc e s  (no sourc e  
a t t rib ut ion), b ut  one  is  d ire c t  and  t he  othe r is  ind ire c t . 

Figure  12 p re se nt s  t he  d ose s  e s t im ate d  from  e ac h ind ivid ua l ap p roac h for TCEP, TCIPP, 
and  TDCIPP b y age  group . For Ap p roac h 4 , t he  d ose s  shown are  t hose  c a lc ula t e d  from  
NHANES d a t a . In ad d it ion t o p lot t ing t he  d a ily int ake s  c a lc ula t e d  from  the  ave rage  of t he  
ge ome t ric  m e an ac ross  four NHANES c yc le s , Figure  12 a lso shows  t he  d ose  c a lc ula t e d  
from  the  up p e r e s t im ate  (i.e ., d e fine d  as  t he  maxim um  9 5 th p e rc e nt ile  va lue  ac ros s  t he  
four c yc le s  of NHANES d a t a), whic h vary b y age  group . Aggre ga t e  b ac kground  d ose s  from  
d ie t a ry inge s t ion, d rinking wate r inge s t ion, soil inge s t ion, and  inha la t ion of outd oor a ir a re  
a lso p re se nte d . 

With t he  e xc e p t ion of the  aggre ga te  c onsum e r e xp osure s  c a lc ula te d  from  Ap p roac h 1, 
t he  d ose s  e s t im ate d  from  othe r d a t a  t yp e s  we re  ge ne ra lly b e low the  up p e r e s t im ate  
d ose  c a lc ula t e d  from  b iom onitoring d a t a . The  aggre ga t e  c onsum e r e xp osure s  we re  
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s e ve ra l ord e rs  of m agnitud e  highe r, like ly d ue  to t he  unc e rt a int ie s  d isc us se d  in 
Se c t ion 4 .1.5  and  t he  p oss ib le  ove rinc lus ion of sourc e s . For TCIPP, only d ose s  
c orre sp ond ing t o up hols t e re d  furnit ure  a re  shown in Figure  12. PIR foam  a lso had  TCIPP 
d ose s  in t he  s am e  ord e r of m agnitud e  as  up hols t e re d  furnit ure  (s e e  Se c t ion 4 .2.4), 
whe re as  t he  othe r p rod uc t s  with TCIPP had  lowe r d ose s . Sim ila rly, only d ose s  for PIR foam  
are  shown in Figure  12 for TDCIPP, with lowe r d ose s  e s t im ate d  for p olye s t e r c urt a ins . 
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Figure 12. Comparison of Doses Calculated from Individual Approaches for (a) TCEP, (b) TCIPP, and 
(c) TDCIPP. 

Error b a r re p re se nt s  t he  up p e r e s t im a te , d e fine d  as  t he  d ose  c a lc ula t e d  from  the  m axim um  9 5th 
p e rc e nt ile  ac ross  t he  four NHANES c yc le s . 
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Us ing t he  c e nt ra l t e nd e nc y d ose s  e s t im ate d  from  NHANES d a t a  as  t he  b as is  for 
c om p arison, b ac kground  e xp osure s  c ont rib ut e d  2%– 8% for TCEP and  TDCIPP for t he  four 
age  group s  e va lua t e d . Tot a l d ose s  c a lc ula t e d  us ing ind oor d us t  d a t a  c ont rib ut e d  7%– 18% 
for TCEP and  was  <1% for TDCIPP. For TCIPP, b e c ause  t he  d ose s  c a lc ula t e d  from  
b iom onitoring d a t a  we re  lowe r t han t hose  of TCEP and  TDCIPP (se e  Tab le  18), t his  
re sult e d  in highe r c ont rib ut ions  for e ac h ap p roac h/p a thway, with b ac kground  e xp osure  
c ont rib ut ing 31%– 58% and  ind oor d us t  c ont rib ut ing 12%– 30 %. The  re la t ive  c ont rib ut ions  
from  Ap p roac h 2 varie d  d e p e nd ing on t he  d a t a  t yp e  and  age  group , a lt hough t he y we re  
ge ne ra lly low for TDCIPP. 

4.6.  Extrapolation to Data - Poor Chemicals  
In t he  Se c t ions  4 .1 t o  4 .4 , we  e s t im ate d  e xp osure  t o PHOPs  us ing four ap p roac he s . 
Aggre ga t e  c onsume r e xp osure s  we re  e s t im ate d  us ing a  m e c hanis t ic  m od e l for a ll 
c he m ic a ls  with p rod uc t  use  d a t a . Sim ila rly, m outhing e xp osure  was  e s t im ate d  us ing a  
re gre s s ion- b ase d  m od e l for a ll c he m ic a ls  with p rod uc t  use  d a t a . For a ll othe r d a t a  
t yp e s / ap p roac he s  c ons id e re d  (i.e ., p e rsona l d e rm al load ing, p e rsonal a ir c onc e nt ra t ions , 
p rod uc t  e m is s ions  d a t a , and  ind oor d us t  m onitoring d a t a ), e xp osure s  we re  e s t im ate d  for 
only a  fe w c he m ic a ls  d ue  t o d a t a  ava ilab ilit y. In t his  s e c t ion, we  firs t  id e nt ify t re nd s  t ha t  
would  a llow c he m ic a ls  t o  b e  ranke d  re la t ive  t o one  anothe r; t he n, for e ac h d a t a  t yp e , we  
ap p ly t he  t re nd s  id e nt ifie d  t o e xt rap ola t e  d ose s  t o  d a t a - p oor c he m ic a ls , if p os s ib le . 

4.6.1. Identification of Trends or Relative Rankings  
We  use d  t he  CEM re sult s  ad jus t e d  for m outhing and  d ire c t  d e rm al c ont ac t  and  inc lud e d  
inha la t ion and  inge s t ion ab sorp t ion frac t ions  for t he  3– 5- ye ar- old  age  group  for t he  
e xp osure  s c e nario “Small hand - held hard and soft plastic items (including foam) where 
contact and mediated exposure is likely for children and adults ” t o d e t e rm ine  t re nd s . In 
ad d it ion t o t he  re sult s  for t he  26  c he m ic a ls  a lre ad y m od e le d  in Ap p roac h 1 (i.e ., t hose  
with p rod uc t  use  inform at ion t ha t  c ould  b e  m ap p e d  t o a  s c e nario), we  a lso inc lud e d  CEM 
runs  for a ll of t he  othe r c he m ic a ls  t o  ob t a in a  m ore  c om p re he ns ive  d a t a  s e t . With t he  
e xc e p t ion of t he  p hys ic oc he m ic a l p rop e rt ie s , a ll othe r CEM inp ut s  (e .g., p rod uc t  
p rop e rt ie s , e nvironm e nta l inp ut s , p op ula t ion inp ut s ) re m aine d  t he  s am e  ac ros s  
c he m ic a ls . The  d iffe re nc e s  in d ose  a re  t he re fore  d ue  sole ly t o d iffe re nc e s  in t he  
c he m ic a ls  and  not  any othe r fac tor. 

Six p hys ic oc he m ic a l p rop e rt ie s  we re  c ons id e re d : m ole c ular we ight  (MW), He nry’s  law 
c ons t ant  (H), oc t anol- air c oe ffic ie nt  (Koa), oc tanol- wate r c oe ffic ie nt  (Kow), vap or 
p re s sure  (VP), and  wate r solub ilit y (Sol). A c orre la t ion ana lys is  of t he  p aram e te rs  in log 
sp ac e  showe d  tha t  m os t  of t he se  p rop e rt ie s  a re  c orre la t e d  with e ac h othe r (Figure  13), 
with m os t  of t he  c orre la t ions  ove r 0 .5 , ind ic a t ing sub s t ant ia l re la t ionship s  b e twe e n t he  
p aram e te rs . The  la rge s t  c orre la t ions  a re  −0 .88  b e twe e n ln(MW) and  ln(VP) and  −0 .88  
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b e twe e n logKow and  ln(Sol), whic h a re  b oth e xp e c te d . For e xam p le , we  e xp e c t  highe r 
solub ilit ie s  t o  give  lowe r logKow va lue s  b e c ause  t he  c he m ic a l favors  b e ing in t he  wat e r 
ove r oc t anol. 

 
Figure 13. Correlation of PHOP Physicochemical Properties . 

We  the n e xam ine d  t he  c orre la t ions  b e twe e n the  p hys ic oc he m ic a l p rop e rt ie s  with 
e xp osure  from  tot a l inha la t ion, t ot a l d e rm al, t ot a l inge s t ion, and  t ot a l ac ros s  a ll p a thways . 
For s im p lic it y, t his  s e c t ion will re fe r t o  t he se  p a thways  as  inha la t ion, d e rm al, inge s t ion, 
and  t ot a l, re sp e c t ive ly. For inge s t ion, only t he  re sult s  from  the  A_ ING1 (inge s t ion a fte r 
inha la t ion) and  A_ ING3 (inc id e nt a l d us t  inge s t ion) m od e ls  we re  inc lud e d . Be c ause  t he  
A_ ING2 (m outhing) m od e l use s  a  m igra t ion ra te  into s a liva  t ha t  is  ind e p e nd e nt  of t he  
c he m ic a l, t he  A_ ING2 re sult s  we re  t he  s ame  for a ll c he m ic a ls  within a  t ie r (s e e  
Se c t ion 4 .1.3 for d isc uss ion of t he  t hre e  t ie rs  b ase d  on t he  m outhing ad jus tm e nt  fac tor) 
and  t he re fore  not  inc lud e d . 

We  found  t ha t  t he  logs  of e ac h e xp osure  variab le  we re  m ore  s t rongly c orre la t e d  with t he  
c he m ic a l p rop e rt ie s  (a lso in log sp ac e ) t han we re  t he  e xp osure  variab le s  t he m se lve s . As  
se e n in Tab le  20 , t he  s t ronge s t  c orre la t ion for ln(d e rm al) is  with ln(MW) a t  −0 .6 80 . While  
t he  ne xt  highe s t  c orre la t ion is  with logKow (−0 .545), t he  c orre la t ion b e twe e n ln(MW) and  
logKow is  e ve n s t ronge r a t  0 .746 . Pe arson c orre la t ions  t e nd  t o b e  m ult ip lic a t ive , whic h 
m e ans  t ha t  c orre la t ion (d e rm al, logKow) is  e xp e c t e d  t o b e  t he  p rod uc t  of c orre la t ion 
(d e rm al, MW) and  c orre la t ion (MW, logKow). In t his  e xam p le , t he  e xp e c t e d  
−0 .6 80 ×0 .746  = - 0 .50 7 ac c ount s  for 9 3% of t he  va lue  of −0 .545  ob se rve d  b e twe e n 
d e rm al and  logKow. Any ad d it iona l (d ire c t ) c orre la t ion b e twe e n d e rm al and  logKow is  
t he re fore  sm all. Sim ila rly, t he  s t ronge s t  re la t ionship  with ln(inge s t ion) and  ln(inha la t ion) 
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was  with logKoa and  ln(VP), re sp e c t ive ly. The  ln(t ot a l) va lue s  we re  mos t  s t rongly 
c orre la t e d  t o ln(MW), whic h was  d ue  t o ln(t ot a l) b e ing p rim arily d om inat e d  b y t he  d e rm al 
p a thway. 

Table  20 . Summary of Correlations of Exposure with Physicochemical Properties.  
 Ln(Dermal)  ln( Ingestion)  ln(Inhalation)  ln(Total)  

ln(MW) −0.680  0 .50 1 −0 .8 0 5  −0.752 

ln(H) 0 .4 9 8  −0 .0 72 0 .6 76  0 .56 2 

logKoa  −0 .378  0.69 9 −0 .6 32 −0 .4 6 2 

logKow −0 .54 5  0 .115  −0 .70 4  −0 .6 13 

ln(VP) 0 .374  −0 .6 10  0.893 0 .4 6 5  

ln(Sol) 0 .521 −0 .0 6 2 0 .578  0 .574  

 

Base d  on t his  ana lys is , we  use d  t he  following p aram e te rs  for e xt rap ola t ing e xp osure s  t o  
c he m ic a ls  with no d a t a: 

• Use  ln(MW) for p re d ic t ing d e rm al and  t ot a l d ose  
• Use  logKoa for p re d ic t ing inge s t ion 
• Use  ln(VP) for p re d ic t ing inha la t ion 

While  not  shown he re , this  c orre la t ions  ana lys is  was  a lso re p e a t e d  for two ad d it iona l 
c ase s : (i) a ll c he m ic a ls  e xc e p t  four PHOPs  t ha t  have  a  b rom ina t e d  p he nyl group  and  
(ii) only c he m ic a ls  with p rod uc t  use  d a t a  (i.e ., only c he m ic a ls  m od e le d  und e r Ap p roac h 1). 
Und e r a  d iffe re nt  p roje c t  (Cont rac t  BPA No. 6 1320 622A0 0 0 5 , Call Ord e r No. 
6 1320 622F20 11), t he  PHOP c he m ic a ls  we re  e valua t e d  und e r five  p rofile s  
(p hys ic oc he m ic a l, me c hanis t ic  e ffe c t , PBTK, me tab olit e , and  ad ve rse  e ffe c t ) t o  
d e t e rm ine  t he ir p ote nt ia l he a lt h e ffe c t s  as  a  sub c las s . For a ll five  p rofile s , four PHOPs  
(CASRNs  70 46 - 6 4- 2, 2788- 11- 6 , 49 6 90 - 63- 3, and  35656 - 0 1- 0 ) we re  id e nt ifie d  as  
out lie rs , m e aning t he y we re  d is t inc t ly d iffe re nt  from  the  othe r PHOPs. The  d e t a ils  of t he  
p rofile s  ana lys is  a re  ava ilab le  in ICF (20 24b ). In b oth c ase s , t he  fina l p aram e te r use d  for 
e xt rap ola t ion was  unc hange d , a lt hough t he  s t re ngth of t he  c orre la t ions  d iffe re d . 

Figure  14  shows  t he se  thre e  re la t ionship s  p lot t e d  for (a ) d e rm al, (b ) inge s t ion, and  (c ) 
inha la t ion, with t ot a l e xp osure  following a  s im ila r p a t t e rn as  d e rm al. For d e rm al, t he  
re la t ionship  of inc re as ing d e rm al e xp osure  with d e c re as ing m ole c ular we ight  is  t rue  for 
t he  range  of m ole c ular we ight s  with som e  out lie rs  having lowe r e xp osure . For inge s t ion, 
t he  t re nd  is  le s s  c le ar, with s c a t t e r in t he  d a t a  p oint s  b e fore  t he  d a t a  le ve l off. For 
inha la t ion, t he  inc re ase  in inha la t ion e xp osure  with inc re as ing vap or p re s sure  oc c urs  
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b e twe e n ln(VP) of −20  and  −11, whic h c orre sp ond s  t o vap or p re s sure s  of 2.1×10 −9 t o  
1.7×10 −5 m m  Hg. Be low or ab ove  t ha t  range , inha la t ion d oe s  not  d e p e nd  on vap or p re s sure . 

 
Figure 14. Relationships between Physicochemical Properties and (a) Dermal, (b) Ingestion, and (c) 
Inhalation Exposures for 3 –5 Year Olds with Contact  and Mediated Exposure to  Small Hand - held 
Hard and Soft Plastic Items ( Including Foam) . 

4.6.2. Estimated Exposures  
Only c he m ic a ls  with p rod uc t  use s  id e nt ifie d  in Ap p roac h 1 we re  inc lud e d  for 
e xt rap ola t ion. While  t he  re sult s  for ∑TCPP we re  inc lud e d  in Ap p roac he s  2 and  3 b y us ing 
t he  s am e  c he m ic a l- sp e c ific  and  p hys ioc he m ic a l p rop e rt ie s  as  TCIPP, t he se  re sult s  we re  
not  use d  for e xt rap ola t ion p urp ose s  b e c ause  we  d id  not  have  t he  ac tua l p rop e rt ie s . 

Dose s  c ould  b e  e xt rap ola t e d  t o othe r c he m ic a ls  for only t he  ind oor d us t  m onitoring d a t a . 
For ind oor d us t  d a t a , d ose s  we re  c a lc ula t e d  for s ix c he m ic a ls  and  ∑TCPP. Of t he se  s ix 
c he m ic a ls  with c a lc ula te d  d ose s , one  was  BDCIPP, whic h has  no p rod uc t  use  d a t a  and  is  a  
urinary m e tab olit e  of TDCIPP. Us ing t he  d ose s  c orre sp ond ing t o t he  3– 5  ye ar old s  in t he  
re s id e nt ia l ge ne ra l p op ula t ion b in, t he  re m aining five  c he m ic a ls  had  t ot a l d ose s  (ac ros s  a ll 
p a thways ) ranging from  4 .36 ×10 ‑9 t o  1.55×10 ‑5 m g/kg/d ay. With t he se  d ose s , we  firs t  
c onfirm e d  t ha t  our d a ta  followe d  t he  t re nd  b e twe e n t ot a l d ose  and  m ole c ular we ight . 
Be c ause  t he se  d ose s  we re  c a lc ula te d  us ing d iffe re nt  p oole d  d us t  GMs  for e ac h c he m ic a l, 
we  a lso norm alize d  t he  d ose  aga ins t  t he  d us t  GM. Figure  15  shows  t he  ln of (a ) d ose  and  
(b ) norm alize d  d ose  as  a  func t ion of ln(MW). Us ing t he  (un- norm alize d ) d ose  t ake s  into 
ac c ount  t he  t e nd e nc y of t he  c he m ic a l t o  b e  found  in d us t , whe re as  the  norm alize d  d ose  
p rovid e s  t he  t re nd  if a ll c he m ic a ls  we re  found  a t  t he  s am e  c onc e nt ra t ion in d us t . Both 
p ane ls  in t he  figure  show a  c le ar d e c re as ing t re nd  b e twe e n TCEP and  V6 , a lt hough t he  
ra t e  of d e c re ase  b e twe e n TDCIPP and  V6  d iffe rs  d e p e nd ing on t he  p ane l. 
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Figure 15. Relationship between Molecular Weight and Total Dose Calculated from Indoor Dust 
Monitoring Data for the Residential General Population 3–5 Year Olds for (a) Un- normalized Dose 
and (b) Normalized Dose . 

Using t he se  re sult s , we  c an e xt rap ola t e  d ose s  for othe r PHOPs  re la t ive  t o  t he  five  
c he m ic a ls  with d a t a . For e xam p le , for re s id e nt ia l ge ne ra l p op ula t ion 3– 5  ye ar old s , t he  
t hre e  PHOPs  (i.e ., CASRNs  115- 9 8- 0 , 629 4- 34- 4 , and  140 - 0 8- 9 ) with m ole c ular we ight  
le s s  t han 285 .48  g/m ol (i.e ., t he  m ole c ular we ight  of TCEP) a re  e xp e c te d  t o have  t ot a l 
d ose s  on t he  s am e  ord e r of m agnitud e  or gre at e r t han t he  TCEP d ose  of 
1.55×10 ‑5 m g/kg/d ay. Be c ause  we  are  e xt rap olat ing b e yond  our lowe s t  d a t a  p oint , t he re  is  
unc e rt a inty in whe the r t he  d ose  would  c ont inue  t o inc re ase  or s t ay t he  s am e . For t he  one  
PHOP with a  m ole c ular we ight  b e twe e n t ha t  of TCEP and  TCIPP (i.e ., CASRN 5324- 12- 9 ), 
t he  t ot a l d ose  is  e xp e c t e d  t o b e  b e twe e n 1.55×10 ‑5 and  6 .82×10 ‑6 m g/kg/d ay. The re  we re  
four PHOPs  with t he  s am e  m ole c ular we ight  as  TCIPP (i.e ., 10 6 7- 9 8- 7, 76 6 49 - 15- 5 , 6145-
73- 9 , and  760 25- 0 8- 6 ) and  t he re fore  e xp e c te d  t o have  t ot a l d ose s  s im ila r t o  
6 .82×10 ‑6 m g/kg/d ay. Tot a l d ose s  for t he  othe r PHOPs  are  e xt rap ola t e d  in a  s im ila r fashion 
us ing t he  t ot a l d ose s  of TDCIPP, V6 , and  TDBPP to d e fine  t he  e xt rap olat ion b ound arie s . 
Ad d it iona l d us t  m onitoring d a t a  for othe r c he m ic a ls  a re  ne e d e d  t o va lid a t e  our 
e xt rap ola t e d  re sult s . 

We  a t t e m p te d  t o p e rform  a  s im ila r ana lys is  for hand wip e , p e rsonal a ir, and  p rod uc t  
e m is s ions  d a t a  us ing d a t a  from  the  3– 5  ye ar old s , b ut  t he  re sult s  we re  inc onc lus ive  
b e c ause  t he re  we re  only t hre e  c he m ic a ls  (TCEP, TCIPP, and  TDCIPP) and , t he re fore , t hre e  
d a t a  p oint s , ava ilab le . In a ll c ase s , we  we re  unab le  t o  c onfirm  tha t  our d a t a  followe d  t he  
ge ne ra l t re nd s  id e nt ifie d  in Se c t ion 4 .6 .1. For hand wip e  d a t a , d ose s  we re  c a lc ula te d  in 
Se c t ion 4 .2.2 us ing t he  frac t ion ab sorb e d  and  p e rm e ab ilit y c oe ffic ie nt  m e thod s . Us ing t he  
p e rm e ab ilit y c oe ffic ie nt  m e thod , b oth un- norm alize d  and  norm alize d  d ose s  showe d  a  
d e c re as ing t re nd  with m ole c ular we ight , a lt hough it  is  unc le ar whe the r t his  t re nd  would  
hold  up  if m ore  d a t a  p oint s  we re  ava ilab le . Howe ve r, whe n us ing d ose s  c a lc ula t e d  from  
the  frac t ion ab sorb e d  m e thod , t he  un- norm alize d  d ose s  showe d  an inc re as ing t re nd , 
whe re as  t he  norm alize d  d ose  showe d  no t re nd  (i.e ., m inim al c hange  d ose ). For p e rsonal 
a ir m onitoring d a t a , only t he  un- norm alize d  d ose  was  c ons id e re d  b e c ause  t he  e q uat ions  
t o c a lc ula t e  inha la t ion e xp osure  d id  not  have  any c he m ic a l- sp e c ific  inp ut s  othe r t han 
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c he m ic a l c onc e nt ra t ion in a ir. No t re nd  was  ob se rve d  whe n t he  inha la t ion e xp osure s  
we re  p lot t e d  aga ins t  vap or p re s sure . Sim ila rly, for p rod uc t  e m is s ions  d a t a , only t he  un-
norm alize d  d ose  was  c ons id e re d . Howe ve r, b e c ause  t he  inha la t ion e xp osure s  for TCIPP 
varie d  ove r s e ve ra l ord e rs  of m agnitud e , d e p e nd ing on t he  p rod uc t , any p ot e nt ia l t re nd  
id e nt ifie d  was  c ons id e re d  highly unc e rt a in. Ad d it iona l e xp e rime nta l m e asure m e nt s  or 
m od e le d  d a t a  on othe r PHOPs  are  ne e d e d  t o b e  ab le  t o  e xt rap ola t e  d ose s  for t he se  d a t a  
t yp e s . It  m ay b e  p oss ib le  t ha t  a ft e r t he  DTT and  CPSC se arc h is  c om p le t e , d a t a  on othe r 
PHOPs  will b e c ome  ava ilab le  and  t his  ana lys is  c an t he n b e  up d ate d . 

4.7. Compilation of Exposures for PHOPs with Prod uct Use Data  
Tab le  21 and  Tab le  22 p re se nt  t he  d ose s  e s t im ate d  from  the  four ap p roac he s  for t he  
26  PHOPs  with p rod uc t  use  d a t a . In Tab le  21, c he m ic a ls  with m od e le d  va lue s  a re  m arke d  
with # , whe re as  c he m ic a ls  with e xt rap ola t e d  va lue s  (re p re se nt ing a  s e m i- q uant it a t ive  
d ose ) a re  m arke d  with ○. The  m od e le d  and  e xt rap ola t e d  va lue s  a re  t he n p re se nt e d  in 
Tab le  22. Dose s  we re  e xt rap ola t e d  for Ap p roac h 3 following t he  ap p roac h not e d  in 
Se c t ion 4 .6 .2 and  for p rod uc t  e m is s ions  und e r Ap p roac h 2. For p rod uc t  e m is s ions , we  
as sum e d  b ase d  on p rofe s s iona l jud gm e nt  t ha t  c he m ic a ls  with a  vap or p re s sure  lowe r 
t han t he  vap or p re s sure  of TDCIPP will have  inha la t ion d ose s  lowe r t han t ha t  of TDCIPP. In 
ad d it ion t o t he  four ap p roac he s , we  a lso inc lud e  b ac kground  e xp osure  in t he  t ab le s . For 
c he m ic a l 76 6 49 - 15- 5 , the  isom e r of TCIPP tha t  was  as s igne d  t he  s am e  e xp osure  
s c e narios , we  as sum e  it s  b ac kground  e xp osure  would  b e  le ss  t han t ha t  of TCIPP b e c ause  
it  is  inc lud e d  in c om m e rc ia l m ixture s  with TCIPP a t  ap p roxim ate ly 10 %. For c he m ic a ls  for 
whic h use s  we re  d e te rm ine d  sole ly from  p a t e nt  d a t a , we  as sum e d  the ir b ac kground  
e xp osure s  would  b e  lowe r t han t hose  for TCEP, TCIPP, and  TDCIPP, whic h a ll have  e xis t ing 
use s  (from  non- p a t e nt  sourc e s). Give n t ha t  t he  highe s t  b ac kground  e xp osure  of TCEP, 
TCIPP, and  TDCIPP is  1.7×10 −5 m g/kg/d ay, we  ass igne d  a  b ac kground  e xp osure  va lue  of 
<1.0 ×10 −5 m g/kg/d ay t o t he  c he m ic a ls  with only p a t e nt  d a t a . 
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Table  21. Summary of Data Availability for PHOP s with Product Use Data . 

CASRN Background  Approach #1 – 
CEM 

Approach #2 – 
Mouthing  

Approach #2 – 
Handwipes  

Approach #2 – 
Personal Air  

Approach #2 – 
Emissions  

Approach #3 – 
Indoor Dust  

Approach #4 -  
NHANES 

78 - 4 3- 3 ○ #  #  -  -  ○ ○ -  

115- 9 6 - 8  #  #  #  #  #  #  #  #  

115- 9 8 - 0  ○ #  #  -  -  -  ○ -  

126 - 72- 7 -  #  #  -  -  ○ #  -  

14 0 - 0 8 - 9  ○ #  #  -  -  -  ○ -  

10 6 7- 9 8 - 7 -  #  #  -  -  -  ○ -  

278 8 - 11- 6  ○ #  #  -  -  ○ ○ -  

4 351- 70 - 6  ○ #  #  -  -  ○ ○ -  

5324 - 12- 9  ○ #  #  -  -  ○ ○ -  

54 12- 25- 9  ○ #  #  -  -  ○ ○ -  

6 14 5- 73- 9  ○ #  #  -  -  -  ○ -  

6 29 4 - 34 - 4  ○ #  #  -  -  -  ○ -  

6 74 9 - 73- 1 ○ #  #  -  -  -  ○ -  

70 4 6 - 6 4 - 2 ○ #  #  -  -  ○ ○ -  

136 74 - 8 4 - 5  #  #  #  #  #  #  #  #  

76 6 4 9 - 15- 5 a ○ #  #  -  -  -  ○ -  

136 74 - 8 7- 8  #  #  #  #  #  #  #  #  

19 18 6 - 9 7- 1 -  #  #  -  -  ○ ○ -  

2756 8 - 9 0 - 7 ○ #  #  -  -  -  ○ -  

33125- 8 6 - 9  ○ #  #  -  -  -  ○ -  

356 5 6 - 0 1- 0  ○ #  #  -  -  ○ ○ -  



Clas s - b ase d  Exp osure  Asse s sme nt  of PHOP Flam e  Re t ard ant s  

 
75  

CASRN Background  Approach #1 – 
CEM 

Approach #2 – 
Mouthing  

Approach #2 – 
Handwipes  

Approach #2 – 
Personal Air  

Approach #2 – 
Emissions  

Approach #3 – 
Indoor Dust  

Approach #4 -  
NHANES 

38 0 51- 10 - 4  -  #  #  -  -  ○ #  -  

6 6 10 8 - 37- 0  ○ #  #  -  -  -  ○ -  

76 0 25- 0 8 - 6  -  #  #  -  -  -  ○ -  

8 4 28 2- 27- 9  ○ #  #  -  -  -  ○ -  

4 0 120 - 74 - 9  -  #  #  -  -  -  ○ -  

-  = no q uant it a t ive  or se m i- q uant it a t ive  d ose s  e s t im a te d . 
a76 6 4 9 - 15- 5  d id  no t  have  any p rod uc t  use s  re p ort e d ; howe ve r, give n it  is  an isom e r of 136 74 - 8 4 - 5  and  inc lud e d  in c om m e rc ia l m ixture s  with 136 74 - 8 4 - 5  
a t  ap p roxim ate ly 10 %, the  sam e  e xp osure  sc e narios  we re  as s igne d . 
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Table  22. Summary of Doses (mg/kg/day)  for 3–5 Year Olds for PHOPs with Product Use Data.  

CASRN Background  Approach #1 – 
CEM 

Approach #2 – 
Mouthing a 

Approach #2 – 
Handwipes b 

Approach #2 – 
Personal Air  

Approach #2 – 
Emissions  

Approach #3 – 
Indoor Dust  

Approach #4 -  
NHANES 

78 - 4 3- 3 <1.0 E- 0 5 c 1.35E- 0 2 6 .51E- 0 5  -  -  <8 .9 7E- 0 6  ~1.30 E- 0 6  -  

115- 9 6 - 8  1.10 E- 0 5  3.20 E- 0 1 1.8 7E- 0 4  1.19 E- 0 5  1.33E- 0 6  2.6 2E- 0 5  1.55E- 0 5  2.33E- 0 4  

115- 9 8 - 0  <1.0 E- 0 5  1.32E- 0 1 2.6 5E- 0 4  -  -  -  ~ or >1.55E- 0 5  -  

126 - 72- 7 -  4 .0 2E- 0 4  2.54 E- 0 5  -  -  <8 .9 7E- 0 6  4 .36 E- 0 9  -  

14 0 - 0 8 - 9  <1.0 E- 0 5  4 .59 E- 0 2 2.10 E- 0 4  -  -  -  ~ or >1.55E- 0 5  -  

10 6 7- 9 8 - 7 -  1.11E- 0 1 1.29 E- 0 4  -  -  -  ~6 .8 2E- 0 6  -  

278 8 - 11- 6  <1.0 E- 0 5  1.6 0 E- 0 4  1.15E- 0 5  -  -  <8 .9 7E- 0 6  ~ or <4 .36 E- 0 9  -  

4 351- 70 - 6  <1.0 E- 0 5  4 .6 7E- 0 3 4 .0 9 E- 0 5  -  -  <8 .9 7E- 0 6  4 .36 E- 0 9  to  
7.16 E- 0 8   

-  

5324 - 12- 9  <1.0 E- 0 5  5 .29 E- 0 3 1.9 9 E- 0 4  -  -  <8 .9 7E- 0 6  6 .8 2E- 0 6  to  
1.55E- 0 5  

-  

54 12- 25- 9  <1.0 E- 0 5  1.8 2E- 0 2 5 .70 E- 0 5  -  -  <8 .9 7E- 0 6  7.16 E- 0 8  to  
1.30 E- 0 6  

-  

6 14 5- 73- 9  <1.0 E- 0 5  1.26 E- 0 1 1.19 E- 0 4  -  -  -  ~6 .8 2E- 0 6  -  

6 29 4 - 34 - 4  <1.0 E- 0 5  1.4 7E- 0 1 1.9 8 E- 0 4  -  -  -  ~ or >1.55E- 0 5  -  

6 74 9 - 73- 1 <1.0 E- 0 5  1.0 2E- 0 2 7.29 E- 0 5  -  -  -  1.30 E- 0 6  to  
6 .8 2E- 0 6  

-  

70 4 6 - 6 4 - 2 <1.0 E- 0 5  5 .30 E- 0 5  5 .57E- 0 6  -  -  <8 .9 7E- 0 6  ~ or <4 .36 E- 0 9  -  

136 74 - 8 4 - 5  1.70 E- 0 5  1.31E- 0 1 1.25E- 0 4  9 .57E- 0 6  3.8 0 E- 0 5  
(3.39 E- 0 4 )d  

6 .31E- 0 5 e  6 .8 2E- 0 6  5 .58 E- 0 5  

76 6 4 9 - 15- 5 f <1.70 E- 0 5  1.24 E- 0 1 1.20 E- 0 4  -  -  -  ~6 .8 2E- 0 6  -  

136 74 - 8 7- 8  1.0 4 E- 0 5  9 .14 E- 0 3 6 .6 1E- 0 5  6 .36 E- 0 7 1.0 7E- 0 6  8 .9 7E- 0 6 g 1.30 E- 0 6  6 .0 1E- 0 4  

19 18 6 - 9 7- 1 -  3.77E- 0 6  7.56 E- 0 6  -  -  <8 .9 7E- 0 6  ~ or <4 .36 E- 0 9  -  
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CASRN Background  Approach #1 – 
CEM 

Approach #2 – 
Mouthing a 

Approach #2 – 
Handwipes b 

Approach #2 – 
Personal Air  

Approach #2 – 
Emissions  

Approach #3 – 
Indoor Dust  

Approach #4 -  
NHANES 

2756 8 - 9 0 - 7 <1.0 E- 0 5  2.6 2E- 0 1 8 .4 2E- 0 5 -  -  -  1.30 E- 0 6  to  
6 .8 2E- 0 6  

-  

33125- 8 6 - 9  <1.0 E- 0 5  8 .9 4 E- 0 2 6 .73E- 0 5  -  -  -  7.16 E- 0 8  to  
1.30 E- 0 6  

-  

356 5 6 - 0 1- 0  <1.0 E- 0 5  4 .6 9 E- 0 4  2.6 9 E- 0 5  -  -  <8 .9 7E- 0 6  4 .36 E- 0 9  to  
7.16 E- 0 8  

-  

38 0 51- 10 - 4  -  6 .79 E- 0 4  4 .10 E- 0 5  -  -  <8 .9 7E- 0 6  7.16 E- 0 8  -  

6 6 10 8 - 37- 0  <1.0 E- 0 5  2.30 E- 0 3 3.72E- 0 5  -  -  -  ~7.16 E- 0 8  -  

76 0 25- 0 8 - 6  -  3.31E- 0 2 1.21E- 0 4  -  -  -  ~6 .8 2E- 0 6  -  

8 4 28 2- 27- 9  <1.0 E- 0 5  8 .9 6 E- 0 3 7.74 E- 0 5  -  -  -  1.30 E- 0 6  to  
6 .8 2E- 0 6  

-  

4 0 120 - 74 - 9  -  1.4 1E- 0 2 6 .4 8 E- 0 5  -  -  -  ~1.30 E- 0 6  -  

-  = no q uant it a t ive  or se m i- q uant it a t ive  d ose s  e s t im a te d . 
aEs t im a te d  m outhing e xp osure  for p olyure thane - b ase d  m ate ria ls . 
bEs t im a te d  hand wip e  d ose s  from  kp  m e thod . 
cBac kground  e xp osure  e s t im a te d  to  b e  <1.0 E- 0 5  m g/kg/d ay for c he m ic a ls  for whic h p rod uc t  use  was  d e t e rm ine d  sole ly from  p a t e nt  d a t a .  
dDose  in b rac ke t s  c orre sp ond s  t ot a l d ose  for t he  sp ray p olyure thane  foam  sc e nario, e s t im a te d  from  a  hyb rid  ap p roac h c om b ining e le m e nt s  of 
Ap p roac he s  1, 2, and  3. 
eDose  c orre sp ond ing to  up hols t e re d  furniture . 
f76 6 4 9 - 15- 5  d id  not  have  any p rod uc t  use s  re p ort e d ; howe ve r, give n it  is  an isom e r of 136 74 - 8 4 - 5  and  inc lud e d  in c om m e rc ia l m ixture s  with 136 74 - 8 4 - 5  
a t  ap p roxim ate ly 10 %, the  sam e  e xp osure  sc e narios  we re  as s igne d . 
gDose  c orre sp ond ing to  PIR foam . 
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5. Summary  
We  as se s se d  e xp osure  t o PHOPs  us ing four ap p roac he s : (i) m e c hanis t ic  m od e ls  
(Ap p roac h 1), (ii) e mp iric a l m e asure m e nt s  inc lud ing m igra t ion ra t e s  from  p rod uc t s  t o  
s a liva , p e rsonal d e rm al load ing, p e rsonal a ir m onitoring d a t a , and  p rod uc t  
e m is s ions /p aram e te rs  (Ap p roac h 2), (iii) ind oor d us t  m onitoring d a ta  (Ap p roac h 3), and  
(iv) re ve rse  d os im e t ry with hum an b iom onitoring and  c he m ic a l- sp e c ific  t oxic okine t ic  
d a t a  (Ap p roac h 4 ). A c om p arison of e xp osure s  e s t im ate d  us ing t he  four ap p roac he s  
showe d  tha t  with t he  e xc e p t ion of t he  aggre ga t e  c onsum e r e xp osure s  c a lc ula t e d  from  
Ap p roac h 1, t he  d ose s  e s t im ate d  from  Ap p roac h 2 and  Ap p roac h 3 we re  ge ne ra lly b e low 
the  d ose s  c a lc ula t e d  from  Ap p roac h 4 . Be c ause  Ap p roac h 4  use s  b iom onitoring d a t a , t he  
e s t im ate d  d ose  re p re se nt s  a  t ot a l d ose  for a ll sourc e s  and  p a thways  t ha t  a  p e rson is  
e xp ose d  t o, and  as  suc h, it  should  b e  t he  highe s t  d ose  am ong a ll four ap p roac he s . 

The  aggre ga t e  c onsume r e xp osure s  e s t im ate d  we re  ord e rs  of m agnitud e  highe r t han t he  
d ose s  c a lc ula te d  from  b iom onitoring d a t a , sugge s t ing an ove rinc lus ion of sourc e s  and  t he  
ne e d  for furt he r re fine m e nt  of t he  m od e ling inp ut  p aram e te rs . We  not e d  se ve ra l sourc e s  
of unc e rt a inty re la t e d  to Ap p roac h 1 and  im p le m e nte d  ad jus tm e nt  fac tors  and  a  m e thod  
of aggre ga t ing e xp osure s  ac ros s  d iffe re nt  c onsum e r s c e narios  t ha t  use s  t he  p rob ab ilit y 
of t he  c onsum e r p rod uc t  b e ing in a  house hold  and  c ont a ining an OFR in t he  s am e  
sub c las s . In t he  ab se nc e  of d a t a , we  ap p lie d  p rofe s s iona l jud gm e nt  t o  d e t e rm ine  t he  
ad jus tm e nt  fac tors  and  t he  p rob ab ilit y of t he  c onsum e r p rod uc t  b e ing in a  house hold  
and  c ont a ining an OFR in t he  s am e  sub c las s . For Ap p roac h 2, t he  d ose s  e s t im ate d  from  
e m p iric a l m e asure m e nt s  we re , in ge ne ra l, s im ila r or b e low the  d ose  c a lc ula t e d  from  the  
up p e r e s t im ate  (i.e ., t he  m axim um  9 5 th p e rc e nt ile  va lue ) from  NHANES d a t a . Ove ra ll, 
t he re  we re  lim it e d  d a t a  s e t s  ac ros s  a ll e m p iric a l m e asure m e nt  d a t a  t yp e s  and  t he re fore  
unc e rt a inty in t he  e s t im ate d  d ose s . For Ap p roac h 3, t he  ind oor d us t  m onitoring d a t a  we re  
c las s ifie d  into b ins  b ase d  on t he  ind oor e nvironm e nt  s am p le d , with t he  re s id e nt ia l ge ne ra l 
p op ula t ion b in having t he  la rge s t  num b e r of d a t a  s e t s , e sp e c ia lly for TCEP, TCIPP, and  
TDCIPP. De p e nd ing on the  c he m ic a l, t he  e s t imate d  t ot a l d ose s  from  ind oor d us t  d a t a  
ac c ounte d  for <1% to 30 % of t he  d ose  c a lc ula te d  from  b iom onitoring d a t a . 

To p e rform  c las s - b ase d  e xp osure  as se ssm e nt s , we  a lso id e nt ifie d  t re nd s  or ke y 
p aram e te rs  t ha t  would  a llow us  t o e s t im ate  d ose s  for d a t a - p oor c he m ic a ls  us ing d a t a  
ava ilab le  for d a t a - ric h m e m b e rs . We  use d  t he  m od e le d  d ose s  from  Ap p roac h 1, in whic h 
we  varie d  only t he  p hys ic oc he m ic a l p aram e te rs  for one  sc e nario, t o  id e nt ify one  ke y 
p rop e rty for e ac h e xp osure  p a thway. All s ix of t he  p hys ic oc he m ic a l p rop e rt ie s  
c ons id e re d  we re  m od e ra t e ly t o highly c orre la t e d  with e ac h othe r. For d e rm al and  t ot a l 
e xp osure s , m ole c ular we ight  was  t he  ke y p re d ic tor, whe re as  for inge s t ion and  inha la t ion 



Clas s - b ase d  Exp osure  Asse s sme nt  of PHOP Flam e  Re t ard ant s  

 
79  

e xp osure s , t he  ke y p aram e te r was  oc t anol- wate r p art it ion c oe ffic ie nt  and  vap or 
p re s sure , re sp e c t ive ly.  

Us ing t he se  id e nt ifie d  t re nd s , we  e xt rap ola te d  se m i- q uant it a t ive  d ose s  for PHOPs  
id e nt ifie d  t o have  p rod uc t  use  d a t a  b ut  no ind oor d us t  d a t a . The  e xt rap ola t e d  d ose s  we re  
p re d ic te d  us ing m ole c ular we ight  and  p rovid e d  as  d ose s  re la t ive  t o a  d a t a - ric h c he m ic a l. 
For e xam p le , t he  one  PHOP with a  m ole c ular we ight  b e twe e n t ha t  of TCEP and  TCIPP (i.e ., 
CASRN 5324- 12- 9 ) is  e xp e c t e d  t o have  a  t ot a l d ose  b e twe e n 1.55×10 ‑5 and  
6 .82×10 ‑6 m g/kg/d ay for re s id e nt ia l ge ne ra l p op ula t ion 3– 5  ye ar old s . Dose s  c ould  not  b e  
e xt rap ola t e d  for t he  d a t a  t yp e s  c ons id e re d  und e r Ap p roac h 2 b e c ause  only t hre e  
c he m ic a ls  had  d a t a , t he  d ose s  we re  ge ne ra lly c a lc ula t e d  us ing a  lim it e d  num b e r of d a t a  
s e t s , and /or t he  e xt rap ola t ion re sult s  we re  inc onc lus ive . 

Ove ra ll, t he  ana lyse s  d e sc rib e d  in t his  re p ort  show tha t  t he  ap p roac he s  use d  t o e s t im ate  
e xp osure  from  e m p iric a l m e asure m e nt s  and  ind oor d us t  m onitoring d a t a  a re  ab le  t o  
p rovid e  d ose s  t ha t  a re  within t he  e xp e c te d  range  whe n c omp are d  t o d ose s  from  
b iom onitoring d a t a . Ad d it iona l work is  ne e d e d  t o re fine  t he  me c hanis t ic  m od e ling 
ap p roac h, p rim arily in d a t a  inp ut s . We  a lso d e m ons t ra t e d  a  p rop ose d  m e thod ology for 
e xt rap ola t ing d ose s  from  d a t a- ric h t o d a t a - p oor c he m ic a ls  us ing ind oor d us t  d a t a , 
a lt hough ad d it iona l d a t a  for othe r c he m ic a ls  a re  ne e d e d  t o va lid a t e  this  m e thod . Onc e  
ad d it iona l e xp osure  inform at ion b e c om e s  ava ilab le  t hrough t he  DTT and  CPSC se arc h, 
t his  ana lys is  c an b e  up d at e d  t o use  t he  m ore  c om p re he ns ive  d a t a . 
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7. Supporting Files  
Table  23. List of 37 Supporting Files. 

Filename  Description  Se c t ion of 
Re p ort  

CO- 3 Class Based Exposure 
Guide_2024 - 05 - 22.docx  

Guid anc e  Doc um e nt  for Cond uc t ing Class - b ase d  
Exp osure  Asse ssm e nt s  for OFRs  

1 

Supporting Files for Approach  1 (28 files)    

PHOPs  Ap p e nd ix A- 1_ CEM Inp ut s_ 20 24 -
0 4 - 24 .xlsx 

Inp ut  p a ram e te rs  use d  in CEM runs  4 .1.1 

PHOPs  Ap p e nd ix A- 2_ [CASRN]_ CEM 
Re sult s_ 20 24 - 0 4 - 24 .xlsx 

Twe nty- s ix file s , one  for e ac h c he m ic a l, c onta ining 
the  CEM re sult s  for e ac h ind ivid ua l sc e nario and  the  
ad jus t e d  aggre ga t e  c onsum e r e xp osure  

4 .1.2 

PHOPs  Ap p e nd ix A- 3_ Aggre ga t e  
Consum e r Exp osure  Cod e _ 20 24 - 0 4 -
25 .R (.t xt  a lso ava ilab le ) 

R c od e  to  c a lc ula t e  ad jus t e d  aggre ga t e  c onsum e r 
e xp osure  

4 .1.3  

Supporting Files for Approach  2 (5 files)    

PHOPs  Ap p e nd ix B- 1_ Migra t ion Ra te s  into 
sa liva  Da ta_ 20 24 - 0 4 - 24 .xlsx 

Es t im ate d  m igra t ion ra t e s  into sa liva  and  
c orre sp ond ing c a lc ula t e d  d ose s  

4 .2.1 

PHOPs  Ap p e nd ix B- 2_ Hand wip e  
Da ta_ 20 24 - 0 4 - 24 .xlsx 

Hand wip e  d a t a  id e nt ifie d  from  foc use d  lit e ra ture  
se a rc h and  the  d ose s  c a lc ula t e d  us ing the  fab s  and  
kp  m e thod s  

4 .2.2 

PHOPs  Ap p e nd ix B- 3_ Pe rsona l Air 
Da ta_ 20 24 - 0 4 - 24 .xlsx 

Pe rsona l a ir m onitoring d a t a  id e nt ifie d  from  foc use d  
lit e ra ture  se a rc h and  c orre sp ond ing c a lc ula t e d  
d ose s  

4 .2.3  

PHOPs  Ap p e nd ix B- 4 _ Prod uc t  Em iss ions  
Da ta_ 20 24 - 0 4 - 29 .xlsx 

Prod uc t  e m iss ions  d a t a  id e nt ifie d  from  foc use d  
lit e ra ture  se a rc h and  c orre sp ond ing c a lc ula t e d  
d ose s  

4 .2.4  

PHOPs  Ap p e nd ix B- 5_ SPF Dose  
Hyb rid _ 20 24 - 0 5- 30  

Inha la t ion, Inge s t ion, and  De rm al d ose s  as soc ia t e d  
with Sp ray Polyure thane  Foam  ac ross  m ult ip le  
ap p roac he s  

4 .2.5  

Supporting Files for Approach  3 (2 files)    

PHOPs  Ap p e nd ix C- 1_ Ind oor Dus t  
Da ta_ 20 24 - 0 4 - 24 .xlsx 

Dus t  d a t a  id e nt ifie d  from  foc use d  lit e ra ture  se a rc h 
and  d ose s  c a lc ula t e d  from  R c od e  

4 .3.4  

PHOPs  Ap p e nd ix C- 2_ Ap p roac h 3 Dus t  
Cod e _ 20 24 - 0 4 - 15 .R (.t xt  a lso ava ilab le ) 

R c od e  to  p roc e ss  d us t  d a t a  and  c a lc ula t e d  p oole d  
ge om e t ric  m e an and  c orre sp ond ing d ose s  
 

4 .3.4  

Supporting Files for Approach  4 (1 file)   

Exp osure  Asse ssm e nt  of Polyha loge na t e d  
Organop hosp ha te  (PHOP) Flam e  
Re ta rd ant s  Us ing Hum an Biom onitoring 
Da ta .p d f 

Ca lc ula t e d  d ose s  us ing Hum an Biom onitoring d a t a  
and  re ve rse  d os im e t ry (The re  a re  22 sup p ort ing file s  
for t his  m a in re p ort  t ha t  we re  linke d  and  p os t e d  
und e r a  se p ara t e  c ont rac t ) 

4 .4  
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