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1. Introduction  
An e xp osure  as se s sm e nt  e s t im ate s  or m e asure s  t he  m agnitud e , fre q ue nc y, and  d ura t ion 
of e xp osure  t o an age nt  and  d e sc rib e s  t he  p op ula t ion e xp ose d  (U.S. EPA, 20 19b ). 
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 harac t e riza t ion of e xp osure  re q uire s  inform at ion on 
t he  e xp osure  s c e nario or c he m ic a l m e asure me nt s  from  e nvironm e nta l m e d ia  or b iologic a l 
m at ric e s ; howe ve r, t he re  a re  oft e n no d a t a  ava ilab le  t o  a llow for e xp osure  e s t im at ion. 

This  guid e  d e sc rib e s  a  p roc e ss  for c ond uc t ing e xp osure  as se s sme nt s  us ing a  c las s -
b ase d  ap p roac h for organohaloge n flam e  re t a rd ant s  (OFRs) as  an e xam p le . A c las s - b ase d  
ap p roac h as se s se s  m ult ip le  c he m ic a ls  a t  one  t im e , us ing t he  d a t a  ava ilab le  for d a t a - ric h 
m e m b e rs  of t he  c las s  and  e xt rap ola t ing t o d a t a - p oor m e mb e rs  in 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).  

The  foc us  of t his  guid e  is  on OFRs , whic h a re  use d  in c onsum e r and  c om m e 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) was  p e t it ione d  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 . In t he  20 19  re p ort  A Class 
Approach to Hazard Assessment of Organohalogen Flame Retardants , t he  Nat iona l 
Ac ad e m ie s  of Sc ie nc e s , Engine e ring, and  Me d ic ine  (NASEM) sub c omm it t e e  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  b ut  ra the r 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 t e d  b iologic a l 
ac t ivit y (NASEM, 20 19). In t his  guid e , t he  illus t ra t ive  e xam p le s  a re  b ase d  on a  sub se t  of 
OFRs  from  the  p olyha loge nat e d  organop hosp hat e  (PHOP) sub c las s .  

This  guid e , Guidance Document for Conducting Class - based Exposure Assessments for 
Organohalogen Flame Retardants , is  a  c om p anion re p ort  t o  Class- based Exposure 
Assessment of Polyhalogenated Organophosphate (PHOP) Flame Retardants . The  guid e  is  
writ t e n t o c ove r m any p oss ib le  ap p roac he s  for c las s - b ase d  e xp osure  as se s sm e nt . As  t he  
guid e  is  ap p lie d  t o sp e c ific  sub c las se s , ap p roac he s  out line d  he re in m ay ne e d  t o b e  
ad ap t e d  or re fine d  b ase d  on ava ilab le  d a t a  and  uniq ue  c ons id e ra t ions  sp e c ific  t o  
ind ivid ua l sub c las se s . CPSC s t a ff c an re vis it  t he  ap p roac he s  d e sc rib e d  in t he  guid e  b ase d  
on p e riod ic  re vie w.  



Clas s - b ase d  Exp osure  Asse s sme nt  Guid e  for OFRs  

 
2 

2. Overview of Class - based Exposure Assessment  
Approach  

The  ove ra ll c las s - b ase d  e xp osure  as se ssm e nt  ap p roac h d e sc rib e d  he re  d oe s  not  inc lud e  
t he  init ia l s t e p s  p e rform e d  d uring t he  s c op ing p hase  (id e nt ifying p ot e nt ia l sourc e s  of 
e xp osure  and  d e p ic t ing t he se  t hrough a  c onc e p tua l e xp osure  m od e l). This  guid e  
as sum e s  t he re  a re  suffic ie nt  d a t a  t o  p roc e e d  with e xp osure  as se ssme nt  us ing one  or 
m ore  of t he  e xp osure  as se s sm e nt  m e thod s  d e sc rib e d  b e low for a  sub c las s . 

Se ve ra l m e thod s  c an b e  use d  t o e s t im ate  e xp osure , with t he  c hoic e  d e p e nd e nt  on d a t a  
ava ilab ilit y, t he  sp e c ific  e xp osure  s c e nario, and  t he  p urp ose  of t he  asse s sm e nt , am ong 
othe r fac tors . In t his  guid e , t he  following four m e thod s  a re  use d : 

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  d ire c t  c onsum e r e xp osure  or (b ) use  of c he m ic a l 
e m is s ions  m e asure me nt s  from  p rod uc ts  t o  ind oor e nvironm e nt s  t o  e s t im ate  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  a ll c onsum e r p rod uc t s  in an ind oor e nvironm e nt . 

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 t he  p urp ose s  of t his  guid e , t he  four m e thod s  lis t e d  ab ove  a re  re fe rre d  t o as  Ap p roac h 
1, Ap p roac h 2, Ap p roac h 3, and  Ap p roac h 4 , re sp e c t ive ly. All c he m ic a ls  in a  sub c las s  a re  
firs t  e va lua t e d  us ing me c hanis t ic  m od e ls  (Ap p roac h 1). In t his  ap p roac h, c onsum e r 
e xp osure  s c e narios , whic h d e sc rib e  how e xp osure  t ake s  p lac e , a re  firs t  id e nt ifie d  and  a re  
e ac h d e fine d  as  a  c omb ina t ion of t he  c onsum e r p rod uc t  (i.e ., sourc e ), t he  p a thway, and  
t he  re c e p tor. Us ing availab le  use  inform at ion, e ac h c he m ic a l is  t he n m ap p e d  t o one  or 
m ore  e xp osure  s c e narios .  

From  a  c las s - b ase d  p e rsp e c t ive , p ot e nt ia l use s  for c he m ic a ls  without  p rod uc t  use  
inform at ion c an b e  d e te rm ine d  b y e xt rap ola t ing from  c he m ic a ls  with d a t a  (e .g., b ase d  on 
s im ila r p hys ic oc he m ic a l p rop e rt ie s , s im ila r s t ruc ture s , or known m ate ria l t yp e - p rod uc t  
re la t ionship s ). The  one  e xp osure  s c e nario t ha t  (i) c ove rs  a ll p a thways  and  (ii) has  t he  
gre a t e s t  num b e r of c he m ic a ls  with known or e xt rap ola t e d  use s  is  s e le c t e d  as  t he  
s c e nario t o b e  m od e le d  for a ll c he m ic a ls . With t he  e xc e p t ion of t he  p hys ic oc he m ic a l 
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p rop e rt ie s , a ll othe r m od e l inp ut s  (e .g., p rod uc t  p rop e rt ie s , e nvironme nta l inp ut s , 
p op ula t ion inp ut s ) re main t he  s am e  ac ros s  c he m ic a ls . The  e s t im ate d  e xp osure s  c an t he n 
b e  use d  t o id e nt ify t re nd s  or t o  rank c he m ic a ls  re la t ive  t o one  anothe r b y p a thway, with 
t he  re sult ing d iffe re nc e s  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. 

Che m ic a ls  a re  t he n e valua t e d  us ing t he  t hre e  ap p roac he s  b e low if d at a  a re  ava ilab le :  

• Em p iric a l m e asure m e nt s  (Ap p roac h 2), whic h inc lud e  m igra t ion d a t a  into s a liva  or 
t he  skin and  e m is s ions  from  p rod uc t s ;  

• Ind oor d us t  m onitoring d a t a  (Ap p roac h 3), whic h re fe r t o  s e t t le d  d us t  
m e asure m e nt s  t oge the r with m od e ls  for t he  c orre sp ond ing c he m ic a l 
c onc e nt ra t ions  in vap or and  a irb orne  d us t ; and   

• Oc c urre nc e  d a t a  in b iologic a l m at ric e s  (Ap p roac h 4 ), whic h inc lud e s  b ac k-
c a lc ula t ing t he  e xp osure  ne e d e d  t o p rod uc e  those  b iom arke r le ve ls .  

Ap p roac h 2 will p rovid e  an e s t im ate d  d ose  for a  s c e nario, Ap p roac h 3 will p rovid e  an 
e s t im ate d  t ot a l d ose  for a ll sourc e s  re la te d  t o ind oor d us t  for e ac h c he m ic a l, and  
Ap p roac h 4  will p rovid e  an e s t im ate d  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 for e ac h c he m ic a l. Exp osure  t o c he m ic a ls  without  c he m ic a l-
sp e c ific  me asure d  inp ut  d a t a  c an b e  e s t im ate d  re la t ive  t o a  c he m ic a l with d a t a  us ing t he  
t re nd s  and  re la t ive  rankings  id e nt ifie d  in Ap p roac h 1. For e xam p le , if a  group  of t hre e  
c he m ic a ls  have  no ind oor d us t  d a t a  ava ilab le , b ut  t he  m e c hanis t ic  mod e ling re sult s  of 
Ap p roac h 1 show tha t  a ll t hre e  c he m ic a ls  have  e s t im ate d  d ose s  t ha t  a re  an ord e r of 
m agnitud e  lowe r t han t he  othe r c he m ic a ls  in t he  sub c las s , t his  t re nd  c an b e  use d  t o 
e xt rap ola t e  t ha t  t he  d ose s  c a lc ula t e d  from  ind oor d us t  d a t a  for t he se  t hre e  c he m ic a ls  
would  b e  lowe r t han t he  d ose s  c a lc ula t e d  from  the  othe r c he m ic a ls  (s e e  Tab le  1).  

In t he  illus t ra t ive  e xamp le  b e low, it  is  as sum e d  tha t  m od e le d  d ose s  fa ll into t hre e  b ins : 
ap p roxim ate ly e q ual t o, gre a te r t han, or le s s  t han a  va lue ; howe ve r, t he  ac tua l d a t a  m ay 
show d iffe re nt  t re nd s  (e .g., one  c he m ic a l with a  s ignific ant ly highe r d ose  and  t he  
re m aining c he m ic a ls  group e d  into two range s). The  e xamp le  a lso as sum e s  t ha t  whe n d a t a  
a re  ava ilab le  for Ap p roac he s  2, 3 , and  4 , t he  t re nd s  ob t a ine d  from  those  m od e le d  d ose s  
a re  c ons is t e nt  with t he  t re nd s  ob se rve d  in Ap p roac h 1. Howe ve r, d iffe re nt  ap p roac he s  
m ay show d iffe re nt  t re nd s . The se  is sue s  will ne e d  t o b e  ad d re s se d  us ing p rofe s s iona l 
jud gm e nt . 
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Table  1. Illustrative Example for a Subset of Polyhalogenated Organophosphates Showing 
Extrapolation of Doses for Approaches 2, 3, and 4 Based on Trends Identified in Approach 1 . 

Che m ic a l 
CASRN 

Ap p roac h 1 
(Me c hanis t ic ) 

Ap p roac h 2 
(Em p iric a l) 

Ap p roac h 3 
(Ind oor Dus t ) 

Ap p roac h 4  
(Re ve rs e  Dos im e t ry) 

115- 9 6 - 8  Mod e le d  d ose  ~ b  Ext rap ola t e d  d ose  ~ c  Mod e le d  d ose  ~ d  Mod e le d  d ose  ~ f 

126 - 72- 7 Mod e le d  d ose  ~ b  Mod e le d  d ose  ~ c  Mod e le d  d ose  ~ d  Mod e le d  d ose  ~ f 

136 74 - 8 4 - 5  Mod e le d  d ose  ~ b  Ext rap ola t e d  d ose  ~ c  Mod e le d  d ose  ~ d  Mod e le d  d ose  ~ f 

136 74 - 8 7- 8  Mod e le d  d ose  << b  Ext rap ola t e d  d ose  < c  Ext rap ola t e d  d ose  < d  Ext rap ola t e d  d ose  < f 

19 18 6 - 9 7- 1 Mod e le d  d ose  << b  Ext rap ola t e d  d ose  < c  Ext rap ola t e d  d ose  < d  Ext rap ola t e d  d ose  < f 

38 0 51- 10 - 4  Mod e le d  d ose  << b  Ext rap ola t e d  d ose  < c  Ext rap ola t e d  d ose  < d  Ext rap ola t e d  d ose  < f 

76 0 25- 0 8 - 6  Mod e le d  d ose  ~ b  Ext rap ola t e d  d ose  ~ c  Mod e le d  d ose  ~ d  Ext rap ola t e d  d ose  ~ f 

b , c , d , f re p re se nt  m od e le d  d ose  va lue s  for Ap p roac he s  1, 2, 3, and  4 , re sp e c t ive ly. 
Gre e n c e lls  = e xp osure s  m od e le d  and  re sult s  use d  to  d e t e rm ine  t re nd s  and  re la t ive  rankings  ac ross  
c he m ic a ls . 
Ye llow c e lls  = e xp osure s  m od e le d  us ing ava ilab le  d a t a . 
Blue  c e lls  = no d a t a  ava ilab le  for m od e ling; e xp osure s  e xt rap ola t e d  us ing m od e le d  re sult s  for d a t a - ric h 
c he m ic a ls  and  the  t re nd s  id e nt ifie d  in Ap p roac h 1. 

Mult ip le  ap p roac he s  should  b e  use d  t o c orrob ora t e  t he  c a lc ula t e d  and  e xt rap ola te d  
d ose s . 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  c omp are d  t o re sult s  from  the  ind oor d us t  ap p roac h as  b oth 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 . Biom onitoring re sult s  re fle c t  b oth ind oor d us t  and  sourc e s  tha t  d o not  re sult  in 
ind oor d us t  e xp osure ; thus , t he  d ose s  c a lc ula t e d  us ing Ap p roac h 4  would  b e  e xp e c t e d  t o 
b e  som e what  highe r t han t hose  c a lc ula t e d  us ing Ap p roac h 3. As  anothe r e xam p le , 
aggre ga t e s  d ose - c a lc ula t e d  us ing Ap p roac h 1 (i.e ., c om b ining d ose s  from  b ac kground  
e xp osure s  and  m ult ip le  e xp osure  s c e narios  [se e  Se c t ion 3]) c an b e  c om p are d  t o d ose s  
c a lc ula t e d  us ing Ap p roac h 4 . If t he  d ose s  c a lc ula t e d  from  the  two ap p roac he s  d o not  
ove rlap  (i.e ., t he y a re  gre a t e r t han 1– 2 ord e rs  of m agnitud e  ap art  from e ac h othe r), t his  
c an ind ic a t e  t ha t  som e  p ot e nt ia l sourc e s  we re  not  c ons id e re d  in Ap p roac h 1 (or t oo m any 
sourc e s  we re  c ons id e re d ) or c an re fle c t  p ote nt ia l unc e rt a inty in t he  re ve rse  d os im e t ry. 

Whe n us ing t re nd s  from  Ap p roac h 1 t o e xt rap ola t e  for t he  othe r ap p roac he s , t he  t re nd s  
from  the se  othe r ap p roac he s  should  a lso b e  e va lua t e d . In t he  e xam p le  ab ove , if any of 
t he  t hre e  c he m ic a ls  have  hum an b iom onitoring and  t oxic okine t ic  d a t a , t he  c a lc ula t e d  
d ose  should  b e  c omp are d  t o d ose s  of t he  othe r c he m ic a ls  t o  d e t e rmine  whe the r t he  
ob se rve d  t re nd  is  c ons is t e nt  with t ha t  in Ap p roac h 1. In ad d it ion, as  d is c us se d  he re  and  in 
Se c t ion 6 , t he  t re nd s  from  Ap p roac h 1 c an b e  use d  t o q ua lit a t ive ly or s e m i- q uant it a t ive ly 
inform  the  t re nd s  for Ap p roac h 4 . 

The  following se c t ions  d e sc rib e  in m ore  d e t a il e ac h of t he  four ap p roac he s . 
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3. 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  m ate ria l/ p rod uc t  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 te rm ine d  and  is  
sp e c ific  t o  t ha t  s c e nario. The  as se s sor t he n c ons id e rs  whic h sc e narios  a lways , 
som e t im e s , or ne ve r c o- oc c ur t o id e nt ify t hose  t ha t  should  b e  c ons id e re d  for 
aggre ga t ion. The se  e s t im ate d  e xp osure s  a re  c om b ine d  with b ac kground  e xp osure s  t o  
e s t im ate  aggre ga t e  e xp osure .  

3.1. Consumer Exposure Scenarios  

3.1.1. Sources  
Exp osure  m od e ls  for house hold s  ofte n c a t e gorize  sourc e s  into two typ e s : p rod uc t s  and  
a rt ic le s . Mod e ls  as sume  tha t  p rod uc t s  e p isod ic a lly re le ase  c he m ic a ls  e ac h t im e  t he y a re  
use d  and  t ha t  p rod uc ts  d o not  re le ase  c he m ic a ls  whe n not  b e ing use d . Exp osure  
as se s sm e nt  for p rod uc t s  re q uire s  inform at ion on who is  us ing t he m  and  how ofte n. 
Art ic le s  a re  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 . 
Exam p le s  inc lud e  furnit ure , c arp e t s , ap p lianc e s , d rap e s , e t c . No “use r” is  re q uire d , 
a lt hough som e  art ic le s  m ay b e  c ont ac t e d  d ire c t ly. The  sourc e s  t o b e  c ons id e re d  in t he  
OFR as se s sm e nt s  a re  ne arly a ll a rt ic le s . Howe ve r, t he  ge ne ric  t e rm  “p rod uc t ” is  fre q ue nt ly 
use d  b e low to ap p ly t o b oth p rod uc t s  and  a rt ic le s . 

For e ac h sub c las s , c omm e rc ia l and  c onsum e r p rod uc t s  in whic h OFRs  are , have  b e e n, or 
m ay p ot e nt ia lly b e  use d  a re  firs t  id e nt ifie d  us ing five  d a t a  sourc e s : (i) Int e rs t a t e  
Che m ic a ls  Cle aringhouse ’s  High Priorit y Che mic a ls  Dat a  Sys t e m  (HPCDS); (ii) EPA’s  
Che m ic a l Dat a  Re p ort ing (CDR) d a t ab ase ; (iii) lit e ra ture  sourc e s ; (iv) p a t e nt  d a t a  from  
Pub Che m; and  (v) UL’s  Prosp e c tor d a t ab ase . Dat a  from  sourc e s  (i) t hrough (iv) have  
a lre ad y b e e n d ownload e d  and  m ad e  ava ilab le  in CPSC’s  Marke t  Use  Re p ort : 
Charac t e rizing OFR Che m is t rie s , Sourc e s , and  Use s  in t he  U.S. and  Int e rna t iona l Marke t s , 
Volum e s  1 (Main Re p ort ) and  2 (Ap p e nd ic e s) (IEc , 20 22a; IEc , 20 22b ). The se  d a t a  sourc e s  
p rovid e  t he  following inform at ion: 

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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• HPCDS1, CDR, and  lit e rature  sourc e s  p rovid e  t he  c om m e rc ia l/ c onsume r p rod uc t , 
t he  sp e c ific  OFR(s ) p re se nt  in t he  p rod uc t , and , in som e  c ase s , t he  
c onc e nt ra t ion(s ) or c onc e nt ra t ion range (s ) of t he  OFR(s). 

• Pate nt  d a t a  p rovid e s  p ot e nt ia l future  use s  of OFRs  in c om me rc ia l and  c onsum e r 
p rod uc t s . A ke yword  se arc h c an b e  use d  t o id e nt ify a  p riorit ize d  lis t  of p a t e nt  
ap p lic a t ion ab s t rac t s  for re vie w. 

• The  UL’s  Prosp e c tor d a t ab ase  p rovid e s  informat ion on t he  p rod uc t , the  OFR 
p re se nt , and  t he  m ate ria l. This  inform at ion c an b e  use d  t o und e rs t and  how 
d iffe re nt  OFRs  are  use d  in d iffe re nt  m ate ria ls  in c onsum e r p rod uc t s .  

For c he m ic a ls  without  any use  inform at ion, t he  as se s sor c an e xt rap ola t e  p ot e nt ia l 
p rod uc t  use s  inform e d  b y m ult ip le  c rit e ria , suc h as : 

• A c he m ic a l in t he  s am e  sub c las s  with s im ila r (i.e ., ± a  fac tor of 3) ke y 
p hys ic oc he m ic a l p rop e rt ie s . The se  m ay inc lud e  t he  oc t anol- a ir p art it ion 
c oe ffic ie nt  (log KOA), oc t anol- wate r p art it ion c oe ffic ie nt  (log KOW), vap or p re s sure , 
m ole c ular we ight , and  othe rs . 

• A c he m ic a l in t he  s am e  sub c las s  with a  s im ila r s t ruc ture . Che m ic a l s t ruc ture s  c an 
b e  e va lua t e d  for s im ila rit y us ing t he  Tanim oto c oe ffic ie nt  (T), whe re in T > 0 .85  is  
c ons id e re d  s t ruc tura lly s im ila r.  

• Known m ate ria l t yp e - p rod uc t  re la t ionship s  d e rive d  from  othe r c he m ic a ls  in t he  
sub c las s . For e xam p le , if two OFRs  are  known to b e  use d  in s t yre ne  p olym e r or 
c op olym e r b ut  only one  OFR has  known ap p lic a t ions  of p las t ic s , t e xt ile s , ad he s ive s  
and  c oa t ings , and  e xp and e d  and  e xt rud e d  p olys tyre ne  foam s , it  c an b e  
e xt rap ola t e d  t ha t  t he  s e c ond  OFR c ould  b e  use d  in t he  s am e  ap p lic a t ions . 

Following re vie w of t he se  d a t a  sourc e s  and  e xt rap ola t ion from  d a t a- ric h t o d a t a - p oor 
c he m ic a ls , t he  as se s sor will have  a  lis t  of p rod uc t s  for e ac h c he m ic a l in t he  sub c las s .  

3.1.2. Exposure Pathways  
Four mediated and two contact exposure pathways are considered and illustrated in 
Figure 1. In the mediated pathways, OFRs are emitted from products and partition 
between settled dust, airborne dust (particulates), and gas; exposure occurs through 
interaction with one of these media. In the contact pathways, the receptor interacts 
directly with the prod uct.  

1. Ingestion of indoor dust: this mediated pathway models incidental ingestion of settled 
dust (floor dust, surface dust).  

 
1 For HPCDS product description s, the HPCDS glossary directs the user to consult the GS1 Global Product Classification 

(GPC) standard . 

https://www.theic2.org/hpcds/hpcds-glossary/
https://www.gs1.org/standards/gpc
https://www.gs1.org/standards/gpc
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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. 

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 . 

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. 

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 . 

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 . 

 
Figure 1. Schematic of the Chemical Movement  from Source to Receptor through Various Media in 
an Indoor Environment . 

3.1.3. Receptors  
Human populations of all age groups are included.  

3.1.4. List of Exposure Scenarios  
To avoid having an overwhelming number of exposure scenarios across the 14 subclasses, 
a master list of exposure scenarios was first developed  by combining  the  source  
information  for all subclasses  with  the pathways and receptors considered . For a 
subclass , the list of relevant exposure scenarios is then a subset of  this master list (i.e., a 
subclass will never have more scenarios than the master list).  
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Tab le  2 shows  t he  m as te r lis t  of 18  e xp osure  s c e narios . Eac h of t he  sp e c ific  c onsume r 
p rod uc t s  id e nt ifie d  is  m ap p e d  t o an e xp osure  s c e nario. For e xam p le , t e le vis ions  a re  
m ap p e d  t o “Non- hand he ld  e le c t ronic s  and  ap p lianc e s  whe re  me d ia te d  e xp osure  is  like ly 
for c hild re n and  ad ult s ,” whe re as  c lothing is  map p e d  t o “Te xt ile s  whe re  c ont ac t  and  
m e d ia t e d  e xp osure  is  like ly for c hild re n and  ad ult s .” Eac h sc e nario is  c ros swalke d  t o t he  
s ix e xp osure  p a thways ; re le vant  p a thways  for e ac h sc e nario a re  ind ic a t e d  with an “x” in 
Tab le  2. A 19 th s c e nario was  a lso id e nt ifie d : “Hand he ld  hard  and  soft  p las t ic  food  c ont ac t  
m ate ria ls  (inc lud ing rub b e r) whe re  c ont ac t  and  m e d ia t e d  e xp osure  is  like ly for c hild re n 
and  ad ult s ”; howe ve r, m os t  e xp osure  via  t his  s c e nario is  c ons id e re d  und e r t he  U.S. Food  
and  Drug Ad m inis t ra t ion’s  jurisd ic t ion (e .g., m igra t ion into food , m outhing as  int e nd e d ), 
ra the r t han CPSC jurisd ic t ion, and  is  t he re fore  not  m od e le d  he re .  

The  e xp osure  sc e narios  and  t he  e xp osure  p a thways  c ons id e re d  he re  a re  c ons is t e nt  with 
t he  SVOCs  c onse nsus  fram e work, a  m od ular m e c hanis t ic  fram e work for p re d ic t ing 
hum an e xp osure  t ha t  was  d e ve lop e d  b y Eic hle r e t  a l. (20 20 ). The  c onse nsus  fram e work 
c las s ifie s  p rod uc t s  into one  of s ix sourc e  e m iss ion c a t e gorie s  (solid , soft , fre q ue nt  
c ont ac t , ap p lie d , sp raye d , and  high t e mp e ra ture ), and  t he  18  e xp osure  s c e narios  in 
Tab le  2 c an a ll b e  m ap p e d  t o one  of t he  e m iss ion sourc e  c a t e gorie s  of t he  c onse nsus  
fram e work. The  firs t  t hre e  of Eic hle r e t  a l.’s  (20 20 ) s ix sourc e  e m is s ion c a t e gorie s  c ont a in 
ne arly a ll of t he  18  sc e narios . 
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Table  2. Crosswalk of List of Consumer Exposure Scenarios Relevant to All OFR Subclasses , Example Products, and Pathways a 

#  Exposure Scenario Description  Example Products  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 and  ad ult s  

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 

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 
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#  Exposure Scenario Description  Example Products  1 2 3 4 5 6 

13 Foam  c arp e t  b ac king 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 

 Prod uc t s  and  Pa thways  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  

Prod uc t s  and  Pa thways  d e t e rm ine d  on a  c ase - b y-
c ase  b as is . Som e  of t he se  a re  out s id e  of CPSC’s  
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. Available Tools  
Se ve ra l e xp osure  m od e ling t ools  a re  re ad ily ava ilab le  for use  t o e s t imate  e xp osure  from  
sp e c ific  c onsum e r p rod uc t s . The  five  t ools  c ons id e re d  have  we ll- e s tab lishe d  
d oc um e nta t ion and /or we re  p e e r re vie we d . The  re le vant  p roc e s se s  and  as soc ia t e d  
m athe m at ic a l e q ua t ions  of e ac h t ool a re  d e sc rib e d  in t he ir c orre sp ond ing use r’s  guid e  or 
we b  d oc ume nta t ion, with a  b rie f sum m ary of the  t ool p rovid e d  b e low. 

• EPA’s  Consum e r Exp osure  Mod e l (CEM): CEM c onta ins  21 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 c onsum e r p rod uc t s—6  e m is s ion m od e ls , 3  
inha la t ion m od e ls , 5  inge s t ion m od e ls , and  7 d e rm al m od e ls—and  c an d is t inguish 
b e twe e n use r and  b ys tand e r e xp osure . Notab ly, CEM has  a  m ass  b a lanc e  m od e l 
for e s t im at ing e m is s ions , ind oor fa t e  and  t ransp ort , and  e xp osure  t o SVOCs  
origina t ing in c onsum e r a rt ic le s . The  t ool c om e s  with 73 p re d e fine d  p rod uc t  and  
a rt ic le  use  s c e narios  and  p aram e te r e s t im ators  t ha t  c an b e  use d  in the  ab se nc e  of 
p ub lishe d  d a t a . Use rs  c an a lso c re a t e  ne w sc e narios  or m od ify e xis t ing sc e narios  
as  ne e d e d . Only one  c he m ic a l and  one  p rod uc t / a rt ic le  c an b e  hand le d  in e ac h run. 
Both ac ut e  and  c hronic  e xp osure s  a re  re p orte d  for p e rsons  of various  age s , b y 
e xp osure  p a thway. 

• EPA’s  Stoc has t ic  Hum an Exp osure  and  Dose  Sim ula t ion- High Throughp ut  (SHEDS-
HT) m od e l: SHEDS- HT b e longs  t o t he  SHEDS se rie s  of m od e ls , whic h a re  
p rob ab ilis t ic  m od e ls  t ha t  e s t im ate  t he  p op ulat ion d is t rib ut ion of t ot a l c he m ic a l 
e xp osure  from  four p a thways : inha la t ion, skin c ont ac t , d ie t a ry inge s t ion, and  non-
d ie t a ry inge s t ion. In SHEDS- HT, t he  s im ula t e d  ind ivid ua ls  form  a  re p re se nt a t ive  
s am p le  of t he  t a rge t  p op ula t ion, and  t he  m od e l s im ula t e s  one  d ay for e ac h 
ind ivid ua l, a lt hough t he  s im ula t e d  d ay is  not  ne c e s sarily t he  d ay a  p rod uc t  is  use d  
(t his  is  not  a  re le vant  c onc e rn for a rt ic le s  s inc e  t he y a re  a lways  p re se nt ). Dose s  
a re  re p orte d  b y p a thway and  in t ot a l as  d is t rib ut ions  of d a ily e xp osure  ac ros s  t he  
p op ula t ion (i.e ., ac ut e  and  c hronic  e xp osure s  a re  not  re p ort e d  se p ara te ly). SHEDS-
HT c an hand le  m any p rod uc t s  and  c he m ic a ls  in one  run. Pre d e fine d  sc e narios  a re  
not  ava ilab le , b ut  e xam p le  inp ut  file s  e xis t  and  c an b e  m od ifie d . 

• EPA’s  Ind oor Environme 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): IECCU is  a  highe r- t ie r t ool origina lly d e s igne d  for 
c om p le x c onsum e r p rod uc t  sp ray p olyure thane  foam . IECCU e s t im ate s  gas  p hase , 
a irb orne  p art ic ula t e , and  se t t le d  d us t  c onc e nt ra t ions  in b uild ings  with m ult ip le  
zone s  (inc lud ing unc ond it ione d  a t t ic s , wall c avit ie s , and  c rawl sp ac e s) and  m ult ip le  
sourc e s  and  s inks . Ac ut e  and  c hronic  e xp osure s  for ad ult s  c an b e  e s t im ate d  from  
the  m od e le d  c onc e nt rat ions . 

• RIVM’s  ConsExp o: ConsExp o is  a  we b - b ase d  ap p lic a t ion t ha t  m od e ls  e xp osure s  t o  
c he m ic a ls  found  in a  wid e  range  of c onsume r p rod uc t s . ConsExp o p rovid e s  a  

https://www.epa.gov/tsca-screening-tools/approaches-estimate-consumer-exposure-under-tsca#consumer
https://www.epa.gov/chemical-research/stochastic-human-exposure-and-dose-simulation-sheds-estimate-human-exposure
https://www.epa.gov/chemical-research/stochastic-human-exposure-and-dose-simulation-sheds-estimate-human-exposure
https://www.epa.gov/tsca-screening-tools/approaches-estimate-consumer-exposure-under-tsca#ieccu
https://www.epa.gov/tsca-screening-tools/approaches-estimate-consumer-exposure-under-tsca#ieccu
https://www.rivm.nl/en/consexpo
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num b e r of ge ne ra lly ap p lic ab le  e xp osure  m od e ls , with d e fault s  ava ilab le  via  a  
b uilt - in d a t ab ase , or use rs  c an c re a t e  t he ir own as se s sm e nt s . Six inha la t ion 
m od e ls , five  d e rm al m od e ls , and  five  inge s t ion (c a lle d  “ora l”) m od e ls  are  ava ilab le . 
Eac h ConsExp o run is  for one  c he m ic a l, one  p rod uc t , and  one  t a rge t  p e rson. For 
m os t  inp ut s , t he  use r c an e nt e r p oint  va lue s  or d is t rib ut ions , with t he  la t t e r use d  
for p rob ab ilis t ic  as se s sm e nt s . For inha la t ion e xp osure s , ConsExp o d oe s  not  
d is t inguish b e twe e n vap or and  p art ic ula t e  p hase s  in a ir. Both ac ut e  and  c hronic  
e xp osure s  a re  outp ut  in one  run; ad ult  and  c hild re n m us t  b e  run se p ara t e ly. 

• RIVM’s  Dus tEx: Dus tEx is  an online  t ool for m od e ling d us t - me d ia t e d  e xp osure  t o 
sourc e s  in hom e s . Four p a thways  a re  c ons id e re d : inha la t ion of gas  p hase , 
inha la t ion of a irb orne  p art ic ula t e s , d e rm al ab sorp t ion from  gas  p hase , and  ora l 
inge s t ion. The  m od e l e ffe c t ive ly c ons is t s  of a  s ingle  room  c ont a ining the  sourc e , 
sorp t ion surfac e s , floor and  a irb orne  d us t , and  a  p e rson, with c le aning and  
ve nt ila t ion ra t e s  for t he  room . Both d e te rm inis t ic  and  p rob ab ilis t ic  e va lua t ions  a re  
p os s ib le , with d e fault  va lue s  ava ilab le  for s e ve ra l of t he  inp ut s . 

The  five  t ools  c an b e  d ivid e d  into Tie r 1 (s im p le  or s c re e ning- le ve l) or Tie r 2 (c omp le x) 
t ools  b ase d  on (i) t he  num b e r of inp ut s  re q uire d  and  t he  ab ilit y t o  ge ne ra t e  t hose  inp ut s  
and  (ii) t he  t yp e  of outp ut  (i.e ., d e te rm inis t ic  ve rsus  p rob ab ilis t ic ). Us ing a  Tie r 1 t ool 
re p e a te d ly while  varying inp ut s  t o  e s t ab lish range s  of outp ut  c an a lso b e  c ons id e re d  a  
Tie r 2 e xe rc is e . For t he  p urp ose s  of t his  c las s - b ase d  e xp osure  as se s sm e nt , t he  Tie r 1 
t ools  we re  c ons id e re d  t o b e  CEM, SHEDS- HT, and  ConsExp o, and  t he  Tie r 2 t ools  we re  
IECCU and  Dus tEx, re c ognizing t ha t  som e  tools  m ay have  b oth s im p le  and  c om p le x p art s . 
Tie r 2 t ools  a re  use d  if the  re sult s  from  Tie r 1 mod e ling a re  of int e re s t  (e .g., high e xp osure ). 
For e xam p le , for p re fab ric a t e d  b uild ing insula t ion b y whic h m e d ia t e d  e xp osure  is  like ly 
for c hild re n and  ad ult s  (s c e nario # 14), t he  p re d e fine d  sc e nario “Plas t ic  a rt ic le s : Foam  
Insula t ion” in CEM c an b e  use d  t o m od e l Tie r 1 e xp osure . If Tie r 2 m od e ling is  ne e d e d , 
IECCU c an b e  use d . 

3.2.1. Tool Selection  
To help select the appropriate Tier 1 tool,  Table 3 provides a brief comparison of CEM, 
SHEDS- HT, and ConsExpo with respect to the exposure pathways modeled and the 
output types . More detail is available in Appendix A . 

https://www.rivm.nl/en/consumer-exposure-to-chemical-substances/exposure-models/dustex
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Table  3. Comparison of CEM, SHEDS- HT, and ConsExpo . 
 CEM SHEDS- HT ConsExpo  

Exposure Pathways     

Inge s t ion of ind oor d us t  Ye s  Ye s  No 

Gas - p hase  a ir t rans fe r t o  d e rm al Ye s  No No 

Inha la t ion of p a rt ic le  d us t   Ye s  Ye s  No 

Inha la t ion of gas   Ye s  Ye s  Ye s  

De rm al c ontac t  Ye s  Ye s  Ye s  

Mouthing/ora l  Ye s  Ye s  Ye s  

Model Outputs     

Ac ute  e xp osure  or c hronic  e xp osure  Both No a Both 

Ad ult  or c hild  p op ula t ion Both Both Bothb 

Point  e s t im a te s  or p op ula t ion d is t rib ut ion Point  
Es t im a te s  

Pop ula t ion 
Dis t rib ut ion 

Both 

aDose s  a re  re p ort e d  as  a  d is t rib ut ion ac ross  t he  p op ula t ion, whic h inc lud e s  b oth ac ut e  and  c hronic  c ase s . 
bOne  s im ula t ion d oe s  no t  p rovid e  re sult s  for b oth ad ult s  and  c hild re n; se p ara t e  s im ula t ions  a re  re q uire d . 

To lim it  t he  num b e r of m od e ling runs  ne e d e d , CEM is  t he  sugge s te d  tool t o  use  b e c ause  it  
m od e ls  a ll s ix e xp osure  p a thways . CEM p rovid e s  a  sum m ary re p ort  of e ac h run lis t ing 
inp ut  s e t t ings  and  e xp osure  re sult s . Note  t ha t  while  CEM is  t he  p re fe rre d  c hoic e  of t he  
t hre e  shown he re , it  has  it s  lim it a t ions . In p art ic ula r, it  re q uire s  a  se p ara t e  run for e ac h 
c he m ic a l or p rod uc t / a rt ic le  of int e re s t . 

Tab le  4  shows  t he  m ap p ing of t he  18  e xp osure  s c e narios  t o  CEM’s  p re d e fine d  sc e narios . 
Within CEM, t he  t e rm  “e xp osure  m od e l” is  use d  t o d e sc rib e  an e xp osure  p a thway. Tab le  4  
a lso lis t s  t he  CEM e xp osure  m od e ls  t ha t  m ay b e  s e le c t e d  for e ac h of t he  18  e xp osure  
s c e narios . 
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Table  4. Crosswalk of Exposure Scenarios to CEM’s Predefined Scenarios  and Relevant CEM Exposure Models . 
#  Exposure Scenario Description  CEM Scenario (s)  CEM Exposure Model (s)  

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  

Ele c t ronic  ap p lianc e s  A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Ele c t ronic  ap p lianc e s  A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 

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   

Plas t ic  a rt ic le s : Othe r ob je c ts  with p ot e nt ia l 
for rout ine  c ontac t  (t oys , foam  b loc ks , t e nt s ) 

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Plas t ic  a rt ic le s : Ob je c t s  int e nd e d  to  b e  
m outhe d  (p ac ifie rs , t e e the rs , t oy food ) 

A_ ING2 

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 art ic le s : with p ot e nt ia l for rout ine  
c ontac t  (b ab y b ot t le  nip p le s , p ac ifie rs , t oys ) 

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3   

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  a rt ic le s : Foam  insula t ion A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3   

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  a rt ic le s : Othe r ob je c ts  with p ot e nt ia l 
for rout ine  c ontac t  (t oys , foam  b loc ks , t e nt s ) 
Rub b e r art ic le s : with p ot e nt ia l for rout ine  
c ontac t  (b ab y b ot t le  nip p le s , p ac ifie rs , t oys ) 

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Fab ric s : Blanke t , c om fort  ob je c t , fab ric  d oll, 
s t uffe d  anim al 
Fab ric s : Clothing 
Fab ric s : Furniture  c ove rs , c ar se a t  c ove rs , 
t ab le c loths  

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Fab ric s : Curt a ins , rugs , wa ll c ove rings  A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 
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#  Exposure Scenario Description  CEM Scenario (s)  CEM Exposure Model (s)  

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  

Fab ric s : Furniture  c ove rs , c ar se a t  c ove rs , 
t ab le c loths  

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Plas t ic  a rt ic le s : Mat t re s se s  A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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 

Plas t ic  a rt ic le s : Othe r ob je c ts  with p ot e nt ia l 
for rout ine  c ontac t  (t oys , foam  b loc ks , t e nt s ) 
Rub b e r art ic le s : with p ot e nt ia l for rout ine  
c ontac t  (b ab y b ot t le  nip p le s , p ac ifie rs , t oys ) 

A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

13 Foam  c arp e t  b ac king 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 art ic le s : Flooring, rub b e r m at s  A_ INH1, A_ ING1, A_ ING2, A_ ING3, A_ DER1, 
A_ DER2, A_ DER3 

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  

Plas t ic  a rt ic le s : Foam  insula t ion A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 

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  

Plas t ic  a rt ic le s : Foam  insula t ion A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 

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  

Ge ne ric  a rt ic le  A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 

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 

Ge ne ric  a rt ic le  De p e nd s  on d e t a ils  of sc e nario 

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  a rt ic le s : ha rd wood  floors , furniture  A_ INH1, A_ ING1, A_ ING3, A_ DER1, A_ DER3 
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3.2.2. Input Data  
The  e q uat ions  use d  in CEM to m od e l e xp osure  a re  ava ilab le  in t he  CEM Use r’s  Guid e  (U.S. 
EPA, 20 19 a). For t he  re le vant  CEM e xp osure  mod e ls  (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 . Tab le  5  lis t s  t he  inp ut s  t ha t  m us t  b e  p rovid e d  b y t he  
as se s sor (i.e ., e s t im ators  a re  not  ava ilab le  in CEM). 

Table  5. CEM Inputs Required from the User.  
Variable  Units  Source  

Chemical Inputs    

Vap or p re ssure  t orr Poss ib le  sourc e s  for m e asure d  or e s t im a te d  
va lue s : 
• Pub Che m  
• Com p Tox Che m ic a ls  Dashb oard  
• EPI Suit e  
• OPERA 

 

Mole c ula r we ight  g/m ol Se e  ab ove  

Oc tanol- wa te r p a rt it ion c oe ffic ie nt  -  Se e  ab ove  

Oc tanol- a ir p a rt it ion c oe ffic ie nt  -  Se e  ab ove  

Wate r solub ilit y m g/m L Se e  ab ove  

He nry’s  law c ons t ant  a tm - m 3/m ol Se e  ab ove  

Product Inputs    

De ns ity of p rod uc t / a rt ic le   g/ c m 3 De fault s  a re  p rovid e d , b ut  t he  as se ssor should  
up d a te  t he  va lue s  for t he  sp e c ific  a rt ic le . 

Surfac e  a re a  of a rt ic le  m 2 Se e  ab ove  

Thic kne ss  of a rt ic le  surfac e  laye r c m  Se e  ab ove  

Dura t ion of a rt ic le  c ontac t  m in/d ay Se e  ab ove  

Are a  of a rt ic le  m outhe d  c m 2 Se e  ab ove  

Che m ic a l m igra t ion ra t e  m g/c m 2/hr Se e  ab ove  

Fre q ue nc y of a rt ic le  c ontac t  e ve nt s /d ay Se e  ab ove  

3.3. Modeling Runs  
The  m od e l runs  re q uire d  a re  lis t e d  b e low, with an illus t ra t ive  e xam p le  p rovid e d  in Tab le  6 .  

1. Mod e l one  sc e nario ac ros s  a ll c he m ic a ls , as  d e sc rib e d  in Se c t ion 2, whe re in a ll 
m od e ling inp ut s  re m ain t he  s am e  ac ros s  c he mic a ls  e xc e p t  t he  p hys ic oc he m ic a l 
p rop e rt ie s . The se  re sult s  a re  use d  t o d e t e rm ine  t re nd s  or re la t ive  rankings  of 
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c he m ic a ls , and  t he  t re nd s  a re  ap p lie d  t o e xt rap ola t e  d ose s  for othe r ap p roac he s  (as  
d e sc rib e d  in Se c t ion 2) and  for othe r c he m ic a l- s c e nario c omb ina t ions . 
a . As  ind ic a t e d  in Se c t ion 2, t he  s c e nario s e le c t e d  has  t he  gre a t e s t  num b e r of 

c he m ic a ls  with known or e xt rap ola te d  use s  and  m us t  inc lud e  a ll s ix e xp osure  
p a thways  so t he  re la t ive  c ont rib ut ion of e ac h p a thway c an b e  d e t e rm ine d . It  is  
p os s ib le  t ha t  som e  c he m ic a ls  d o not  have  known or e xt rap ola t e d  use s  for t he  
s e le c te d  sc e nario—the se  c he m ic a ls  will s t ill b e  m od e le d . 

2. Mod e l one  c he m ic a l ac ros s  a ll s c e narios—the se  re sult s  a re  use d  t o d e t e rm ine  t he  
re la t ive  c ont rib ut ion of e ac h sc e nario. 
a . The  c he m ic a l s e le c t e d  is  t he  one  with t he  m os t  known or e xt rap ola t e d  use  

s c e narios . 

3 . Use  re sult s  from  the  s t e p s  ab ove  t o e xt rap olat e  e xp osure s  for re m aining c he m ic a l-
use  s c e narios . Ext rap ola t ion c ons is t s  of us ing ra t ios  t o  ad jus t  for (i) d iffe re nc e  in 
c he m ic a l p rop e rt ie s , (ii) d iffe re nc e  in s c e nario, and  (iii) d iffe re nc e  in c he m ic a l 
c onc e nt ra t ion in t he  p rod uc t . 

4 . Mod e l a  sub se t  of c he m ic a l- use  s c e narios  t o  va lid a t e  t he  e xt rap ola te d  re sult s . 

Table  6. Illustrative Example for a Subset of Polyhalogenated Organophosphates Showing 
Chemical - use Scenarios Modeled, Extrapolated, and Validated.  

Che m ic a l 
CASRN 

Ele c t ronic  
ap p lianc e s  

Plas t ic  
a rt ic le s : 
Ot he r 

ob je c t s  wit h 
p ot e nt ia l for 

rout ine  
c ont ac t  

(t oys , foam  
b loc ks , 
t e nt s ) 

Plas t ic  
a rt ic le s : 

Foam  
ins ula t ion 

Plas t ic  
a rt ic le s : 

m at t re s s e s  

Fab ric s : 
Curt a ins , 
rugs , wall 
c ove rings  

Fab ric s : 
Blanke t , 
c om fort  
ob je c t , 

fab ric  d oll, 
s t uffe d  
anim al 

115- 9 6 - 8   x   x  

126 - 72- 7  x     

136 74 - 8 4 - 5  x x x x x x 

136 74 - 8 7- 8   x  x x x 

19 18 6 - 9 7- 1       

38 0 51- 10 - 4        

76 0 25- 0 8 - 6     x   
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x = known or e xt rap ola t e d  use . 
Gre e n c e lls  = e xp osure s  m od e le d  and  re sult s  use d  to  d e t e rm ine  t re nd s  and  re la t ive  rankings  or c ont rib ut ions . 
Blue  c e lls  = e xp osure s  e xt rap ola t e d  from  m od e le d  runs . 
Ye llow c e lls  = e xp osure s  e xt rap ola t e d  from  m od e le d  runs  and  va lid a t e d  d ire c t ly b y running CEM. 

3.4. Background and Aggregate Exposures  
Bac kground  e xp osure s  from  non- c onsume r p rod uc t s  c an b e  e s t im ate d  us ing m onitoring 
d a t a . 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. Monitoring d a t a  c an b e  ob t a ine d  from  (i) t he  Mult ime d ia  
Monitoring Datab ase  (MMDB), a  d a t ab ase  c om p ile d  from  e xis t ing re p ut ab le  m onitoring 
d a t ab ase s , (ii) t he  Comp ara t ive  Toxic oge nom ic s  Dat ab ase  (CTD), and  (iii) lit e ra ture  
s c re e ning e ffort s . Bac kground  e xp osure s  a re  ad d e d  t o t he  s c e nario- b ase d  e xp osure s  t o  
e s t im ate  aggre ga t e  e xp osure . 

4. Approach 2 : Empirical M easurements  
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 . Sim ila r t o  Ap p roac h 1 
(m e c hanis t ic  m od e ls ), e xp osure  s c e narios  a re  firs t  d e ve lop e d  and  t he  e s t im ate d  
e xp osure s  a re  c om b ine d  with b ac kground  e xp osure s  t o  ob t a in an aggre ga t e  e xp osure . 
Typ ic a lly, only one  or two e q uat ions  a re  ne e d e d  t o e s t im ate  e xp osure , and  t he  p rim ary 
inp ut  is  an e xp e rim e nta lly m e asure d  va lue . The  d is t inc t ion b e twe e n Ap p roac h 1 and  
Ap p roac h 2 is  not  a lways  c le ar b e c ause  Ap p roac h 1 m ay use  e m p iric a l m e asure m e nt s  in 
it s  m od e ling. For t he  p urp ose s  of t his  guid e , t he  two ap p roac he s  a re  d iffe re nt ia t e d  as  
follows : 

Ap p roac h 1: 

• Mod e l e q uat 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  (e .g., 

d iffe re nt  t e m p e ra ture  or ind oor e nvironm e nt ) us ing re gre s s ions , 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 . 

https://doi.org/10.1038/s41597-022-01365-8
https://doi.org/10.1038/s41597-022-01365-8
https://ctdbase.org/
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The  following se c t ions  b rie fly d e sc rib e  four t yp e s  of e m p iric a l m e asure m e nt s  use d . Note  
t ha t  som e  of t he  p arame te rs  for whic h e m p iric a l m e asure m e nt s  c an b e  ob t a ine d  c an a lso 
b e  d e rive d  m e c hanis t ic a lly; an e xam p le  is  p rovid e d  in t he  firs t  s e c t ion b e low. 

4.1. Migration Rates 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): 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =  𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚×𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐×𝑡𝑡𝑚𝑚
𝐵𝐵𝐵𝐵

     (Eq . 1) 

Where:  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = (μg/kg/d ay) 
𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 = m igra t ion ra t e  of c he m ic a l t o  s a liva  (μg/10  c m 2/m in) 
𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 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) 

The  m igra t ion ra t e  c an b e  d e te rm ine d  e xp e rim e nta lly, or it  c an b e  e s t im ate d  from  a  
re gre s s ion m od e l fit  t o  t he  m e asure d  va lue s . 

In ad d it ion t o e xp e rim e nta lly m e asuring m igra t ion ra t e s , t he y c an b e  p re d ic te d  
m e c hanis t ic a lly, and  in t ha t  ins t anc e , t he  d e rive d  d ose  would  b e  c ons id e re d  an e xam p le  
of Ap p roac h 1. An e xamp le  of b oth ap p roac he s  from  Aurisano e t  a l. (20 22) is  shown 
b e low. 

• Ap p roac h 1 (re fe rre d  t o as  m e c hanis t ic  m ate ria l- s a liva  m od e l): Auris ano e t  a l. 
(20 22) ad ap t e d  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 t o p re d ic t  t he  m igra t ion from  c hild re n’s  p rod uc t s  into s a liva . The  
ad ap t e d  m od e l c ons is t s  of a  short - t e rm  d iffus ion- d om inat e d  m od e l and  a  longe r-
t e rm  two e xp one nt ia ls  s a tura t ion m od e l. The  m od e l is  ap p lic ab le  for organic  
c he m ic a ls  and  d oe s  not  re q uire  sp e c ific  e xp e rim e nta l d a t a . The  fina l s e t  of 
e q ua t ions  is  give n b y: 

𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 =  𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚×𝑚𝑚0

𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐×t
     (Eq . 2) 
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𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 = �
𝑓𝑓𝑡𝑡𝑡𝑡, 𝑖𝑖𝑖𝑖 𝑡𝑡 ≤ 𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑

𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + � 𝛼𝛼
1+𝛼𝛼

− 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡� ∙ �𝐴𝐴 ∙ �1 − 𝑒𝑒−𝐵𝐵∙𝛽𝛽∙(𝑡𝑡−𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑)� + (1 − 𝐴𝐴) ∙ �1 − 𝑒𝑒−𝐶𝐶∙𝛽𝛽∙(𝑡𝑡−𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑)�� , 𝑖𝑖𝑖𝑖 𝑡𝑡 > 𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑
  

            (Eq . 3) 

𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 =  �

𝑑𝑑𝑝𝑝2

𝐷𝐷𝑝𝑝
∙ � 0.3552

1+85.88∙𝑒𝑒−3.506∙log(𝑎𝑎)� , 𝑖𝑖𝑖𝑖 𝛼𝛼 > 0.2;

𝑑𝑑𝑝𝑝2

𝐷𝐷𝑝𝑝
∙ 0.0085 ∙ 𝑒𝑒4.458∙log(𝑎𝑎), 𝑖𝑖𝑖𝑖 𝛼𝛼 ≤ 0.2

     (Eq . 4 ) 

𝑓𝑓𝑡𝑡𝑡𝑡 =  2
𝑑𝑑𝑝𝑝
∙ �𝐷𝐷𝑝𝑝∙𝑡𝑡

𝜋𝜋
�
1/2

     (Eq . 5) 

𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  2
𝑑𝑑𝑝𝑝
∙ �𝐷𝐷𝑝𝑝∙𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑

𝜋𝜋
�
1/2

    (Eq . 6 ) 

α =  1
𝐾𝐾𝑝𝑝𝑝𝑝

∙ 𝑉𝑉𝑓𝑓
𝑉𝑉𝑝𝑝

      (Eq . 7) 

β =  1
𝑑𝑑𝑝𝑝
∙ �

𝐷𝐷𝑝𝑝
𝜋𝜋∙𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑

∙ � 𝛼𝛼
1+𝛼𝛼

− 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�    (Eq . 8 ) 

𝐴𝐴 =  0.7 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥1 = 100.12∙log(𝛼𝛼)+log (0.8) < 0.7; 1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥1 > 1; 𝑥𝑥1 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒 (Eq . 9 ) 

𝐵𝐵 =  0.3 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥2 = 100.22∙log(𝛼𝛼)+log (0.5) < 0.3; 0.9 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥2 > 0.9; 𝑥𝑥2 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒 (Eq . 10 ) 

𝐶𝐶 =  0.004 𝑓𝑓𝑓𝑓𝑟𝑟 𝑥𝑥3 = 100.7∙log(𝛼𝛼)+log (0.08) < 0.3; 1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥3 > 1; 𝑥𝑥3 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒  (Eq . 11) 

Where:  

𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 = m igra t ion ra t e  of c he m ic a l t o  s a liva  (μg/10 c m 2/m in) 
𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 = frac t ion of t he  p rod uc t  of t he  c he m ic a l origina lly in t ha t  p rod uc t  t ha t  is  

m igra t e d  t o t he  s a liva  a ft e r a  c e rt a in d ura t ion (- ) 
𝑚𝑚0 = init ia l c he m ic a l m ass  in t he  p rod uc t  (μg) 
𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = m outhing c ont ac t  a re a  (c m 2) 
𝑡𝑡 = m outhing d ura t ion (m in in 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 Eq . 2; s  in 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 in Eq . 3) 
𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 = t im e  of d e via t ion from  the  s im p le  d iffus ion m od e l (s ) 
𝑑𝑑𝑝𝑝 = t hic kne ss  of t he  p rod uc t  (c m) 
𝐷𝐷𝑝𝑝 = c he m ic a l’s  d iffus ion c oe ffic ie nt  ins id e  t he  p rod uc t  (c m 2/ s ) 
𝐾𝐾𝑝𝑝𝑝𝑝 = c he m ic a l’s  p rod uc t - food  (he re  p rod uc t - sa liva) p art it ion c oe ffic ie nt  (- ) 
𝑉𝑉𝑓𝑓 = volum e  of food  (he re  s a liva) (c m 3) 
𝑉𝑉𝑝𝑝 = volum e  of p rod uc t  (c m 3) 

• Ap p roac h 2 (re fe rre d  to as  re gre s s ion- b ase d  m od e l): Auris ano e t  a l. (20 22) 
p e rform e d  a  sys te m at ic  lit e ra ture  re vie w and  c olle c te d  d a t a  on 437 c he m ic a l 
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m igra t ion ra t e s  into s a liva  from  6 6  uniq ue  c he m ic a l- m ate ria l c om b ina t ions . The se  
d a t a  origina t e  from  6 0  c he m ic a ls , inc lud ing p olyb rom inat e d  d ip he nyl e the rs , and  
from  five  m ate ria ls , sp anning se ve n ord e rs  of m agnitud e . The  authors  p e rforme d  a  
m ult ip le  line ar re gre s s ion us ing forward  p aram e te r se le c t ion. The  fina l re gre s s ion 
m od e l is  give n b y: 

log10𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 = 3.23 + 0.73𝑙𝑙𝑙𝑙𝑙𝑙10𝐷𝐷𝑝𝑝 + 0.92𝑙𝑙𝑙𝑙𝑙𝑙10𝐶𝐶0 − 0.06𝑙𝑙𝑙𝑙𝑙𝑙10𝐾𝐾𝑜𝑜𝑜𝑜  (Eq . 12) 

Where:  

𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚= m igra t ion ra t e  of c he m ic a l t o  s a liva  (μg/10 c m 2/m in) 
𝐷𝐷𝑝𝑝 = c he m ic a l’s  d iffus ion c oe ffic ie nt  ins id e  t he  p rod uc t  (c m 2/ s ) 
𝐶𝐶0 = init ia l c he m ic a l c onc e nt ra t ion in t he  p rod uc t  (μg/g) 
𝐾𝐾𝑜𝑜𝑜𝑜 = oc t anol- wate r p art it ion c oe ffic ie nt  (- ) 

4.2. Handwipe  Data  
Handwipe data can be used to measure a chemical on skin surface directly . Using these  
data, direct dermal exposure  can be estimated as  (Tay et al., 2018): 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =  𝐶𝐶ℎ𝑤𝑤×𝑆𝑆𝑆𝑆×𝐴𝐴𝐴𝐴×𝐸𝐸𝐸𝐸×𝐸𝐸𝐸𝐸
𝐵𝐵𝐵𝐵×24

    (Eq. 13) 

Where:  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = (pg/kg/day)  
𝐶𝐶ℎ𝑤𝑤 = surface area normalized chemical mass of chemical in handwipes  (pg/cm 2) 
𝑆𝑆𝑆𝑆 = hand skin surface area exposed  per event  (cm 2/event)  
𝐴𝐴𝐴𝐴 = absorption fraction ( - ) 
𝐸𝐸𝐸𝐸 = exposure duration in one day  (t/24, where in t is  assumed to be 24 hr  or 1 day) 
𝐸𝐸𝐸𝐸 = exposure frequency (event/day , assumed to be 1) 
𝐵𝐵𝐵𝐵 = body weight (kg) 
24 = (hr/day)  

4.3. Product Emissions  
Emission of chemicals from articles can be characterized by a parameter “𝑦𝑦0” that  
measures the equilibrium chemical concentration in air in the boundary layer near the 
object. The parameter 𝑦𝑦0 depends on the type of material in the article and the content 
of the chemical of interest  and is defined as:  

𝑦𝑦0 =  𝐶𝐶0
𝐾𝐾𝑚𝑚𝑚𝑚

     (Eq. 14) 

Where : 
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𝑦𝑦0 = e q uilib rium  c he m ic a l c onc e nt ra t ion in a ir c lose  t o t he  solid  m ate ria l (μg/m 3) 
𝐶𝐶0 = c ont e nt  of t he  c he m ic a l in t he  solid  m ate ria l (μg/m 3) 
𝐾𝐾𝑚𝑚𝑚𝑚 = m ate ria l- a ir p art it ion c oe ffic ie nt  (- ) 

𝑦𝑦0 is  s im p le  t o m e asure  in lab ora tory e xp e rim e nts  on a  varie ty of a rt ic le s  without  
d e s t ruc t ive  ana lys is . Ap p roxim ate ly 10  me thod s  have  b e e n d e ve lop e d  for e xp e rime nta l 
d e t e rm ina t ion of 𝑦𝑦0. The y fa ll into two group s : d ynam ic  c ham b e r m e thod s  and  s t a t ic  
c ham b e r m e thod s . 

The  s t e ad y s t a t e  gas - p hase  c onc e nt ra t ion is  re la t e d  t o 𝑦𝑦0 b y: 

𝑦𝑦 =  𝑦𝑦0
1+ 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

ℎ_𝑦𝑦0×𝑓𝑓_𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎×𝑎𝑎_𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

     (Eq . 15) 

Where : 

𝑦𝑦 = s t e ad y s t a t e  vap or p hase  c onc e nt ra t ion in house  (μg/m 3) 
𝑦𝑦0 = vap or p hase  c onc e nt ra t ion ne ar a rt ic le  surfac e  (μg/m 3) 
𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = m od ifie d  a ir e xc hange  ra t e  with outd oors  (m 3/hr) 
ℎ_𝑦𝑦0 = gas - p hase  m ass  t rans fe r c oe ffic ie nt  (m /hr) 
𝑓𝑓_𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = ra t io of a rt ic le  surfac e  a re a  t o floor a re a  (- ) 
𝑎𝑎_𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = floor a re a  of t he  house  (m 2) 

Inha la t ion e xp osure  d ue  t o t he  gas  p hase  c an b e  e s t im ate d  as : 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ =  (𝐶𝐶𝑔𝑔×10−3)×𝐼𝐼𝐼𝐼ℎ×𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜×𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ

𝐵𝐵𝐵𝐵
    (Eq . 16 ) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (mg/kg/d ay) 
𝐶𝐶𝑔𝑔 = 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) 
𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_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) 

Note  t ha t  t o  ac c ount  for p art ic le - b ound  c onc e nt ra t ions , ad d it iona l e q ua t ions  a re  ne e d e d  
(se e  Se c t ion 5 .1). 

The  𝑦𝑦0 ap p roac h d e sc rib e d  ab ove  as sum e s  t he  OFR e m is s ions  from  ind oor sourc e s  d o 
not  c hange  ove r t im e . 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 
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m od e ls  ava ilab le  for p re d ic t ing se m i- vola t ile  organic  c om p 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  mate ria l (𝐶𝐶0 in μg/m3), the material/air partition coefficient (𝐾𝐾𝑚𝑚𝑚𝑚, 
d im e ns ionle s s ), and  t he  solid - p hase  d iffus ion c oe ffic ie nt  (𝐷𝐷𝑚𝑚 in m 2/h). 

4.4.  Personal Air Monitoring  
Pe rsonal inha la t ion e xp osure  c an b e  e s t im ate d  us ing p e rsona l a ir m onitoring d e vic e s . 
The se  a re  sm all b ad ge - like  ins t rum e nt s  t ha t  a t t ac h t o one ’s  lap e l, and  t he y m e asure  t he  
a ir c onc e nt ra t ion in t he  p e rsonal b ub b le  ne ar the  nose  and  m outh. Be c ause  t he se  a re  c o-
loc a t e d  with t he  e xp ose d  p e rson, t he re  is  no ne e d  t o c harac te rize  sourc e s  or t he  
t im e / loc a t ion d a t a  for t he  p e rson. This  is  b oth an ad vant age  and  a  d is ad vant age ; t he se  
d e vic e s  a re  e asy t o use , b ut  whe n an e xp osure  oc c urs , t he  sourc e  of the  c he m ic a l is  not  
a lways  ap p are nt . The  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; for only ind oor e xp osure s , t he  d at a  would  ne e d  t o c om e  from  s tud ie s  in 
whic h t he  p art ic ip ant s  we re  only ind oors . 

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

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ =  (𝐶𝐶×10−3)×𝐼𝐼𝐼𝐼ℎ×𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ
𝐵𝐵𝐵𝐵

    (Eq . 17) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (mg/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) 
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_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) 

5. Approach 3: Indoor Dust M onitoring Data  
Ap p roac h 3 e s t im ate s  e xp osure  t o OFRs  b ase d  on c he m ic a l m e asure m e nt s  of s e t t le d  
d us t  and  re le vant  c he m ic a l p rop e rt ie s . The  e s t im ate d  e xp osure  re p re se nt s  t he  aggre ga te  
e xp osure  t o a ll c onsume r p rod uc t s  in an ind oor e nvironm e nt . The re  a re  t hre e  p hase s  t o 
c ons id e r for t he  c he m ic a l—se t t le d  d us t , a irb orne  d us t  (p art ic ula t e s ), and  gas—and  thre e  
e xp osure  p a thways  a re  e va lua t e d : (i) inha la t ion (gas  + p art ic ula t e s ), (ii) inge s t ion (se t t le d  
d us t ), and  (iii) d e rm al d e p os it ion from  gas  p hase . The  as soc ia t e d  e q uat ions  a re  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  t hre e  e xp osure  p a thways . Se e  sourc e  p ub lic a t ions  for e q ua t ion 
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d e riva t ions . A fourth p athway—d e rm al int ake  t hrough d us t  ad he re nc e —is  not  inc lud e d , 
with b oth Mit ro e t  a l. (20 16) and  Pe lle t ie r e t  a l. (20 17) 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 . 

5.1. Equations  
The  goa l is  t o  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 te s  
from  m e asure me nt s  of 𝑋𝑋𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, t he  c he m ic a l c onc e nt ra t ion in t he  s e t t le d  house  d us t . This  
m ay b e  ac hie ve d  e it he r b y as sum ing c he m ic a l e q uilib rium  or b y solving for s t e ad y- s t a t e  
d ynam ic  b a lanc e . Onc e  a ll t he  c onc e nt ra t ions  a re  known, t he  t hre e  e xp osure  p a thways  
m ay b e  e va lua t e d . 

5.1.1. Settled Dust to Gas  
From  We sc hle r and  Nazaroff (20 10 ), gas - p hase  c he m ic a l c onc e nt ra t ion c an b e  c a lc ula t e d  
as : 

𝐶𝐶𝑔𝑔 =  (𝜌𝜌𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑×1012)×𝑋𝑋𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑓𝑓𝑜𝑜𝑜𝑜_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑×𝐾𝐾𝑜𝑜𝑜𝑜

     (Eq . 18) 

Where:  

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

The  ab ove  e q uat ion re p re se nt s  t he  d e fault  m e thod  of e s t im at ing gas - p hase  
c onc e nt ra t ion from  se t t le d  d us t  (us ing c he m ic a l e q uilib rium ), with s tud ie s  in t he  
lit e ra ture  b uild ing on t his  work t o c ons id e r ad d it iona l fac tors . For e xam p le , Li e t  a l. (20 22) 
c ons id e re d  t he  ra t e  a t  whic h a  c he m ic a l c an m ove  from  gas  p hase  t o a irb orne  p art ic le s  
and  b a lanc e d  t ha t  aga ins t  t he  ra t e  of los s  of a irb orne  p art ic le s  b y a ir e xc hange  or 
d e p os it ion. The ir as sum p t ion is  t ha t  t he  re p lac e m e nt  p art ic le s  a re  fre e  of t he  c he m ic a l, 
and  he nc e , t he  a irb orne  p art ic le s  ne ve r ac hie ve  full c he m ic a l e q uilib rium  with t he  gas  
p hase  (t his  m at t e rs  p rim arily a t  high 𝐾𝐾𝑜𝑜𝑜𝑜 va lue s ).  

Use  of t he se  a lt e rna t ive  ap p roac he s  and /or d iffe re nt  inp ut  va lue s  for 𝑓𝑓𝑜𝑜𝑜𝑜_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, 𝜌𝜌𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, and  
𝐾𝐾𝑜𝑜𝑜𝑜 would  p rovid e  a  range  of e s t im ate s  and  c ould  b e  use d  t o e s t im ate  variab ilit y. 
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5.1.2. Gas to Air (Gas + Particulates)  
From  We sc hle r and  Nazaroff (20 10 ), p art ic ula t e - p hase  c he m ic a l c onc e nt ra t ion c an b e  
c a lc ula t e d  as : 

𝐶𝐶𝑝𝑝 =  𝐶𝐶𝑔𝑔×𝑇𝑇𝑇𝑇𝑇𝑇×𝑓𝑓𝑜𝑜𝑜𝑜_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝×𝐾𝐾𝑜𝑜𝑜𝑜
(𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝×1012)

    (Eq . 19 ) 

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) 
𝐶𝐶𝑔𝑔 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 
𝑇𝑇𝑇𝑇𝑇𝑇 = t ot a l susp e nd e d  p art ic ula t e s  (μg/m 3) 
𝑓𝑓𝑜𝑜𝑜𝑜_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = organic  m at t e r frac t ion in a irb orne  p art ic le s  (- ) 
𝐾𝐾𝑜𝑜𝑜𝑜 = oc t anol- a ir p art it ion c oe ffic ie nt  (- ) 
𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 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 : 

𝐶𝐶𝑎𝑎 =  𝐶𝐶𝑔𝑔 + 𝐶𝐶𝑝𝑝      (Eq . 20 ) 

Where:  

𝐶𝐶𝑎𝑎 = 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) 
𝐶𝐶𝑔𝑔 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 

5.1.3. Inhalation of Air (Gas + Particulates)  
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 =  (𝐶𝐶𝑎𝑎×10−3)×𝐼𝐼𝐼𝐼ℎ×𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜×𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ
𝐵𝐵𝐵𝐵

   (Eq . 21) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖ℎ = inha la t ion ab sorb e d  d ose  (mg/kg/d ay) 
𝐶𝐶𝑎𝑎 = 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) 
𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ = ab sorp t ion frac t ion for inha la t ion (- ) 
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𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 
10 −3 = (m g/μg) 

Int ake  d ose s  c an b e  c a lc ula t e d  b y e xc lud ing t he  𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ t e rm . 

5.1.4. Ingestion of Settled Dust  
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  inge s t ion 
ab sorb e d  d ose  is  give n b y: 

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑋𝑋𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑×𝐼𝐼𝐼𝐼𝐼𝐼×𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜×𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖

𝐵𝐵𝐵𝐵
   (Eq . 22) 

Where:  

𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 = inge s t ion ab sorb e d  d ose  (mg/kg/d ay) 
𝑋𝑋𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 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) 
𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = frac t ion of t im e  sp e nt  a t  hom e  (- ) 
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖 = ab sorp t ion frac t ion for inge s t ion (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

Int ake  d ose s  c an b e  c a lc ula t e d  b y e xc lud ing t he  𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖 t e rm . 

Inge s t ion of se t t le d  d us t  c an oc c ur via  two ways : m outhing of d us t  ob je c t s , suc h as  p lush 
t oys , or 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 . 
The  𝐼𝐼𝐼𝐼𝐼𝐼 variab le  in t he  e q uat ion ab ove  is  t he  sum  of t he  two. An ad d it iona l variab le  
𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑡𝑡 m ay b e  ad d e d  t o d is t inguish t he  frac t ion of the  inge s t ion am ount  c om ing from  
the  hand s . This  is  re le vant  t o  p re ve nt  d oub le  c ount ing if a  d e rm al ab sorp t ion p a thway for 
d us t  is  inc lud e d  in t he  m od e l. Thus , t he  d us t  m ass  inge s t e d  from  the  hand s  is : 

 𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  𝐼𝐼𝐼𝐼𝐼𝐼 × 𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖_ℎ𝑡𝑡𝑡𝑡    (Eq . 23) 

Where:  

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 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_ℎ𝑡𝑡𝑡𝑡 = frac t ion of inge s te d  d us t  d ue  t o hand - to- mouth t rans fe r (- ) 

5.1.5. 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 r a l. (20 17), a lt hough t he y 
m e nt ione d  it . The  re ason for e xc lus ion was  p rim arily t he  d iffic ult y of q uant ific a t ion and  it s  
la rge  int e rp e rsona l variab ilit y. This  is  a  two- s t e p  p roc e s s  in whic h t he  p e rson firs t  
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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 . Esp e c ia lly for 
c hild re n p laying on t he  floor, t he  re s t  of t he ir skin surfac e  m ay p ic k up  sub s t ant ia l d us t . 

Unlike  d e rm al d e p os it ion and  ab sorp t ion from the  gas  p hase  (s e e  Se c t ion 5 .1.6 ), t his  
p roc e ss  is  ra the r s low b e c ause  e ve n aft e r t he  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 . It  ne e d s  t o d is solve  into t he  film  on t he  skin 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 , whic h m e ans  it  is  t he n 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  (se ve ra l c ont ac t s  p e r 
hour), it  m ay b e  as sume d  tha t  t he  hand - to- mouth re m oval oc c urs  b e fore  any d e rm al 
ab sorp t ion.   

The re  a re  s e ve ra l ways  t o e s t im ate  t he  am ount  of d us t  ad he ring t o t he  skin. Thre e  a re :   

1. Dus t - skin ad he re nc e , in whic h a  give n d us t  mass  ad he re s  t o  e ac h unit  a re a  of skin p e r 
unit  t im e  int e rva l (oft e n one  d ay). If t his  is  use d , t he n it  ap p lie s  t o  jus t  t he  hand s , or, if 
t he  b od y is  inc lud e d , t he n a  sm alle r ad he re nc e  va lue  should  b e  use d  for t he  non-
hand s  skin b e c ause  it  is  oft e n c lothe d  and  has  le s s  c ont ac t  with house  surfac e s .  

2. Trans fe r c oe ffic ie nt s , in whic h t he  m ass  t rans fe rre d  d e p e nd s  on t he  m ass  on t he  floor 
(or othe r c ont ac t e d  surfac e ) and  t he  c ont ac t  t im e . Thus , d us t ie r floors  p rod uc e  m ore  
d us t  on t he  skin, unlike  t he  ad he re nc e  ap p roac h.  

3 . Trans fe r e ffic ie nc y, whic h re q uire s  e s t im at ion of t hre e  fac tors : skin a re a  c ont ac t ing 
surfac e s  p e r unit  t im e , t he  am ount  of d us t  ava ilab le  on t he  c ont ac t e d  surfac e , and  t he  
e ffic ie nc y of t rans fe rring t he  d us t  from  the  la t t e r t o  t he  forme r. 

The  ad he re nc e  me thod  re q uire s  t he  le as t  am ount  of m od e l inp ut s , so it  m ay b e  p re fe rre d  
in t he  ab se nc e  of s it e - sp e c ific  (and  p e rson- sp e c ific ) d a t a . The  t ransfe r e ffic ie nc y 
m e thod  is  t he  m os t  d a ta  int e ns ive  and  is  use d  (for e xam p le ) in t he  SHEDS_ Mult ime d ia  
m od e l, whic h is  a  high- t ie r m od e l; t rans fe r e ffic ie nc y is  not  suit ab le  for a  s c re e ning m od e l. 

 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  𝐴𝐴𝐴𝐴ℎ × 𝑆𝑆𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜   (Eq . 24) 

Where :  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  = m ass  of d us t  ad he ring t o hand s  (mg/d ay) 
𝐴𝐴𝐴𝐴ℎ = d us t - skin ad he re nc e  fac tor (mg/c m 2/d ay) 
𝑆𝑆𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = surfac e  a re a  of hand s  (c m 2) 
𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜  = frac t ion of t im e  a t  hom e  

Onc e  t he  am ount  of d us t  p ic ke d  up  on t he  hand s  has  b e e n d e t e rm ine d , t he  am ount  
inge s t e d  from  the  hand s  should  b e  sub t rac te d . The  re m aind e r is  sub je c t  t o  d e rm al 
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ab sorp t ion. The  s im p le s t  m e thod  of e s t im at ing d e rm al ab sorp t ion use s  an ab sorp t ion 
frac t ion. Note  t ha t  t his  frac t ion is  like ly sm alle r for a  c he m ic a l b ound  to d us t  t han for a  
c he m ic a l in vap or or liq uid  form . 

 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎 =  𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  (Eq . 25 ) 

  𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎×𝐶𝐶𝑑𝑑×𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝐵𝐵𝐵𝐵
   (Eq . 26 ) 

Where : 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎 = m ass  of d us t  ad he ring t o hand s  ava ilab le  for d e rm al ab sorp t ion 
(m g/d ay) 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = m ass  of d us t  ad he ring t o hand s  (mg/d ay) 
𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 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) 
 
𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = d e rm al ab sorb e d  d ose  from  d us t  (m g/kg/d ay) 
𝐶𝐶𝑑𝑑 = c he m ic a l c onc e nt ra t ion in s e t t le d  d us t  (mg/g) 
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = ab sorp t ion frac t ion for d e rm al (- ) 
𝐵𝐵𝐵𝐵 = b od y we ight  (kg) 

5.1.6. Dermal Deposition from Gas Phase  
Based on the equations from Mitro et al. (2016) and Pelletier et al. (2017), the dermal 
absorbed dose from gas - phase deposition is given by:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑 =  (𝐶𝐶𝑔𝑔×10−3)×(𝑘𝑘𝑝𝑝−𝑔𝑔×10−2×24)×𝐵𝐵𝐵𝐵𝐵𝐵×𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜

𝐵𝐵𝐵𝐵
  (Eq. 27) 

Where:  

𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑 = dermally absorbed dose (mg/kg/day)  
𝐶𝐶𝑔𝑔 = gas - p hase  c he m ic a l c onc e nt ra t ion (μg/m 3) 
𝑘𝑘𝑝𝑝−𝑔𝑔 = ind oor a ir t ransd e rmal p e rm e ab ilit y c oe ffic ie nt  (c m /h) 
𝐵𝐵𝐵𝐵𝐵𝐵 = hum an b od y surfac e  a re a  (m 2) 
𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = 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): 
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𝑘𝑘𝑝𝑝_𝑐𝑐𝑐𝑐 =  10^(0.7 × log𝐾𝐾𝑜𝑜𝑜𝑜 − 0.0722 × 𝑀𝑀𝑀𝑀
2
3 − 5.252) × 3600 (Eq . 28) 

𝐵𝐵 =  𝑘𝑘𝑝𝑝_𝑐𝑐𝑐𝑐×𝑀𝑀𝑀𝑀0.5

2.6
     (Eq . 29 ) 

𝑘𝑘𝑝𝑝_𝑤𝑤 =  𝑘𝑘𝑝𝑝_𝑐𝑐𝑐𝑐

1+𝐵𝐵
      (Eq . 30 ) 

𝑘𝑘𝑝𝑝_𝑏𝑏 =  𝑘𝑘𝑝𝑝_𝑤𝑤

𝐾𝐾𝑎𝑎𝑎𝑎
      (Eq . 31) 

𝑘𝑘𝑝𝑝_𝑔𝑔 =  1
1
𝑉𝑉𝑑𝑑
+ 1
𝑘𝑘𝑝𝑝_𝑏𝑏

      (Eq . 32) 

Where:  

𝑘𝑘𝑝𝑝_𝑐𝑐𝑐𝑐 = 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) 
𝐾𝐾𝑜𝑜𝑜𝑜 = oc t anol- wate r p art it ion c oe ffic ie nt  (- ) 
𝑀𝑀𝑀𝑀 = m ole c ular we ight  of c he m ic a l (g/m ol) 
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_𝑏𝑏 = gas  p hase  p e rm e ab ilit y c oe ffic ie nt  t hrough skin surfac e  (c m /h) 
𝐾𝐾𝑎𝑎𝑎𝑎 = a ir- wat e r p art it ion c oe ffic ie nt  (- ) 
𝑘𝑘𝑝𝑝_𝑔𝑔 = 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 𝐾𝐾𝑎𝑎𝑎𝑎 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 : 

𝐾𝐾𝑎𝑎𝑎𝑎 =  𝐾𝐾𝑜𝑜𝑜𝑜
𝐾𝐾𝑜𝑜𝑜𝑜

= 𝐻𝐻
𝑅𝑅×𝑇𝑇

     (Eq . 33) 

Where:  

𝐾𝐾𝑎𝑎𝑎𝑎 = a ir- wat e r p art it ion c oe ffic ie nt  (- ) 
𝐾𝐾𝑜𝑜𝑜𝑜 = oc t anol- wate r p art it ion c oe ffic ie nt  (- ) 
𝐾𝐾𝑜𝑜𝑜𝑜 = 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) 

5.2. Input Data  
Table 7 lists the inputs that must be provided by the assessor . For some inputs for which  
specific values have been suggested in the literature, these values are provided  below . 
For the rema ining inp ut s, Table 7 provides possible sources  to consult . 
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Table  7. Inputs Required from the User. 
Symbol  Units  Variable  Value  Reference  

Chemical  Inputs      

𝑋𝑋𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 -  Che m ic a l m ass  frac t ion in 
se t t le d  d us t  

va riab le  Dus t  m onitoring s tud ie s  

𝑀𝑀𝑀𝑀 g/m ol Mole c ula r we ight  of c he m ic al va riab le  Me asure d  or Es t im a te d  [A] 

𝐾𝐾𝑜𝑜𝑜𝑜 -  Oc tanol- wa te r p a rt it ion 
c oe ffic ie nt  

va riab le  Me asure d  or Es t im a te d  [A] 

𝐾𝐾𝑎𝑎𝑎𝑎 -  Air- wa te r p a rt it ion c oe ffic ie nt  va riab le  Me asure d  or Es t im a te d  [A] 

𝐾𝐾𝑜𝑜𝑜𝑜 -  Oc tanol- a ir p a rt it ion c oe ffic ie nt  va riab le  Me asure d  or Es t im a te d  [A] 

𝐻𝐻 Pa  m 3/m ol He nry’s  law c ons t ant  va riab le  Me asure d  or Es t im a te d  [A] 

Dust  Inputs      

𝑇𝑇𝑇𝑇𝑇𝑇 μg/m 3 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 ) 

𝑓𝑓𝑜𝑜𝑜𝑜_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 -  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 ) 

𝜌𝜌𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 g/c m 3 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 ) 

𝑓𝑓𝑜𝑜𝑜𝑜_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 -  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 ) 

𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 g/c m 3 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      

𝐵𝐵𝐵𝐵 kg Bod y we ight  Varie s  
b y age  

Exp osure  Fac tors  Hand b ook 

𝐼𝐼𝐼𝐼ℎ m 3/d ay Inha la t ion ra t e  Varie s  
b y age  

Exp osure  Fac tors  Hand b ook 

𝐼𝐼𝐼𝐼𝐼𝐼 m g/d ay Da ily d us t  inge s t ion Varie s  
b y age  

Exp osure  Fac tors  Hand b ook 

𝐵𝐵𝐵𝐵𝐵𝐵 m 2 Hum an b od y surfac e  a re a  Varie s  
b y age  

Exp osure  Fac tors  Hand b ook 

𝑓𝑓ℎ𝑜𝑜𝑜𝑜𝑜𝑜 -  Frac t ion of t im e  sp e nt  a t  hom e  Varie s  
b y age  

Exp osure  Fac tors  Hand b ook 

𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖ℎ -  Ab sorp t ion frac t ion for 
inha la t ion 

Varie s  
b y 
c he m ic a l 

Che m ic a l- sp e c ific ; ne e d  to  look 
up  in lit e ra ture  

𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎_𝑖𝑖𝑖𝑖𝑖𝑖 -  Ab sorp t ion frac t ion for 
inge s t ion 

Varie s  
b y 
c he m ic a l 

Che m ic a l- sp e c ific ; ne e d  to  look 
up  in lit e ra ture  

𝑉𝑉𝑑𝑑 c m /h Air- to- skin d e p os it ion ve loc ity 720  
c m /h 

Tam as  e t  a l. (20 0 6 ) 
Pand rangi and  Morrison (20 0 8 ) 
We sc hle r and  Nazaroff (20 0 8 ) 
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Symbol  Units  Variable  Value  Reference  

6 6 0  
c m /h  
 
30 0  
c m /h 
 
8 0 0 –
1,0 0 0  
c m /h 

Rim  e t  a l. (20 18 ) 

[A]Pub Che m , 
Com p Tox 
Che m ic a ls  
Dashb oard , EPI 
Suit e , OPERA. 
Only t wo of 𝐾𝐾𝑜𝑜𝑜𝑜 , 
𝐾𝐾𝑎𝑎𝑎𝑎 , 𝐾𝐾𝑜𝑜𝑜𝑜  a re  
ne e d e d  

    

5.3. Implementation  
The above equations are coded into an R function, with a wrapper  that calls the R 
function with a list of input settings, thus allowing  for batch runs.  

The DustEx model also estimates exposure from chemical s found in house dust ; however, 
there are several differences between the (more complex) DustEx model and the 
calculations described above. First, DustEx is a mechanistic model that starts with 
product s, their propertie s, and their usage frequency. DustEx c onsiders product usage to 
release a bolus of chem ical , which is assumed to become bound  to settled dust . DustEx 
then models the dynamic transfer of this chem ical to vapor and airborne particles and 
the resultant exposure.  

By contrast, the above equations s tart with the chemical already in the settled dust 
without considering its origins. Next, the above equations assume st eady state rather 
than time - varying chemical concentrations. This assumption is applicable to articles , 
such as furniture or carpets , tha t have a continual presence in the home and are 
continually emitting chemical s into the dust. Apart from a short transient period , the 
chemical levels in the house dust should be fairly constant over time.  

6. 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 



Clas s - b ase d  Exp osure  Asse s sme nt  Guid e  for OFRs  

 
32 

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 ,2 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  (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  me 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 ria t e ly p aram e te rizing t he  e q uat ions . Re le vant  b iom onitoring d a t a  m ay b e  
ava ilab le  from  p ub lishe d  s t ud ie s  (inc lud ing e xp osure  s t ud ie s  and  s t ud ie s  of t he  e ffe c t s  of 
OFRs, whe re in b iom onitoring d a t a  we re  use d  as  t he  d ose  m e t ric ) or from  na t iona l 
b iom onitoring d a t ab ase s  suc h as  t he  Nat iona l He alt h and  Nut rit ion Exam inat ion Stud y 
(NHANES). Stud ie s  t ha t  m e asure d  or m od e le d  OFR e xp osure s  us ing anothe r m e thod  in 
ad d it ion t o b iom onitoring (e .g., b y m e asuring d us t  c onc e nt ra t ions ) a re  p art ic ula rly use ful 
for c orrob ora t ing t he  re sult s  and  for c ons id e ring sourc e s  of e xp osure  and /or ind ic a t ing 
t he  p re se nc e  of som e  p re vious ly unknown e xp osure  sourc e .  

A re c e nt  re p ort , Guidance Document for Use of Human Biomonitoring Data for Exposure 
Assessment , was  p re p are d  und e r Task Ord e r No. 6 1320 6 20 F10 13 of Cont rac t  No. CPSC-
D- 17- 0 0 0 1 (UC, 20 21). Be c ause  t ha t  guid anc e  p rovid e d  e xt e ns ive  s te 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 the  ana lys is , t his  guid anc e  ad d re s se s  t he  
ove ra ll p roc e s s  only a t  a  high le ve l 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 . 

6.1. Evaluation of the Biomonitoring Study and Choice of 
Biomarker  

The UC (2021) guidance includes an extensive discussion on biomonitoring study design, 
with an emphasis on study quality and appropr iateness for the assessment of interest. In 
the context of a class - based assessment, the choice of biomarker is a key consideration, 
since chemically  related OFRs may be metabolized to the same excreted metabolite. In 
that case, the level of the metabolite  would reflect the cumulative exposure across 
multiple chemicals (see Aylward et al., 2018 for an example of a class of pesticides). 
Although such a cumulative metric could be useful for a class - based assessment, it could 
complicate the calculation of dose  if different parent compounds have different values of 
the urinary excretion fraction , termed  Fue (see Section 6.2). In that case, the preferred 
approach may be to choose a different biomarker that is unique to each chemical in the 
class, if appropriate biomonitoring data are available. Another alternative would be to use 
the Fue for a data - rich index chemical and consider exposures of the other related 
chemicals relative to this index chemical. Finally, bounding estimates of the Fue could be 
used, with or without estimates (e.g., from dust monitoring) of relative exposures of the 

 
2 Note that measurements of saliva in this context would need to be appropriately separated from any mouthing incidents, 

so the saliva reflects internal dose rather than recent exposure via mouthing.  
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p ot e nt ia l p are nt  c he m ic a ls , t o  e s t im ate  t he  p oss ib le  range s  of e xp osure s  t o  t he  
re sp e c t ive  c he m ic a ls . Com p aring t he  re sult s  of d iffe re nt  ap p roac he s  will a lso a id  in 
und e rs t and ing t he  p ote nt ia l e xp osure  range  and  as soc ia t e d  unc e rt a int ie s . 

6.2. Key Conversion Equations  
UC (20 21) p rovid e d  t he  e q uat ions  for c ond uc t ing re ve rse  d os ime t ry c a lc ula t ions  b ase d  
on b iom arke r m e 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  a re  
re p e a te d  he re  for c onte 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 34  p rovid e s  t he  c onve rs ion ap p roac h for b iom arke rs  in urine , and  
e q uat ion 35  p rovid e s  the  c a lc ula t ion for b iomarke rs  in b lood  or s e rum .  

𝐷𝐷𝐷𝐷 = 𝐶𝐶∗𝑉𝑉 
𝐵𝐵𝐵𝐵∗𝐹𝐹𝑢𝑢𝑢𝑢

      (Eq . 34)  

Where:  

𝐷𝐷𝐷𝐷 = 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) 
𝑉𝑉 = 24 - hour urinary flow ra t e  (L/d ay) 
𝐵𝐵𝐵𝐵 = body weight (kg)  
𝐹𝐹𝐹𝐹𝐹𝐹 = fractional urinary excretion (mg biomarker excreted/mg parent compound 
intake) (If the Fue is based on molar percent, such as percent of a radioactive 
label, the DI needs to be further adjusted based on the ratio of the molecular 
weight of the parent to the molecular weight of the biomarker.)  

 

𝐷𝐷 = 𝐶𝐶 ∗ 𝐶𝐶𝐶𝐶      (Eq. 35) 

Where:   
𝐷𝐷 = dose (mg/kg - day)  
𝐶𝐶 = concentration in blood, serum, plasma, etc. (mg/L)  
𝐶𝐶𝐿𝐿 = clearance (L/kg - day)  

The National Toxicology Program’s (NTP’s) Integrated Chemical Environment (ICE) 
physiologically based pharmacokinetic tool (PBPK), available at 
https://ice.ntp.niehs.nih.gov/Tools?tool=pbpk , serves as an interface for the R package 
httk (high throughput toxicokinetics) and can also be used for reverse dosimetry. This is 
done by calculating the relationship between dose and blood level for several doses and 
then i nterpolating the results in the linear range to the blood level of interest. This model 
uses a combination of toxicokinetic parameters determined in vitro  and parameters 
estimated using Quantitative Structure Activity Relationship (QSAR) modeling . 

https://ice.ntp.niehs.nih.gov/Tools?tool=pbpk
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6.3. Identifi cation of Chemical - specific Toxicokinetic 
Parameters  

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  Fue  (se e  e q uat ion 34 ), and  t he  ke y 
p aram e te r for b lood  or s e rum  b iom arke rs  is  t he  c le aranc e  (se e  e q uat ion 35; a lt e rna t ive ly, 
one  c an use  t he  volume  of d is t rib ut ion and  firs t - ord e r e lim ina t ion ra t e ). Pot e nt ia l sourc e s  
of t oxic okine t ic  d a t a  (in ord e r of p re fe re nc e ) a re  hum an d a t a , anim al d a t a / in vit ro d a t a , 
and  in s ilic o or m od e lle d  d a t a . UC (20 21) d e sc rib e d  anim al d a t a  as  b e ing p re fe rre d  ove r in 
vit ro d a t a  b ut  a lso not e d  se ve ra l c ave a t s  re gard ing anim al d a t a , inc lud ing t ha t  som e  
asp e c t s  of me tab olism  m ay not  s c a le  with s ize , t ha t  q ua lit a t ive  int e rsp e c ie s  d iffe re nc e s  
in m e tab olism  are  not  ac c ounte d  for, and  t ha t  m ole c ular we ight  c utoffs  for glome rular 
filt ra t ion d iffe r b e twe e n rod e nt s  and  hum ans . Base d  on an e va lua t ion of 50  
p harm ac e ut ic a ls , Hose a  e t  a l. (20 0 9) c onc lud e d  t ha t , for c he m ic a ls  p rim arily c le are d  via  
P450  m e tab olism , t he  suc c e s s  in p re d ic t ing hum an p harm ac okine t ic  p aram e te rs  b y 
sc a ling from  the  int rins ic  c le aranc e  (CLint) of hum an live r m ic rosom e s  was  c om p arab le  t o  
or s light ly b e t te r t han t he  suc c e s s  of s c a ling from  in vivo d a t a  from  a  s ingle  e xp e rim e nta l 
anim al sp e c ie s . This  sugge s t s  t ha t  t he  e xt rap ola t ion ap p roac h is  b e s t  d e t e rm ine d  b ase d  
on t he  na ture  of m e tab olism , as  we ll as  t he  t yp e  of d a t a  ava ilab le . For a  c las s - b ase d  
as se s sm e nt , m ult ip le  t yp e s  of d a t a  m ay b e  e va lua t e d  and  use d  t o fill d a t a  gap s  and  
im p rove  e xt rap ola t ions .  

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 a t a , 
b ase d  on p hys ic oc he mic a l p aram e te rs  suc h as  m ole c ular we ight  or KOW. For e xam p le , 
p re lim inary work for t he  CPSC has  found  t ha t  t he  rod e nt  Fue  is  ne ga t ive ly c orre la t e d  with 
t he  m ole c ular we ight  for p htha la t e s  and  for c hlorina t e d  p olyha loge nat e d  
organop hosp hat e s  (PHOPs). Anothe r p os s ib ilit y is  t o  c om b ine  m ult ip le  d a t a  sourc e s . For 
e xam p le , p re d ic t ions  b ase d  on a  ra t  Fue  c ould  b e  c om b ine d  with in vit ro d a t a  c om p aring 
m e tab olism  in ra t  and  hum an live r m ic rosom e  sys t e m s  t o re fine  t he  p re d ic t ion from  the  
in vivo d a t a . Anothe r ap p roac h was  use d  b y Ge ye r e t  a l. (20 0 4), who e va lua t e d  a  d ive rse  
group  of b rom ina t e d  flam e  re t a rd ant s  and  found  t ha t , for c he m ic a ls  for whic h t he  ha lf- life  
in fa t  in ra t s  was  >10  d ays , t he re  was  a  line ar re la t ionship  t o t he  p re d ic t e d  ha lf- life  in 
hum ans  (r2 = 0 .9 7). Com p aring t he  re sult s  from  m ult ip le  ap p roac he s  and /or m ult ip le  d a t a  
s e t s  c an p rovid e  ins ight s  into t he  unc e rt a inty of t he  e xt rap ola t ion. 

Anothe r p ote nt ia l ap p roac h use s  in s ilic o p re d ic t ions  of p aram e te rs . Com p arison of 
c le aranc e  p re d ic t e d  b y t he  ICE PBPK tool for d iffe re nt  m e m b e rs  of a  c las s  c an p rovid e  
ins ight  into t re nd s  or p ot e nt ia l sub group s  within a  c las s  (e .g., rap id  vs . s low e lim ina t ion). 
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Suc h ana lyse s  c an a lso inform  a  d e t e rm ina t ion of whe the r b lood  or urine  a re  m ore  
ap p rop ria t e  for b iom arke r e va lua t ion. In ad d it ion, suc h ana lyse s  p rovid e  ins ight s  into t he  
unc e rt a int ie s  if only urine  d a t a  a re  ava ilab le , b ut  c le aranc e  is  longe r than id e a l for urine  
b iom arke rs . Dawson e t  a l. (20 21) d e ve lop e d  op e n sourc e  QSAR m od e ls  for p re d ic t ion of 
t oxic okine t ic  p aram e te rs  t ha t  c ould  b e  use d  in ht t k or othe r ge ne ric  p harm ac okine t ic  
m od e ls . The y not e d  t hat  a lt hough t he ir m od e ls  a re  “c urre nt ly unsuit ab le  for s e t t ing 
re gula tory lim it s , t he y are  we ll- suit e d  t o he lp  inform  re gula tory p roc e s se s .” 

Re gard le s s  of t he  ap p roac h use d , it  is  e s se nt ia l t o  m atc h t he  t oxic okine t ic  p aram e te r t o  
t he  t yp e  of b iom arke r d a t a  ava ilab le . For e xam p le , a  Fue  for t ot a l urinary e xc re t ion would  
ne e d  t o b e  ap p lie d  t o m e asure m e nt s  of a ll e xc re t ion (inc lud ing t he  p are nt  c he m ic a l), 
whe re as  a  Fue  for a  s ingle  m e tab olit e  should  b e  ap p lie d  only t o t he  urinary c onc e nt ra t ion 
for t ha t  m e tab olit e . Sim ila rly, if re ve rse  d os im e t ry is  b e ing ap p lie d  t o b lood  
m e asure m e nt s  us ing t he  volum e  of d is t rib ut ion (Vd ), t his  Vd  m us t  b e  sp e c ific  t o  t he  
m at rix in whic h t he  b iom arke r is  m e asure d  (e .g., b lood  vs . s e rum) s inc e  p rote in b ind ing 
c an a ffe c t  t his  p aram e te r. Fina lly, as  d e sc rib e d  b y UC (20 21), it  is  im p ort ant  t o  c ons id e r 
t he  re la t ionship  b e twe e n sam p ling fre q ue nc y and  c he m ic a l ha lf- life  in t he  b od y and  t o 
use  t he  int rac las s  c orre la t ion c oe ffic ie nt  (ICC) t o ad jus t  for s it ua t ions  in whic h 
int ra ind ivid ua l variab ilit y is  e xp e c t e d  t o b e  high re la t ive  t o int e rind ivid ua l variab ilit y.  

This  t e xt  has  as sum e d  tha t  a  c las s - b ase d  ap p roac h c an b e  use d  t o ad d re s s  gap s  in 
t oxic okine t ic  p aram e te rs  b ut  not  gap s  in b iomonitoring d a t a ; if b iom onitoring d a t a  a re  
not  ava ilab le , a  q uant it a t ive  e xp osure  c a lc ula t ion is  not  p os s ib le . Howe ve r, a  q ua lit a t ive  
p re d ic t ion m ay b e  p oss ib le  in som e  c ase s . For e xam p le , if a  c he m ic a l is  p oorly ab sorb e d , 
t he n t he  int e rna l d ose  would  b e  e xp e c t e d  t o b e  re la t ive ly low. In ad d it ion, e nvironm e nta l 
m onitoring d a t a  or p rod uc t  c ont e nt  d a t a  c ould  b e  use d  t o e s t im ate  a  range  of p ote nt ia l 
int e rna l d ose s , b ase d  on b iom onitoring d a t a  and  e s t im ate d  int e rna l d ose  for a  we ll-
s t ud ie d  c he m ic a l, as  we ll as  t he  ra t io of t he  monitoring d a t a  b e twe e n t he  d a t a - ric h 
c he m ic a l and  t he  t a rge t  c he m ic a l. 

7. Summary  
Clas s - b ase d  e xp osure  as se s sm e nt s  a llow for m ult ip le  c he m ic a ls  t o  b e  as se s se d  a t  one  
t im e , us ing t he  d a t a  ava ilab le  for d a t a - ric h m e m b e rs  of t he  c las s  and  e xt rap ola t ing t o 
d a t a - p oor m e mb e rs  of t he  c las s . Four ap p roac he s  t o e s t im ate  e xp osure  a re  c ons id e re d : 
(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  (Ap p roac h 2), 
(iii) ind oor d us t  m onitoring d a t a  (Ap p roac h 3), and  (iv) re ve rse  d os ime t ry (Ap p roac h 4 ). 
Me c hanis t ic  m od e ls  a re  firs t  ap p lie d  t o one  e xp osure  sc e nario, and  the  m od e le d  d ose s  
a re  use d  t o id e nt ify t re nd s  and  rank c he m ic a ls  b ase d  on p hys ic oc he m ic a l p rop e rt ie s . 
The se  t re nd s  and  re la t ive  rankings  a re  t he n use d  t o e xt rap ola t e  d ose s  for (i) othe r 
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e xp osure  s c e narios  t ha t  c an b e  m od e le d  me c hanis t ic a lly (e xt rap ola t ing d ose s  he lp s  
re d uc e  t he  num b e r of m od e l runs  ne e d e d ) and  (ii) d a t a - p oor c he m ic a ls  for t he  othe r 
t hre e  ap p roac he s . The  e xt rap ola t e d  d ose s  c an b e  q ua lit a t ive  or s e m i- q uant it a t ive , for 
e xam p le , 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. Mult ip le  
ap p roac he s  should  b e  use d  t o c orrob ora t e  t he  c a lc ula t e d  and  e xt rap ola t e d  d ose s , 
inc lud ing c om p aring t re nd s  from  the  me c hanis t ic  m od e ls  with t re nd s  from  the  othe r 
ap p roac he s . 
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Appendix A.  Summary  of Exposure Modeling Tools by Pathway  

A.1. Ingestion of Indoor Dust  
 

CEM SHEDS- HT ConsExpo  DustEx 

Outputs  
    

Che m ic a l c onc e nt ra t ion in d us t  (se t t le d  on floor) -  s t e ad y s t a t e  Ye s  Ye s  n/ a  Ye s  

Key Inputs      

Dus t  e m it t e d  from  a rt ic le  (am ount  and  c he m ic a l c onc e nt ra t ion) Ye s  No n/ a  No 

C0 , y0 , Km a, gas - p a rt ic ula t e  p a rt it ioning, se t t ling ve loc ity  Ye s  Ye s  n/ a  Ye s  

Am b ie nt  susp e nd e d  and  se t t le d  d us t  (d ue  to  c he m ic a l e vap ora t ion and  
d e p os it ion) 

Ye s  Ye s  n/ a  Ye s  

Che m ic a l c onc e nt ra t ion in p rod uc t /m ate ria l and  surfac e  a re a  of p rod uc t /m ate ria l  Ye s  Ye s  n/ a  Ye s  

CEM: 
• In CEM, this  is  t he  A- ING3 m od e l.  
• Outp ut s : Ap art  from  the  gas - p hase  c onc e nt ra t ion (not  re q uire d  he re ), CEM p rod uc e s  12 outp ut  t im e se rie s  (d a ily va lue s ), c om p ose d  of 

“inve ntory” (am ount  of d us t ) and  “c onc e nt ra t ion” (frac t ion of d us t  m ass  t ha t  is  t he  c he m ic a l of int e re s t ) for b oth a irb orne  and  se t t le d  ve rs ions  of 
t hre e  t yp e s  of d us t : TSP (la rge  p a rt ic le s ), d us t  (sm all p a rt ic le s ), and  ab rad e d  (d us t  she d  b y t he  it e m  in q ue s t ion). The  va lue s  d o not  va ry m uc h 
and  follow a  m ild  sawtooth p a t t e rn d ue  to  we e kly c le aning.  

• Inp ut s : CEM re q uire s  17 c he m ic a l p rop e rt ie s , 16  p rod uc t  p rop e rt ie s , 4  house  p rop e rt ie s , 6  d us t  p rop e rt ie s , 4  ab rad e d  d us t  p rop e rt ie s , and  10  
othe r d us t - re la t e d  p rop e rt ie s  (inc lud ing c le aning fre q ue nc y and  e ffic ie nc y). The  CEM for fab ric  (furniture ) c om p ute s  A- ING3 (inge s t ion of d us t ) 
b ut  a lso c om p ute s  outp ut s  for se ve n othe r p a thways , so not  a ll of t he se  inp ut s  would  b e  re q uire d  if only A- ING3 we re  run. 

SHEDS- HT: 
• Two re le vant  m od e ls : p rod uc t .ind ire c t  and  a rt ic le .e m iss ion 
• Outp ut : For a ll SHEDS- HT e xp osure  p a thways , t he  outp ut s  a re  d e sc rip t ions  of t he  p op ula t ion va riab ilit y d is t rib ut ion, with sum m ary s t a t is t ic s  

inc lud ing p e rc e nt ile s  b ase d  on the  la rge  num b e r (t housand s ) of rand om ly sam p le d  house hold s . 
• In p rod uc t .ind ire c t : 

o The  p a thway- sp e c ific  inp ut s  a re : 
 Frac t ion of house s  in whic h t his  sourc e  is  use d  
 Num b e r of t im e s  p e r ye a r t his  sourc e  is  use d  
 Mass  in gram s  of p rod uc t  re le ase d  p e r use  
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 Like lihood  this  sourc e  t yp e  c onta ins  t he  c he m ic a l of int e re s t  
 Frac t ion of p rod uc t  m ass  t ha t  is  t his  c he m ic a l (if p re se nt ) 

o Othe r inp ut s  not  sp e c ific  t o  t his  p a thway inc lud e  house  p rop e rt ie s  and  p e rsona l e xp osure  fac tors . A fugac ity- b a se d  c a lc ula t ion is  m ad e  
of t he  d isp e rs ion and  loss  of c he m ic a l from  the  house  c om p artm e nt s  a ft e r t he  p rod uc t  is  use d . Mult ip le  usage  e ve nt s  a re  c ons id e re d  to  
re p lic a t e  t he  firs t , ap a rt  from  the  t im e  shift . While  SHEDS- HT is  c ross  se c t iona l, m e aning it  e va lua t e s  jus t  one  e xp osure  d ay p e r 
house hold , t his  d ay is  se le c t e d  a t  rand om  and  the  re s id ua l c he m ic a l from  a ll re le ase s  up  to  t ha t  d ay a re  c ons id e re d . For e xam p le , a  
p rod uc t  m ight  b e  use d  12 t im e s  p e r ye a r (e ve ry 30  d ays) and  the  d ay se le c t e d  for e xp osure  hap p e ns  t o  b e  10  d ays  a ft e r t he  m os t  re c e nt  
usage . The n t he  e xp osure  is  from  the  re s id ua l c he m ic a l a t  10  d ays  p lus  4 0  d ays  p lus  70  d ays  e t c . a ft e r p rod uc t  usage . In anothe r house , 
b oth t he  fre q ue nc y of usage  and  the  d ays  b e twe e n la s t  usage  and  e xp osure  m ay b e  d iffe re nt . 

• In a rt ic le .e m iss ion: 
o The  re le vant  inp ut s  a re : 

 Frac t ion of house s  with t his  sourc e  
 Rat io of a rt ic le  surfac e  a re a  t o  floor a re a  
 Like lihood  this  sourc e  c onta ins  t he  c he m ic a l of int e re s t  
 Eq uilib rium  c le an a ir c onc e nt ra t ion ne a r a rt ic le  surfac e  

o The  las t  of t he se  va riab le s  is  c a lle d  “y0 ” and  it  e ffe c t ive ly m e asure s  t he  c he m ic a l flux from  the  a rt ic le . Othe r house  va riab le s  inc lud e  the  
am ount  of d us t  and  t he  p a rt it ion c oe ffic ie nt  Kp for la rge  and  sm all d us t  p a rt ic le s . A m od ifie d  loss  ra t e  “y” d e p e nd s  on “y0 ” and  on “Qs t a r” 
and  othe r house  and  c he m ic a l va riab le s . The  re le ase d  c he m ic a l is  p ort ione d  b e twe e n a ir and  surfac e s . De rm al c ontac t  with surfac e s  
followe d  b y hand - to- m outh c ontac t  re sult s  in inge s t ion of d us t  c ontam ina t e d  wit h c he m ic a l e m it t e d  b y the  a rt ic le . 

ConsExp o: 
• Dus t  is  not  c ove re d  in ConsExp o. 

Dus tEx: 
• We b  ap p lic a t ion of t he  t ool (ht t p s :/ /www.d us t e x.nl/ ); no use r guid e  b ut  e q ua t ions  ava ilab le  a t  ht t p s :/ / www.rivm .nl/ e n/ c onse xp o/ re la t e d -

tools /d us t e x- tool/he lp . 
• Dus tEx is  int e nd e d  to  b e  use d  only for SVOCs , with a  log10 Koa  b e twe e n 7 and  13. 
• Outp ut : Dus tEx p rod uc e s  ave rage  d a ily d ose s  (ave rage d  ove r t he  e nt ire  e xp osure  d ura t ion) for e ac h of t he  four p athways . 

o For d e t e rm inis t ic  e va lua t ions , Dus tEx a lso p rod uc e s  five  outp ut  t im e  se rie s  (d a ily va lue s ) for gas  p hase  a ir c onc e nt ra t ion, p a rt ic le - b ound  
a ir c onc e nt ra t ion, d us t  c onc e nt ra t ion, p rod uc t  c onc e nt ra t ion, and  surfac e  c onc e nt ra t ion. Tim e  se rie s  of c onc e nt ra t ions  c an b e  
d ownload e d  as  a  .c sv file , b ut  d ose s  a re  ava ilab le  only on the  sc re e n. 

o For p rob ab ilis t ic  e va lua t ions , t he  m e d ian, 9 5 th, a nd  9 9 th p e rc e nt ile s  for ave rage  d a ily d ose  a re  p rovid e d  for e ac h of t he  four p a thways , 
a s  we ll a s  for t ot a l e xp osure . Dose s  a s  a  func t ion of q uant ile s  c an b e  d ownload e d  as  a  .c sv file . 

• Inp ut : Dus tEx re q uire s  two ind oor e nvironm e nt  (re s id e nc e ) p rop e rt ie s , t hre e  p rod uc t / e m iss ion p rop e rt ie s , four d us t  p rop e rt ie s , five  c he m ic a l 
p rop e rt ie s , t hre e  ind oor surfac e / s ink p rop e rt ie s , four a irb orne  p a rt ic ula t e  m at t e r p rop e rt ie s , four re c e p tor p rop e rt ie s , and  s ix s im ula t ion 
p a ram e te rs  for e xp osure  (d ura t ion, fre q ue nc y, ab sorp t ion), with d e fault  va lue s  s up p lie d  for m any of t he se . The  sugge s t e d  d e fault  va lue s  le ad  to  a  
c onse rva t ive  e s t im a te  of e xp osure . Mos t  p a ram e te rs  c an b e  inp ut  a s  a  d is t rib ut ion; whe n a t  le as t  one  p a ram e te r is  a  d is t rib ut ion, t he  use r is  
a ske d  to  sp e c ify t he  num b e r of it e ra t ions  d rawn in t he  Monte  Carlo s im ula t ion. Whe n run, Dus tEx c om p ute s  a ll p a t hways , so a ll inp ut s  a re  
re q uire d . 

  

https://www.dustex.nl/
https://www.rivm.nl/en/consexpo/related-tools/dustex-tool/help
https://www.rivm.nl/en/consexpo/related-tools/dustex-tool/help
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A.2. Gas- phase Air Transfer to Skin  
  CEM SHEDS- HT ConsExpo  DustEx 

Outputs   
    

Che m ic a l c onc e nt ra t ion in gas - p hase  a ir Ye s  n/ a  n/ a  Ye s  

Che m ic a l c onc e nt ra t ion on skin Ye s  n/ a  n/ a  Noa 

Key Inputs      

C0 , y0  for c he m ic a l e m iss ions  Ye s  n/ a  n/ a  Ye s  

De rm al p rop e rt ie s  Ye s  n/ a  n/ a  Ye s  

Che m ic a l d e p os it ion to  skin Ye s  n/ a  n/ a  Ye s b  

Ra te  of p e ne t ra t ion Ye s  n/ a  n/ a  Ye s  
aIn Dus tEx, c he m ic a l c onc e nt ra t ion on skin is  no t  re p ort e d , only c he m ic a l ab sorb e d  through skin. 
bIn Dus tEx, c he m ic a l d e p os it ion to  skin and  p e rm e a t ion through skin a re  b oth re fle c t e d  in t he  t ransd e rm al p e rm e ab ilit y c oe ffic ie nt . 
CEM: 

• This  is  t he  P_ DER1 or A_ DER1 m od e l in CEM. It  re q uire s  t he  P_ INH1 or A_ ING1 m od e l t o e s t im a te  a ir c onc e nt ra t ion. The  p re fix “P” re fe rs  t o  
p rod uc t s , and  “A” re fe rs  t o  a rt ic le s  (it e m s  c ont inuous ly p re se nt ). Note  t ha t  while  t he  CEM m anua l d isc usse s  t his  e xp osure  p a thway in t he  
c onte xt  of b oth p rod uc t s , none  of t he  d e fault  p rod uc t  sc e narios  use  t his  m od e l. It  is  c om m on in CEM for a rt ic le s  t o  use  t he  A_ DER1 m od e l. 

• Outp ut : CEM p rovid e s  t he  gas  and  p a rt ic ula t e  s t e ad y- s t a t e  a ir c onc e nt ra t ions  and  the  ac ut e  and  c hronic  Vap or- to- Skin t rans fe r. As  with m os t  
CEM runs , t he  e le c t ronic  ap p lianc e s  run p rod uc e s  othe r outp ut s  s inc e  t he  A_ DER1 m od e l is  not  t he  only one  c ons id e re d . 

• Inp ut : House  p rop e rt ie s , d us t  p a ram e te rs , c he m ic a l p rop e rt ie s  inc lud ing Kow, solub ilit y, and  He nry’s  law c oe ffic ie nt , a long with a rt ic le  p rop e rt ie s  
suc h as  d e ns ity, surfac e  a re a , c he m ic a l m ass  frac t ion, and  skin p rop e rt ie s . Am ong s kin p rop e rt ie s , CEM use s  b oth a  skin p e rm e ab ilit y c oe ffic ie nt  
kp and  a  t ransd e rm al p e rm e ab ilit y c oe ffic ie nt  kp _ g. The  la t t e r ap p lie s  t o  t his  e xp osure  p a thway, b ut  it  is  no t  c le a r why it  should  b e  so m uc h la rge r 
t han the  form e r (b y m ore  t han 4  ord e rs  of m agnitud e ). 

SHEDS- HT: 
• Gas- p hase  d e p os it ion on skin is  not  c ove re d  in SHEDS- HT. The  m od e l inc lud e s  inha la t ion of a ir (b oth gas  and  p a rt ic ula t e  p hase ) c he m ic a l a s  we ll 

a s  d e rm al c ontac t  with surfac e s  a ft e r a irb orne  c he m ic a l has  d e p os it e d  on the m . 
ConsExp o: 

• Gas- p hase  d e p os it ion on skin is  not  c ove re d  in ConsExp o. 
Dus tEx: 

• Se e  note s  in Se c t ion A.1. 
• For gas - p hase  a ir t rans fe r t o skin, Dus tEx assum e s  tha t  we aring of c lothing will not  re d uc e  d e rm al ab sorp t ion from  a ir. 
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A.3. Inhalation of Particle Dust  
  CEM SHEDS- HT ConsExpo  DustEx 

Outputs  
    

Che m ic a l c onc e nt ra t ion in susp e nd e d  d us t  in a ir b y p a rt ic le  s ize  Ye s  Ye s  n/ a  Ye s a 

Key Inputs      

Co, yo, Km a, gas - p a rt ic ula t e  p a rt it ioning, se t t ling ve loc ity Ye s  Ye s  n/ a  Ye s  

Part ic le  s ize  d is t rib ut ion Ye s  Ye s  n/ a  No 

Ge ne ra l sp lit  of d ire c t  ab sorp t ion to  lung vs . ab sorp t ion in GI t rac t  b ase d  on 
p a rt ic le  s ize  

Ye s  No n/ a  No 

aIn Dus tEx, c he m ic a l c onc e nt ra t ion in susp e nd e d  d us t  is  for one  p a rt ic le  s ize  only. 
CEM: 

• This  is  t he  A_ ING1 m od e l in CEM. The re  are  t hre e  p art ic le  t yp e s : RP (re sp irab le  p art ic le s ), d us t  (la rge r p a rt ic le s ), and  Ab r (p a rt ic le s  ab rad e d  from  
the  a rt ic le ). 

• Outp ut : Pa rt ic 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  p a rt ic le  t yp e s  and  the  ac ut e  and  c hronic  d ose s  re sult ing from  inha la t ion 
followe d  b y t rans fe r t o  t he  GI t rac t . 

• Inp ut : House  p rop e rt ie s , d us t  p a ram e te rs , c he m ic a l p rop e rt ie s  inc lud ing Kow, solub ilit y, and  He nry’s  law c oe ffic ie nt , a long with a rt ic le  p rop e rt ie s  
suc h as  d e ns ity, surfac e  a re a , and  c he m ic a l m ass  frac t ion. The  inge s t ion frac t ions  IF a re  re q uire d  for e ac h of t he  t hre e  p a rt ic le  t yp e s . The se  
ap p e ar t o  b e  a ll s e t  t o  0 .1 b y d e fault , b ut  la rge r p a rt ic le s  should  have  highe r inge s t ion frac t ions . CEM d oe s  not  c onta in an e s t im a tor for IF. 

SHEDS- HT: 
• SHEDS- HT c om p ute s  gas  and  p a rt ic le - p hase  c he m ic a l c onc e nt ra t ions  in a ir re sult ing from  e m iss ions  from  a rt ic le s , a s  we ll a s  in d e p os it e d  

p a rt ic le s  on surfac e s . The  gas  and  p a rt ic le s  b oth c ont rib ut e  t o  inha la t ion e xp osure  and  d ose  (b ase d  on b re a thing ve nt ila t ion ra t e ). Howe ve r, 
SHEDS- HT d oe s  not  sub se q ue nt ly p a rt it ion t he  inha le d  d ose  into frac t ions  ab sorb e d  in t he  GI t rac t  a s  op p ose d  to  t he  lungs . 

• Outp ut : Se p ara t e  gas  and  p a rt ic le  p hase  a ir c onc e nt ra t ion, a long with t he  inha le d  d os e  of c he m ic a l for c om b ine d  gas  and  p a rt ic le  p hase s . 
• Inp ut : House  p rop e rt ie s , c he m ic a l p rop e rt ie s , d us t  p rop e rt ie s , and  a rt ic le  p rop e rt ie s , a s  we ll a s  p e rsona l p rop e rt ie s  suc h as  b re a thing ra t e s  and  

b od y m ass . Inp ut s  in SHEDS- HT a re  ge ne ra lly d is t rib ut ions , b ut  p oint  va lue  inp ut s  m ay b e  use d . 
ConsExp o: 

• Dus t  is  not  c ove re d  in ConsExp o. 
Dus tEx: 

• Se e  note s  in Se c t ion A.1. 
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A.4. Inhalation of Gas  
  CEM SHEDS- HT ConsExpo  DustEx 

Outputs  
    

Che m ic a l c onc e nt ra t ion in gas - p hase  a ir Ye s  Ye s  Ye s  Ye s  

Key Inputs      

C0 , y0  for c he m ic a l e m iss ions  Ye s  Ye s  Ye s  Ye s  

Bre a thing ve nt ila t ion ra t e  Ye s  Ye s  Ye s  Ye s  

CEM: 
• This  is  t he  A_ INH1 m od e l in CEM. It  is  c a lc ula t e d  in c onjunc t ion with A_ ING1 b e c ause  b oth m od e ls  use  a  p a rt it ioning of c he m ic a l b e twe e n gas  and  

p a rt ic le  p hase s  in a ir. 
• Outp ut : Gas - p hase  a ir c onc e nt ra t ion for a  one - zone  house  and  the  ac ut e  and  c hronic  d ose s  (ADR for ac ut e  and  ADD for c hronic ). This  is  

re p ort e d  in c onjunc t ion with t he  p a rt ic ula t e  inha la t ion a m ount s  and  the  t o t a l (gas  p lus  p a rt ic ula t e ).  
• Inp ut : Sam e  inp ut s  a s  for Se c t ion A.3. 

SHEDS- HT: 
• As d e sc rib e d  in Se c t ion A.3, SHEDS- HT c om p ute s  b oth t he  gas  and  p a rt ic ula t e  p has e  a ir c onc e nt ra t ions  us ing c he m ic a l p rop e rt ie s  and  d us t  

p rop e rt ie s . Two p art ic le  s ize s  a re  c ons id e re d , ge ne ric a lly c a lle d  “la rge ” and  “sm all.” 
• Outp ut : Se p ara t e  gas  and  p a rt ic le  p hase  a ir c onc e nt ra t ion, a long with t he  inha le d  d os e  of c he m ic a l for c om b ine d  gas  and  p a rt ic le  p hase s . 
• Inp ut : House  p rop e rt ie s  (s ize  and  ve nt ila t ion), c he m ic a l p rop e rt ie s , d us t  p rop e rt ie s  for two s ize s , and  a rt ic le  p rop e rt ie s  (p rim arily y0  and  surfac e  

a re a ), a s  we ll a s  p e rsona l p rop e rt ie s  suc h as  t im e  p re se nt , b re a thing ra t e s , and  b od y m ass . Inp ut s  in SHEDS- HT a re  ge ne ra lly d is t rib ut ions , b ut  
p oint  va lue  inp ut s  m ay b e  us e d . 

ConsExp o: 
• We b  ap p lic a t ion of t he  t ool (ht t p s :/ /www.c onse xp owe b .nl/ ) with use r guid e  ava ilab le  (ht t p s :/ /www.rivm .nl/b ib lio the e k/ rap p ort e n/20 17- 0 19 7.p d f).  
• Thre e  m od e ls  a re  ava ilab le : “Exp osure  t o  Vap our,” “Exp osure  t o  Sp ray,” and  “Em iss ion from  Solid  Mate ria ls .” In t he  firs t , t hre e  m od e s  of re le ase  

a re  ava ilab le : Ins t ant ane ous  Re le ase , Cons t ant  Re le ase , and  Evap ora t ion. In t he  se c ond , two m od e s  a re  ava ilab le : Ins t ant a ne ous  Re le ase  and  
Sp raying. 

• Outp ut : ConsExp o re p ort s  outp ut s  on thre e  t im e  sc a le s : d uring the  e xp osure  e ve nt , on t he  d ay of e xp osure , and  ye a r ave rage  e xp osure . Outp ut s  
a re  a lso d iffe re nt ia t e d  b y e xt e rna l (c ontac t  with t he  out e r b ound ary of t he  b od y [i.e ., skin, lung, or gut  wa ll]) vs . int e rna l e xp osure s  (am ount  
ab sorb e d  ove r t his  b ound ary). Nine  outp ut s  a re  ge ne ra te d  (t he  int e rna l outp ut s  a re  re p ort e d  only if t he  “Ab sorp t ion” b ox is  c he c ke d ): m e an 
e ve nt  c onc e nt ra t ion, p e ak c onc e nt ra t ion (15- m inute  t im e  we ighte d  ave rage  of t he  a ir c onc e nt ra t ion a round  it s  m axim um ; if e xp osure  d ura t ion is  
<15  m inute s , t he  m e an e ve nt  a ir c onc e nt ra t ion is  give n), m e an c onc e nt ra t ion on d ay of e xp osure , ye a r ave rage  e xp osure , e xt e rna l e ve nt  d ose , 
e xt e rna l d ose  on d ay of e xp osure , int e rna l e ve nt  d ose , int e rna l d ose  on d ay of e xp osure , and  int e rna l ye a r ave rage  d ose . Re sult s  a re  ava ilab le  on 
the  sc re e n b ut  a re  not  e xp ort ab le  t o  a  file . 

https://www.consexpoweb.nl/
https://www.rivm.nl/bibliotheek/rapporten/2017-0197.pdf
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• Inp ut :  
o In “Exp osure  t o  Vap our,” t he  c he m ic a l e vap ora t e s  from  a  liq uid  p rod uc t  into t he  a ir. The  inp ut s  inc lud e  e xp osure  d ura t ion, am ount  of 

p rod uc t  use d , frac t ion of c he m ic a l in p rod uc t , room  volum e , ve nt ila t ion ra t e , and  p hys ic a l- c he m ic a l p rop e rt ie s . 
 “Ins t ant ane ous  Re le ase ” m od e  assum e s  a ll of t he  c he m ic a l is  re le ase d  a t  onc e  into t he  room  and  sub se q ue nt ly re m ove d  b y 

ve nt ila t ion; t his  m od e  usua lly give s  a  re la t ive ly high e xp osure  and  c an b e  use d  as  a  sc re e ning s t e p . Conc e nt ra t ion in a ir is  lim it e d  
t o  t he  sa tura t e d  a ir c onc e nt ra t ion. 

 “Cons t ant  Ra te ” m od e  as sum e s  the  c he m ic a l is  re le ase d  a t  a  c ons t ant  ra t e  ove r a  p e riod  of t im e , with re m ova l b y ve nt ila t ion. An 
ad d it iona l inp ut , e m iss ion d ura t ion, is  ne e d e d . 

 “Evap ora t ion” m od e  m od e ls  c he m ic a l e vap ora t ion from  the  surfac e  of t he  p rod uc t . The  ra t e  of e vap ora t ion is  d e p e nd e nt  on the  
surfac e  a re a  of t he  p rod uc t  and  the  m ass  t rans fe r c oe ffic ie nt ; t he  la t t e r c an b e  e s t im a te d  in ConsExp o us ing two ap p roac he s  
(as  we ll a s  having a  d e fault  va lue  p rovid e d ). Two ad d it iona l inp ut s  a re  ne e d e d : re le ase  a re a  (t ot a l surfac e  are a  on whic h the  
p rod uc t  is  ap p lie d ) and  ap p lic a t ion/ e m iss ion d ura t ion. Re le ase  a re a  c an b e  p rovid e d  as  a  c ons t ant  a re a  or a s  an a re a  t ha t  
inc re ase s  ove r t im e . 

o In “Exp osure  t o  Sp ray,” c onsum e r sp rays  re le ase  s lowly e vap ora t ing or non- vola t ile  sub s t anc e s  in d rop le t s  or p a rt ic le s . For vola t ile  
sub s t a nc e s  re le ase d  b y a  sp ray ap p lic a t ion, use  t he  “Exp osure  t o  Vap our” m od e l. The  inp ut s  inc lud e  e xp osure  d ura t ion, frac t ion of 
c he m ic a l in p rod uc t , room  volum e , and  ve nt ila t ion ra t e . 

 “Ins t ant ane ous  Re le ase ” m od e  assum e s  the  sp raye d  m ate ria ls  a re  d is t rib ut e d  hom oge ne ous ly ove r t he  room  a ir im m e d ia t e ly 
up on re le ase  and  sub se q ue nt ly re m ove d  b y ve nt ila t ion. Ad d it iona l inp ut s  inc lud e  re le ase d  m ass  of t he  sp ray. 

 “Sp raying” m od e  t ake s  into ac c ount  t he  d is t rib ut ion of a e rosol p a rt ic le s  from  sp raying and  sub se q ue nt  re m ova l b y d e p os it ion 
and  ve nt ila t ion. Ad d it iona l inp ut s  inc lud e  sp ray d ura t ion, room  he ight , m ass  ge ne ra t ion ra t e , ae rosol d iam e te r d is t rib ut ion, 
a irb orne  frac t ion, d e ns ity non- vola t ile  (m ass  d e ns it y of t he  t ot a l non- vola t ile  s ub s t a nc e s ), and  inha la t ion c ut - off d iam e te r. An 
op t ion is  ava ilab le  t o  ind ic a t e  t ha t  t he  sc e nario is  one  in whic h a  p e rson is  ins id e  t he  sp ray c loud ; in t his  sc e nario, an inp ut  for 
c loud  volum e  (volum e  of t he  c loud  a ft e r 1 se c ond ) is  re q uire d . 

o In “Em iss ion from  Solid  Mate ria ls ,” t he  c he m ic a l d iffuse s  t o  t he  surfac e  of t he  m ate ria l and  t rans fe rs  into a ir, with re m ova l b y ve nt ila t ion 
only (no othe r ind oor s inks  c ons id e re d ). The  inp ut s  inc lud e  p rod uc t  surfac e  a re a , p rod uc t  t hic kne s s , p rod uc t  d e ns ity, d iffus ion 
c oe ffic ie nt , frac t ion of c he m ic a l in p rod uc t , p rod uc t / a ir p a rt it ion c oe ffic ie nt , m ass  t rans fe r c oe ffic ie nt , ve nt ila t ion ra t e , e m iss ion 
d ura t ion, and  e xp osure  d urat ion. 

Dus tEx: 
• Se e  note s  in Se c t ion A.1. 

  



Clas s - b ase d  Exp osure  Asse s sme nt  Guid e  for OFRs  

 
A- 7 

A.5. Dermal Contact  
  CEM SHEDS- HT ConsExpo  DustEx 

Outputs  
    

1-  p e r e ve nt  t rans fe r from  surfac e  t o  skin (m ass  p e r e ve nt ) Ye s  Ye s  Ye s  n/ a  

2-  sus t a ine d  long- t e rm  c ontac t  with skin (m ass  p e r surfac e  a re a  p e r t im e )  Ye s  Ye s  Ye s  n/ a  

Key Inputs     

1-  t rans fe r e ffic ie nc y surfac e  t o  skin | num b e r of c ontac t s  | c ontac t  a re a  of skin Ye s  Ye s  Ye s  n/ a  

2-  m igra t ion ra t e  t o  skin from  surfac e  c ontac t  | c ontac t  t im e  | c ontac t  a re a  of skin Ye s  Ye s  Ye s  n/ a  

1&2 -  De rm al ab sorp t ion p a ram e te rs  Ye s  Ye s  Ye s  n/ a  

CEM: 
• CEM m od e ls  t his  e xp osure  p a thway us ing se ve ra l m od e ls : P_ DER2a , P_ DER2b , P_ DER3, A_ DER2, and  A_ DER3. The  “P_ ” m od e ls  a re  for 

int e rm it t e nt - use  p rod uc t s , a nd  the  “A_ ” m od e ls  a re  for c ont inuous ly p re se nt  a rt ic le s . A_ DER2 c ons id e rs  d ire c t  c ontac t  with t he  a rt ic le  surfac e  
(e .g., a  hand - he ld  re m ote ). The  A_ DER3 m od e l c ons id e rs  hand s  p ic king up  d us t , whic h is  a lso in c ontac t  with t he  a rt ic le . This  c ould  b e  c ons id e re d  
e it he r d ire c t  or m e d ia t e d  (d ire c t  b e c ause  t he  a rt ic le  m ust  b e  c ontac t e d  for t he  e xp osure  t o  oc c ur or e lse  m e d ia t e d  b e c ause  t he  c he m ic a l is  firs t  
t rans fe rre d  to  d us t  b e fore  b e ing t rans fe rre d  to  a  hum an). 

• Outp ut : The  d e rm al e xp osure  outp ut s  inc lud e  skin c onta c t  (d ire c t ), vap or- to- skin t rans fe r, and  skin c ontac t  with d us t . The  d ire c t  c ontac t  t e rm  
d e p e nd s  on the  c he m ic a l m igra t ion ra t e . Surp ris ingly, t he  d e rm al e xp osure  d oe s  not  d e p e nd  on the  a rt ic le  c ontac t  d ura t ion, a lt hough t his  is  an 
inp ut . 

• Inp ut : The  usua l CEM inp ut s  c ons is t ing of house , c he m ic a l, and  a rt ic le  p rop e rt ie s  a re  re q uire d . If t he  c he m ic a l m igra t ion ra t e  is  ze ro, t he n so is  t he  
d ire c t  c ontac t  e xp osure , a lt hough the  d e rm al c ontac t  with d us t  s t ill oc c urs  and  is  unc hange d . This  ind ic a t e s  t ha t  t he  d us t  is  not  ob t a ining 
c he m ic a l t hrough c he m ic a l m igra t ion b ut  (p re sum ab ly) t hrough surfac e  ab la t ion. 

SHEDS- HT: 
• The re  a re  two re le vant  e xp osure  p a thways  in SHEDS- HT: “p rod uc t .d ire c t .d e rm al” and  “a rt ic le .e m iss ion.” The  firs t  c ons id e rs  p rod uc t  usage  

e ve nt s , with a  p ort ion of t he  m ass  use d  (re le ase d ) c ontac t ing the  skin. The  se c ond  c ons id e rs  e m iss ions  c harac t e rize d  b y the  “y0 ” p a ram e te r (a ir 
c onc e nt ra t ion ne a r t he  a rt ic le  surfac e ). The se  e m iss ions  e xc hange  c he m ic a l with t he  a ir in t he  re s t  of t he  house , whic h the n p a rt it ions  into gas , 
susp e nd e d  p a rt ic le s , and  se t t le d  p a rt ic le s . Note  t ha t  while  a rt ic le s  se e m  to b e  t he  m ore  ap p rop ria t e  sc e nario for t his  t a s k, in SHEDS- HT the  
a rt ic le .e m iss ion sc e nario am ount s  t o  m e d ia t e d  e xp osure . One  c an e s t im a te  d ire c t  c ontac t  e xp osure  only with t he  p rod uc t .d ire c t .d e rm al m od e l. 
For e xam p le , e le c t ronic  d e vic e s  suc h as  re m ote s  m ay b e  t ouc he d  m ult ip le  t im e s  p e r d ay, and  e ac h c ontac t  c an b e  c ons id e re d  a  “p rod uc t  usage  
e ve nt .” While  c he m ic a ls  m ay a lso b e  e m it t e d  from  suc h d e vic e s  whe n not  in use , t ha t  fa lls  und e r t he  m e d ia t e d  e xp osure  p a thways . 

• Outp ut : The  p op ula t ion d is t rib ut ion of d e rm al e xp osure  in μg/d ay and  m g/kg/d ay, whic h re fle c t s  t he  am ount  of c he m ic a l t ha t  s t ic ks  t o  t he  skin 
a ft e r p rod uc t  use  has  e nd e d .  

• Inp ut : This  e xp osure  p a thwa y re q uire s  frac t ion of hom e s  with t his  p rod uc t , usage  fre q ue nc y, c he m ic a l m ass  re le ase d  p e r use  (or t ouc h), 
like lihood  of t his  p rod uc t  c onta ining this  c he m ic a l, frac t ion of p rod uc t  m ass  t ha t  is  t his  c he m ic a l, frac t ion of p rod uc t  m ass  t rans fe rre d  to  skin, 
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and  the  frac t ion of c he m ic a l load ing on the  skin re m aining a ft e r p rod uc t  use  (b e c ause  som e t im e s  one  m ay wash hand s  or othe rwise  c le an the  
skin a ft e r t ouc hing c e rt a in ob je c t s ).  

ConsExp o: 
• This  is  t he  “Dire c t  Contac t  with Prod uc t” m od e l, with five  m od e s  ava ilab le : Ins t ant  Ap p lic a t ion, Cons t ant  Ra te , Rub b ing Off, Migra t ion, and  

Diffus ion. 
• Outp ut : Six outp ut s  a re  ge ne ra t e d  (t he  int e rna l outp ut s  a re  re p ort e d  only if t he  “Ab sorp t ion” b ox is  c he c ke d ): d e rm al load  (am ount  of p rod uc t  

p e r surfac e  are a  of skin), e xte rna l e ve nt  d ose , e xt e rna l d ose  on d ay of e xp osure , int e rna l e ve nt  d ose , int e rna l d ose  on d ay of e xp osure , and  
int e rna l ye a r ave rage  d ose . 

• Inp ut : 
o In “Ins t ant  Ap p lic a t ion,” t he  ap p lie d  p rod uc t  c om e s  into c ontac t  with t he  skin. The  inp ut s  inc lud e  s urfac e  a re a  of skin t ha t  is  e xp ose d , 

frac t ion of c he m ic a l in p rod uc t , am ount  of t ot a l p rod uc t  ap p lie d  t o  skin, and  re t e nt ion fac tor. Contac t  t im e  is  not  an inp ut . Ab sorp t ion 
c an b e  c a lc ula t e d  us ing two m e thod s : Fixe d  Frac t ion or Diffus ion Through Skin, t he  la t t e r of whic h a lso re q uire s  skin p e rm e ab ilit y, 
c he m ic a l c onc e nt ra t ion in p rod uc t , and  c ontac t  d ura t ion as  inp ut s . 

o In “Cons t ant  Ra te ,” t he  ap p lie d  p rod uc t  c om e s  into c ontac t  with t he  s kin. The  inp ut s  inc lud e  surfac e  a re a  of skin t ha t  is  e xp ose d , 
frac t ion of c he m ic a l in p rod uc t , c ontac t  ra t e , and  re le ase  d ura t ion. 

o In “Rub b ing Off,” t he  p rod uc t  is  ap p lie d  t o  a  surfac e  and  the  skin c ontac t s  t he  t re a t e d  surfac e . The  inp ut s  inc lud e  surfac e  a re a  of skin 
t ha t  is  e xp ose d , frac t ion of c he m ic a l in p rod uc t , t rans fe r c oe ffic ie nt  (t re a t e d  surfac e  a re a  in c ontac t  with t he  skin p e r unit  of t im e ), 
d is lod ge ab le  am ount  (am ount  of p rod uc t  ap p lie d  t o  surfac e  a re a  t ha t  m ay b e  wip e d  off, p e r unit  of surfac e  a re a ), c ontac t  t im e , and  
c ontac t e d  surfac e  (a re a  of t re a t e d  surfac e  t ha t  is  rub b e d  d uring e xp osure ). 

o In “Migra t ion,” t he  c he m ic a l m igra t e s  from  a  m ate ria l t o  t he  skin whe n d e rm al c ontac t  with t he  m ate ria l oc c urs  (e .g., e xp osure  t o  d ye s  in 
c lothing, whe re b y d ye s  le ac h to  t he  skin). The  inp ut s  inc lud e  surfac e  a re a  of skin t ha t  is  e xp ose d , am ount  of m a te ria l in d ire c t  c ontac t  
with t he  s kin, le ac hab le  frac t ion (am ount  of c he m ic a l t ha t  m igra t e s  t o  t he  skin p e r unit  am ount  of m a te ria l), skin c ontac t  fac tor (frac t ion 
of m a te ria l in c ontac t  with skin). 

o In “Diffus ion,” t he  ap p lie d  p rod uc t  c om e s  into c ontac t  with t he  skin. Aft e r ap p lic a t ion, t he  c he m ic a l d iffuse s  t hrough the  p rod uc t  t o  t he  
skin. The  inp ut s  inc lud e  surfac e  a re a  of skin t ha t  is  e xp ose d , c he m ic a l c onc e nt ra t ion in p rod uc t , d iffus ion c oe ffic ie nt , p rod uc t  laye r 
t hic kne ss , and  c ontac t  t im e . Ab sorp t ion c an b e  c a lc ula t e d  us ing two m e thod s : Fixe d  Frac t ion or Diffus ion Through Skin, t he  la t t e r of 
whic h a lso re q uire s  skin p e rm e ab ilit y a s  an inp ut .  

Dus tEx: 
• De rm al c ontac t  with t he  p rod uc t  is  not  c ove re d  in Dus tEx. The  m od e l inc lud e s  inha la t ion of gas , inha la t ion of p a rt ic le s , and  d e rm al ab sorp t ion 

from  the  gas  p hase . 
  



Clas s - b ase d  Exp osure  Asse s sme nt  Guid e  for OFRs  

 
A- 9  

A.6. Mouthing  
  CEM SHEDS- HT ConsExpo  DustEx 

Outputs  
    

Ac ute  and  c hronic  d ose  as s oc ia t e d  with d ire c t  m outhing  Ye s  Ye s  Ye s  n/ a  

Key Inputs     

Che m ic a l c onc e nt ra t ion in p rod uc t  –  c an b e  use d  as  an e s t im a tor for m igra t ion 
ra t e  t o  sa liva  

Ye s  Ye s  Ye s  n/ a  

Tim e  sp e nt  m outhing p rod uc t  | age  d e p e nd e nc y for m outhing t im e s  Ye s  Ye s  Ye s  n/ a  

Che m ic a l m igra t ion ra t e  t o  sa liva  –  c he c k m e c hanis t ic  and  e m p iric a l m od e ls  from  
Aurisano e t  a l. (20 22) 

Ye s  Ye s  Ye s  n/ a  

Prod uc t  surfac e  are a  c ontac t ing m outh Ye s  Ye s  Ye s  n/ a  

CEM: 
• This  is  t he  A_ ING2 m od e l in CEM. Like  a ll CEM m od e ls , t he  d e fault  s c e narios  e va lua t e  t he  re sult  of se ve ra l e xp osure  p a thways . Sinc e  t he  e xp osure  

from  this  p a thway is  p rop ort iona l t o  t he  “c ontac t  a re a  of m outhing, CA,” one  c an turn t his  p a thway on or off ind e p e nd e nt ly of othe r e xp osure  
p a thways . 

• Outp ut : Both ac ut e  and  c hronic  m outhing e xp osure s  a re  re p ort e d . The se  a re  c a lle d  “p ote nt ia l d ose s” b e c ause  t he y re p ort  t he  am ount  of 
c he m ic a l t rans fe rre d  to  t he  sa liva  b ut  d o not  inc lud e  a  GI t rac t  ab sorp t ion fac tor. 

• Inp ut : The  m ain inp ut s  for t his  p a thway a re  c he m ic a l m igra t ion ra t e  (from  art ic le  t o  sa liva ), c ontac t  a re a  of m outhing, and  d ura t ion of m outhing. 
Note  t ha t  t he  firs t  of t he se  va riab le s  should  b e  p rop ort iona l t o  t he  c he m ic a l c onc e nt ra t ion in t he  a rt ic le , b ut  CEM m ake s  no suc h link and  t he  
use r m us t  e nsure  c ons is t e nc y. 

SHEDS- HT: 
• SHEDS- HT has  t hre e  m outhing t e rm s : one  d ire c t  and  two ind ire c t . The  d ire c t  is  “p rod uc t .d ire c t .inge s t ion,” whic h is  m e ant  t o  ap p ly t o  p rod uc t s  

ap p lie d  t o  t he  fac e  or m outh, suc h as  t oo thp as t e , lip  b a lm , e t c . The  othe r two a re  “p rod uc t .ind ire c t ” and  “a rt ic le .e m iss ion,” b oth of whic h re la t e  
ora l e xp osure  t o  d e rm al hand  e xp osure  on the  as sum p t ion tha t  t he  t wo should  b e  p rop ort iona l (a lt hough the  ra t io  d e p e nd s  on age ). 

• Outp ut : The  inge s t e d  am ount  in unit s  of μg/d ay and  m g/kg/d ay. 
• Inp ut : The  sam e  variab le s  t ha t  a re  ne e d e d  to  e s t im a te  d e rm al e xp osure , e xc e p t  for the  ad d it ion of “om .ra t io ,” whic h re p re se nt s  t he  ra t io  of 

m outhing e xp osure  t o  d e rm al (hand ) e xp osure . This  va riab le  is  age  d e p e nd e nt  and  (like  ne a rly a ll va riab le s ) va rie s  ove r t he  p op ula t ion of 
s im ula t e d  ind ivid ua ls .  

ConsExp o: 
• This  is  t he  “Dire c t  p rod uc t  c ontac t ”  “Prod uc t  m outhing” m od e l. 
• Outp ut : Five  outp ut s  a re  ge ne ra t e d  (t he  int e rna l outp ut s  a re  re p ort e d  only if t he  “Ab sorp t ion” b ox is  c he c ke d ): e xt e rna l e ve nt  d ose , e xt e rna l 

d ose  on d ay of e xp osure , int e rna l e ve nt  d ose , int e rna l d ose  on d ay of e xp osure , and  int e rna l ye a r ave rage  d ose . 
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• Inp ut : The  inp ut s  a re  we ight  frac t ion of c he m ic a l in p rod uc t , am ount  of p rod uc t  m outhe d , d ura t ion of m outhing, c ontac t  a re a  of m outhing, and  
init ia l c he m ic a l m igra t ion ra te . Use rs  c an a lso sp e c ify frac t ion ab sorb e d  from  the  gut  into t he  b lood  to  c a lc ula t e  ora l ab sorp t ion. 

Dus tEx: 
• Mouthing the  p rod uc t  is  no t  c ove re d  in Dus tEx. 
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