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The hea l th  risks posed  by  soi l  po l lu tan ts are  genera l ly  though t  to  be  due to so i l

ingest ion  and have  o ften  resu lted in  m assive  regula tory  ef forts  to rem edy  such

con tam ina t ion .  Th e con tribu tion  o f th is  rou te  to  the  ac tua l  hum a n  h ea l th  haz-

ard  has been  quest ioned , how ever, as soi l rem ova l a lone seem s to  have  l it tle

i n ¯ uence on  the body  burdens  of  so i l  con tam inan ts in  exposed  ind iv idua ls.

O ngo ing  research  a lso  has repea ted ly  and  subs tan t ia l ly  reduced  the est im a tes

o f so i l ingested  da ily. B ecause  com para tive ly  li t tle t im e  is spen t ou tdoors by

m ost  ind ividua ls , exposure  to  so i l b rough t indoors , presen t  as house dus t,  i s

now  though t to  be  near ly  as im portan t  as the  d irec t ingest ion  o f so il . Exposure

v ia  house  dus t has no t  been  stud ied  sp ec i ® ca l ly,  but  severa l observa tions sug-

gest tha t  i t  m ay  be  im portant .  D ust  i s la rge ly com posed  o f  ® n e particles of

t racked- in  so i l.  T he  sm aller  dust partic les c l ing  to  sur faces bet ter than  so i l , and

con tam inan t  concen tra t ions  are  o ften h igher in  house dust .  F ine  partic les are

l i ke ly  to  be  m ore  b io ava i la b l e ,  a nd  d egra da t io n  is  s lo w er  i nd oo rs.

C on tam inan ts th us m ay be  co ncen tra ted  and  m ore  rea d i ly a va ila b le in  the

areas m ost  f requen ted .  In  som e  s tud ies, con tam inan t  levels in  dust  are corre-

la ted  m ore close ly  w i th  body  burdens  o f  con tam inan ts than  o ther  sources, sug-

gest ing  tha t  th is rou te  shou ld  be  considered  w hen  assessing risks f rom  so i l .

U n t i l m ore research  address ing  exposure to  dust  i s conduc ted ,  recom m enda-

t ions for  assessing  po ten t ia l  hea l th  risks  f rom  th is pa thw ay are  prov ided .

K e y w o r d s co n tam in a ted  so i l ,  en v ir on m enta l  r i sk ,  exp osur e  asse ssm ent ,

house  dust ,  so i l  inges t ion
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h e ld  in  d i f fe r en t ho te l s ,  each  g r o up  r em ain ed  b l is sfu l ly  un aw ar e  o f  th e

o t h e r ’s  p r esen ce  in  th e  c i ty.  A f t e r  m an y  le a r n e d  p r esen t a t io n s d e ta i l in g

the i r  r esp ec t iv e  su ccesses  a t  p ro tec tin g  soc ie ty  f r o m  th e  r isk s  co n-

f ro n tin g  i t ,  b o th  g ro u ps e lec ted  to  sp en d the  ® n a l  d ay  o f  th e i r  m ee t in g s

in  r e lax a t io n .  T h e  r i sk  a sse sso r s  s e t t l e d  o n  a  d ay  a t  th e  b ea ch  w h er ea s

th e  r isk  m an a g er s  d e c id ed  o n  an  ascen t  in  a  h o t  a i r  b a l lo o n .

S h o r t ly  a f te r  t ak e -o f f ,  th e  r i sk  m an ag er s  f o u nd  th em se lv es eng u l f ed

b y  f o g  an d  b u f f e ted  th i s  w ay  an d  th a t  b y  tr ea ch er o u s w in d s u n t i l  th ey

w er e h op e lessly  lo st .  A f te r  w ha t  seem ed  h o ur s  a lof t ,  the y  ch an ced  o n  a

b r eak  in  th e  c lo u d s.  B e lo w  th em , th ey  sp ie d  th e  r i sk  a sses so r s  a t  p lay

o n  th e  b ea ch .  A t t r a c t in g  th e  a t t e n t io n  o f  th e  r i sk  a sse sso r s ,  th e y

sh o u ted  d o w n , ª W h er e  a re  w e? º  T h e  r i sk  a sses so rs  h u d d led  to g e th e r,

co n si d e r in g  th e i r  an sw er,  and  a f te r  a  sh or t  t im e ,  th ey  r ep l ied ,  ª Yo u  a r e

in  a  h o t  a i r  b a l lo o n  ab o u t  2 0 0  m ete r s  in  th e  a ir.º  Wi t h  th a t  th e  f o g

c losed  in  a ro u n d th e b a l lo o n  an d  th e  w in d  d r ov e  i t  o u t  to  sea .  A s  th e

r i sk  m an ag er s  w er e  b e in g  sw ep t  to  th e i r  d o o m ,  o n e  f r u st r a ted  r i sk

m a n a g e r  a sk e d  a n o t h e r, ª W hy don’ t  r i sk  a sses so r s  e v e r  t e l l  u s  a n y th in g

use fu l?º  A t  th e  sa m e  in s ta n t  o n  th e  g r o u n d ,  a  r i sk  a s ses so r  r e m ar k ed  to

his co lleagues,  ª I sn ’ t  i t  c u r io u s  th a t  r i sk  m an ag e r s  n e v er  a sk  a n y  r ea l ly

im p o r ta n t  q u es t io n s? º

W h i le  th i s  is  an  ap o cry p h a l  t a le ,  i t  h as  b ea r in g  o n  th e  i ssu e  o f  co n ta-

m in a ted  so i l s ,  h o u se  d u st ,  an d  th e  r i sk s  b o th  m ay  p o se  to  in d iv id u a l s

ex p o sed  to  the m .  I n  th e  ea r ly  1 9 8 0s ,  a t  p laces su ch  as  L o v e  C an a l  an d

Tim e s B ea ch , q u est io n s w er e  r a i s ed  r eg a r d in g  th e  s ig n i ® c ance of  conta-

m in a t ed  so i l  r e g a r d in g  h u m a n  h ea l th .  B e ca u se  th e  l i t e r a t u r e  c o n ta in ed

r ep o r t s  d esc r ib ing  th e  ha nd - to -m o u th  ac tiv i ty  by  y o u n g ch i ld re n  an d

ing estio n  of  n on f oo d  i tem s and  an ecd o ta l  r ep o r t s  o f  p ica  and  g eo ph agia

in  b o th  ch i ld r en  an d  a du l t s ,  r isk  a ssesso r s  co n c lu d ed  th a t  ing e st ion  o f

so i l - b o u n d  co n tam in an ts  m i g h t  b e  a n  im p o r ta n t  p a th w ay  o f  h u m an

ex p o su r e  to  e n v i r o n m en ta l  c o n t am in a n ts .  S in c e  th en ,  n u m er o u s p ap e r s

h av e  b een  p u bl i she d  th a t  d i scu ss  so i l  in g est io n  o r  d e r m a l co n tac t  a s  i t

p e r ta in s  to  e n v i r o n m en t a l  e x p o su r e  a n d  r i sk  a s se ssm en t .  F ew  h av e

d iscu ssed ,  h o w ev er,  th e  s ig n i ® c an ce  o f  h o u se  d ust  an d  i ts  re la t iv e  co n-

t r i b u t io n  to  t h e  to t a l  h u m a n  u p ta k e  o f  e n v i r o n m en t a l  co n tam i n an ts .

EVOLUTION OF SOIL INGESTION ESTIMATES

T h e  ® r s t  e s t im a tes  o f  th e  so i l  in g est io n  r a te s  by  ch i ld r en  w er e  l i t t l e

m or e  th an  in f o rm ed , a lb e i t  co n se r va t iv e ,  gu esses  ( K im b ro u g h  e t  a l . ,

1 9 8 4 ) .  T h e  r esu l t s  o f  u sin g  th ese  v a lu es in  r i sk  a s ses sm en ts  m a d e  i t

c l e a r  th a t  t h i s  e x p o su r e  p a t h w a y  w o u l d  d o m i n a te  m o s t  e x p o su r e

a sses sm e n ts  a n d  r i sk  m a n a g e m en t  d ec i s io n s  w h en  so i l  c o n tam in a n t s

w er e  p r esen t .  F o r  ex am p le ,  a s  sh o w n  by  P au sten b ach  ( 1 9 8 7 ) ,  d i r ec t

ing est ion  o f  co ntam ina ted  so il  rep resented  7 5 %  to  90 %  o f  th e  p redic ted
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r i sk  a sso c ia ted  w i th  m o st  h aza r d o u s w a ste  s i t e s .  I n  th e  ab sen ce  o f

a c tu a l  m e asu r e s  o f  so i l  i n g e st io n ,  th ese  e s t im a te s  d r o v e  r em ed ia l

ac t io n s in v o lv in g  co ntam in a ted  so i l  th r o u g ho u t  th e  1 9 80 s  an d  1 9 9 0 s

( P au sten b ac h , 1 9 9 5 ) .

Q u es t io n s w er e  r a i s ed  ab o u t  th e  ac cu r acy  o f  th ese  so i l  in g es t io n

e s t i m a t e s  a lm o s t  i m m e d i a te l y,  a n d  a p p l ie d  r e sea r c h  w as  u n d e r t a k en

to  d ev e lo p  an d  r e ® n e  q u a n t i t a t i v e  e st i m a te s  o f  so i l  in g es t io n  r a te s ,

e sp e c ia l ly  in  ch i ld r en  ( P au sten b ac h , 1 9 8 7 ) .  T h ese  s tu d ie s  r e l i ed  o n  a

m ass b a lan c e  ap p r o ac h  in  w h i ch  m u l t ip le ,  p o o r ly  ab so r b e d  t ra ce r  e le-

m en ts  w e re  u sed  as  su rr o g a tes  o f  so i l  in g es tio n  ( B ind e r  e t  a l . ,  1 9 8 6;

C lau sin g  e t  a l . ,  1 98 7 ; Va n  Wijn en  e t  a l . ,  1 9 8 9;  C a lab rese  et  a l . ,  1 9 89 ;

D av is  e t  a l . ,  19 9 0 ) .  T h e  d i f f e r ence  in  the  l ev e l s  o f  t r ace r s  in  m a te r ia ls

ing ested  d a ily  by  th e  sub jec ts  ( e .g . ,  fo od , m ed icin es,  v it am in s)  com -

p ar ed  w i th  th e  l ev e l s  d e tec te d  in  s to o l  an d  u r in e  sam p les  co l lec ted

d a i ly  w as as su m ed  to  b e  d u e  to  in g est ed  so i l .  B y  an a ly z in g  th e  t r a ce r

co n ten t  o f  th e  a sso c ia te d  so i l  an d  d u st ,  an  e st im a te  o f  th e  d a i ly  so i l

in g est ion  w as  d ev e lop ed  f o r  each  su b jec t  f o r  each  t r ace r  used .  S u ch

stu d i es  ( C a lab r ese  e t  a l . ,  1 9 8 9 )  in d ic a ted  th a t  fo r  th e  m o st  r e l i ab le

t r ace r s  so i l  in g e st io n  r a te s  f o r  ch i ld r en  w er e  b e tw een  9  an d  4 0  m g /d ay.

C o n t in u ed  ev a l u a t io n  an d  im p r o v e m e n t  o f  th ese  t ec h n i q u es  an d  th e

r esu l t s  c o n v in c i n g ly  es tab l i sh ed  th e  accu r acy  o f  th e se  t e ch n iq u es an d

ex ten d ed  th e i r  ap p l ica t io n  ( S tan ek  e t  a l . ,  1 9 8 8 ;  C a lab r ese  e t  a l . ,  1 9 9 0 ;

S t an ek  an d  C a l ab r ese ,  1 9 9 1 ;  C a la b r ese  an d  S t an ek , 1 9 9 1 ;  C a la b r e se

e t  a l . ,  1 9 9 1 ;  C a l ab r ese  an d  S tan ek ,  1 9 9 2 a ,b ;  S tan e k  an d  C a lab r ese ,

1 9 9 2 ;  C a l a b r e se  e t  a l . ,  1 9 9 3 a ,b ;  S ta n e k  a n d  C a l a b r e se ,  1 9 9 5 a , b ;

C a la b r e se  an d  S t an e k ,  1 9 9 5 a ,b ) .  A p p l in g  (p e r so n a l  co m m un ica t io n ,

1 9 9 6 ) ,  u s in g  lea d  as  a  t r a ce r,  e s t im a ted  a  d a i ly  so i l  in tak e  o f  ap p r o x i-

m at e ly  1 0  m g /d ay,  s im i la r  to  th e  4- m g /d ay, e stim a te o f  d e S ilva  ( 19 94 )

f o r  th e  sa m e  e le m en t .  T h e  r eg u la t o r y  r esp o n se  in  t h e  U n i t ed  S t a te s  to

th ese  s tu d ies  h as  b een  to  lo w er  th e  d e fa ul t  v a lu es f o r  ch i ld h o o d  so i l

in g est io n  ra te s  f ro m  a  h ig h  o f  1 0 ,0 0 0  m g /d ay  in  1 9 8 2  to  a  r easo n ab le

m a x i m u m  e x p o su r e  o f  2 0 0  m g /d a y  f o r  c h i l d r e n  ( U n i te d  S t a t e s

E n v i r o n m en ta l  P r o te c t io n  A g en cy  [U .S . E PA ], 1995a) .

D esp i te  a  r e d u c t io n  o f  n ea r ly  th r e e  o r d e r s  o f  m ag n i tu d e  in  w h a t  i s

b e liev ed  to  b e  th e  accur a te  ch i ld ho o d  so il  in g estio n  ra te  ( Tab le  1 ) ,  th e

so i l  p a th w ay  s t i l l  d o m i n a tes  m a n y  r i sk  a sses sm en ts ,  m o s t ly  d u e  to  th e

co n t in u e d  u se  o f  th e  E PA’s  re la t iv e ly  h ig h  d e f au l t  so i l  in g est io n  r a te

( 2 0 0  m g /d ay )  an d  th e  u n r ea l i s t i c  ex p o su r e  scen ar io s  o f ten  r eq u i r ed  b y

F e d er a l  an d  s ta te  r eg u la to r y  ag e n c i es .  S u c h  ex p o su r e  sc en a r io s  ty p i-

ca lly  assess  a  ch ild ’ s  r i sk  d u e  to  in g est io n  o f  the ir  en t ir e  d a i ly  r a t io n  o f

so i l  f r o m  th e  a r ea  o f  h ig h es t  c o n tam i n a t io n  w i th o u t  r e g a r d  to  th e

am o u n t  o f  t im e  a c tu a l ly  sp en t  o u td o o r s  o n  s i t e ,  th e  h o r izo n t a l  an d  v e r-

t i ca l  d i s t r ib u t io n  of  con tam in ants  in  th e  so i l  co lu m n ,  i ssu es o f  co n-

tam i n an t  h a l f - l i f e ,  o r  b io av a i lab i l i ty  ( P au sten b ach  e t  a l . ,  1 9 9 2 a ,b ;



342 D. J. PAUSTENBACH ET AL.

P a u st en b a ch  e t  a l . ,  1 9 9 6 ) .  T h e  r esu l t  h a s  b ee n  th e  ex p en d i tu r e  o f  t en s

o f  b i l l io n s o f  d o l la r s  in  th e  U n i ted  S ta tes  in  th e  p ast  2 0  y ea r s  to  im p le-

m e n t  ex t en s iv e  so i l  r e m ed ia t i o n  p r o g r am s .

POSSIBLE IMPORTANCE OF HOUSE DUST 
IN LEAD EXPOSURE

U n f o r t u n a t e l y,  th e  m o n ey  sp en t  to  r em e d ia te  co n tam in a ted  s i t e s  o f ten

h as n o t  p ro d u ced  m easu rab le  d ec l in es  in  the  bo d y  b u r den s o f  th e  co n-

tam in an t  in  ex p o sed  r e sid e n ts  o r  im p r o v e m en t  in  th e  p u b l ic  h ea l th .

O n e  r easo n  m ay  b e  th a t  so i l  in g e st io n  i s  n o t  th e  p r ed o m i n an t  w a y  th a t

m o st  in d iv id ua l s a re  exp o sed  to  xen ob io t ic s  in  th e ir  en vi ro n m en t.  I f ,  fo r

ex am p le ,  h o u se  d u st i s  a  m a jor  sou r ce  o f  exp o su re ,  i t  i s  n o t su rp r is in g

th a t rem o v a l o f  co n tam in a ted  so il  h as  p r o du ced  l i t t l e  o r  n o  ch ang e  in

b o d y  b u r d e n s  o f  th e  co n t am in an t  o f  c o n c er n  ( K i m b r o u g h ,  1 9 9 5 ;

K im br ou g h e t  al . ,  1 99 5 ; U .S . E PA , 1995b; We itzm an  e t a l . ,  1 99 3 ) .  T h er e

i s  g ro w in g  e v id en ce  th a t  in - h o m e ex p o su r e  i s  a s  im p o r tan t  a s  ex p o su r e

to  ex te r ior  so i ls  ( P au stenb ach , 1 99 5) .  T h is  ev id ence  is  l a rg ely  d e r ived

f ro m  ex p er ience  w i th  in o rg an ic  co n tam in an ts  su ch  as  l ead  ( S ay r e  e t  a l . ,

1974; Vo stal  et  al . ,  19 74 ; L epo w  e t a l.,  1 97 5;  Ch arn ey  et  al . ,  19 8 0;

D ug gan, 1 98 0;  R oe ls  e t  al . ,  1 98 0;  Bo rn sch ien  et  a l . ,  1 98 5) ,  cad m iu m

(B u che t e t  al . ,  1 9 80 ) ,  and  a rsen ic  ( P o li ssar  e t  a l . ,  19 9 0;  B u ch e t et  a l . ,

1 9 80 ) ,  a lth o u gh  s im i la r  ® n d ing s h av e  b een  r ep or ted  fo r  so m e  p est i-

c id e s ( D av ies  e t  a l . ,  1 9 7 5 )  a n d  p o ly ch lo r i n a ted  b ip h en y ls  ( P C B s)

( M cC lan ah an ,  p e rson a l  co m m u n ica t io n ,  1 9 96 ) .  A m o de l  d i scussed  b y

C la r k  e t  a l .  (1 9 91 )  id en ti ® ed  d ust  o n  ch i ld ren ’ s  h a n d s  a s  th e  p r i m a r y

so ur ce  of  l ead  ex po su re .  E xte r io r  so i l  an d  ho u se  du st  bo th  co n tr ibu te  to

Table 1. So ur ce o f  h i s to r ical  e st i m ate s o f  the  so i l  ingest io n  r at es  f o r  ch i ld ren

ty p i ca l l y  u sed  in  hea l th  r isk  a sses sm en t  ( 1 98 4  to  19 96 )

S t u d y S o i l  I ngested  ( m g /day )

K im br o ug h  e t  a l . ,  1 984a 10 ,000

H a w l e y,  1 985 2 0 0

P au s t e n b a ch ,  1 9 8 6b 1 0 0

B in de r  e t  a l . ,  198 6c 10 0±60 0

C lau sin g  e t  a l . ,  19 87c 100 ±1 ,00 0

Va n  Wijn en  e t  a l . ,  19 89c 10 0±15 0

C a l ab r e se  e t  a l . ,  1 9 89c 1 0±4 0

D av is  e t  al . , 1 990c 2 5±8 0

de  S i lv a,  1994 4

A p p ling  ( pe r sona l  com m un ica t ion , 19 96) 1 0

a U se d  t o  a s se ss  Ti m es B each ,  M O .
b U sed  in  an  a l t e r n a t i ve  a s se s sm en t  o f  Tim es B each ,  M O .
cQ u a n t i t a t i v e  t r ac e r  s t u d i e s .
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h an d  d u st  in  th i s  m o d e l ,  b u t  th e  r e la t iv e  co n t r ib u t io n  o f  each  co m p ar t-

m en t  i s  s t i l l  u n c lea r.

T h ese  o b se rv a tio n s ,  to g e th e r  w i th  ex p er im en ta l  ev id en ce  su g g est in g

th a t 5 0 %  o r  m or e of  th e so i l  ing ested  b y  ch ildr en  o n  a da ily  basis  i s co m-

p o sed  o f  h o u se  d u st  (S tan ek  an d  C a lab r ese ,  19 9 2 ) ,  r a i se  co n cer n  th a t

d u st  m ay  b e  a  m or e  im p o r tan t  so ur ce  o f  ex p o su r e  to  m an y,  a n d  p e r h a p s

m o s t ,  lo n g - l iv e d  ( p e r si s t en t )  p o l lu ta n t s  th a n  e x te r io r  su r f ace  so i l .

S u rf ace  so il ,  th e r e fo r e ,  m ay  p r im ar i ly  b e  im p o r tan t  a s  i t  in ¯ u e n c e s  th e

p o l lu tan t  co n ten t  o f  h o u se  d u s t ,  an d  so i l  r em o v a l  o r  t r ea tm e n t  a s  a

r em ed ia l  a l t e r n a t iv e  m ay  b e  in e ff ec t iv e  a t  r ed u c in g  h u m an  ex p o su r e  i f

th e  h o u se  d u st  r em ain s  u n ad d r es se d .  C o n si s te n t  w i th  th e  m o r a l  o f  o u r

cau t io n ar y  o p en in g  ta le ,  th e  r i sk  a s sesso r s  m ay  h av e  p r o v id e d  th e  co r-

r ec t  an sw er  to  th e  w r o n g  q u est io n .  We  m a y  h av e  f o cu sed  a t  m an y  s i t e s

o n  th e  w r o n g  m ed iu m  in  seek in g  to  r ed u ce  th e  h ea l th  r i sk s  po sed  b y

so i l - b o u n d  co n ta m in an ts .

In  the  ab sen ce  of  sp ec i ® c  s tu d ies  d e sig n ed  to  t e s t  h y p o th e ses  r eg a r d-

in g  th e r o le  o f  h o use d u st  in  ex p o su re  to  so i l- b o un d  con tam in an ts ,  th e

si g n i ® c an ce  o f  h o u se  d u s t  a s  an  ex p o su r e  v eh ic le  re m a in s  so m ew h a t

co njec tu r a l.  H ow ev er,  in f o r m at io n  f ro m  th e  l i t e r a tu re  i s  su g g est iv e

r eg ar d in g  th e  im p o r tan c e  o f  h o u se  d u st .  T h e  l i t e r a tu r e  ab o u t  s i t e s  co n-

tam i n a te d  w i th  l ea d  i s  th e  m o s t  p e r su as iv e .  F o r  ex am p le ,  d u r in g  a

stud y  o n  lead  exp o su re  re su l tin g  f r o m  th e  o p era t ion s of  a  fo rm er  sec-

o n d ar y  sm e l te r  in  I l l in o i s  th a t  h a d  co n tam in a t ed  t h e  su r r o u n d in g  r es i-

d ent ia l  n e igh b or h oo d s,  K im b ro u g h e t  a l .  (1 9 9 4)  rep o r ted  th e  r esu l ts  of

ed uca t in g  the  pa r ents  o f  ch i ld ren  w ho se  b loo d  lead  lev e ls  ex ceeded  th e

Cente r  for  D isease Co ntro l (CD C) ’ s  acceptab le level of  10  m g/d l  ab ou t

so u rces of  l ead  in  th e  h o m e an d  s im p le  t echn iq u es to  red u ce  ex p osu r e

(e .g . ,  han d  w ash in g ,  du st  con tr o l ) .  A n average  dro p  of  b lood  lead  leve ls

o f  5 0 %  w as ach iev ed  im m edia te ly  in  th ese  ch i ld r en ,  an d  th e  red u c t io n

p er s i s ted  f o r  a t  l eas t  1  y ea r.  B ecau se  th i s  r ed u c t io n  w as ach iev ed  in  th e

p resen ce o f  e lev ated  so i l  l ead  lev el s  an d  lead  p a in t  in  m an y  of  th e

h o m es,  th e  au th o r s  co n c lu d ed  th a t  h o u se  d u st  i s  a  c r i t i ca l  fa c to r  in  p r e-

d ic t ing  b lo o d  lead  lev e ls  an d  th a t co n tr o l  o f  th is  m ediu m  h ad  a s ig n i ® -

can t  ef fec t  o n  the  bo d y b ur d en . S im i la r ly,  C la r k  an d  co w o r k er s  r ep o r ted

a  d ec l ine  in  b lo od  lead  leve l s  a f te r  du st  co n t ro l  m easu res  w ere  im p le-

m en ted  in  C in c inn a ti  h o m es ( Cla rk  e t  a l . ,  19 8 8 ; C la rk  e t  a l . ,  1 9 91 ;  U .S .

E PA ,  1 9 9 5 b ) ,  a l th o u g h  th e  d ec r ease  w as n o t  a s  p ro n o u n ce d  as  th a t

rep or ted  b y  K im b ro ug h e t al .  (1 99 4) .

T h e  C in c inn a t i  p o r t ion  o f  th e  U .S .  E PA’s  U r b an  S o i l  L e ad  A b a t e m e n t

D em o n st ra t io n  P r o jec t  ( o r  T h r ee  C ity  S tud y ;  U .S . E PA , 19 95b )  is  the

o nly  stu d y  sp ec i ® c a lly  d esig n ed  to  ev a lu a te  th e  e f fec t  of  l ead  ab a tem en t

o f  ex te r io r  so i l  an d  in te r io r  du st  a s  an  in te r v ent io n  tech niq u e  f o r  l ead

ex p o su r e .  T h is  s tu d y  ev a lu a ted  t h r ee  d i f f e r e n t  in te r v e n t io n  s t r a teg ie s

in  n e ig h bo r h o od  a r eas : ex te r io r  so i l  an d  du st  rem o v a l  ( a r ea  A ); in te r ior
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d u st  ab a tem en t  (a re a  B ) ;  a n d  n o  a c t io n  ( a r ea  C ) .  S o il  l ead  ab a tem en t

had  l i t t le  ef fect o n  b lo od  lead  lev el s,  b u t a  po si t ive  in¯ u ence o n  b lo od

lead  r ed u c t io n  w as n o ted  in  th e  ne ig h b o r h o o d s in  w h ich  in te r io r  d u st

ab a tem en t  w as p e r fo r m e d.  T h e  d i f f e r en ce ,  h o w ever,  w as  n o t  s t a t i s t i-

cal ly  s ig n i ® c an t ,  pe r h ap s b ecau se  o f  issues of  sam p le  s ize  o r  th e  r e la-

tively  low  lead  co ncent rat ion s in  dust,  so i l ,  o r  b loo d . Ten  m o n th s  p o s t-

ab a tem en t,  th e  d ec l in e  in  b lo o d  lead  leve l s  w as 2 %  in  a r ea  A, 18%  in

a r ea  B ,  an d  6 %  i n  a r ea  C . I n te r est i n g ly,  o ne  o f  th e m a in  co nc lu sion s

f ro m  each  o f  th e ci t ie s  in  the  s tu dy  ( Bo sto n ,  Ba l t im o re ,  an d  C in c in n a ti )

w as th a t  so i l  a b a tem en t  w as  in e f f ec t iv e  a t  r ed u c in g  th e  l ead  b u r d en  o f

r esid en t  ch i ld ren .  T h is  su g g est s  th a t  th e  c r i t i ca l  d e te r m in a n t o f  b lo o d

lead  lev e l s  in  ch i ld r en  ( an d  a r g u ab ly  ad u l t s)  l i e s  so m ew h er e  o th e r  th an

v ia  d i rec t so i l  ing est io n .

S u b seq u en t  a na ly si s  o f  th e  I l l in o i s  d a ta  in d ic a te d  th a t  so i l  l ead  co n-

t r ib u ted  on ly  ap p ro x im ate ly  3 %  to  the  v a r ian ce in  th e b lo od  lead  lev e ls ,

w h er eas in te r io r  co n d i t ion s ex p la in ed  fo u r  o r  m o re  t im es th e  v a r ian ce

in  bo d y b urd ens (K im br ou gh  e t a l . ,  1 99 5) .  S im ila r  to  ® n d in g s f r o m

o th er  s tu d ies  ( A n gle  an d  M cIn ti re ,  19 7 9) ,  in c lu sio n  o f  al l  en vi ro nm en-

ta l  p a r am ete r s  in  th e  an a ly si s  ex p la in ed  o n ly  ap p r o x im ate ly  4 0 %  o f  th e

v ar ia n ce  ag a in ,  in d ic a t in g  th a t  b eh av io r a l  an d  o th e r  fa c to r s  m ay  b e  a s

im p o r tan t  o r  m o r e  im p o r tan t  d e te r m in a n ts  o f  b o d y  b u r d en  th an  e n v i-

r o n m en ta l  p a r a m et e r s .  M i la r  an d  M u sh a k  ( 1 9 8 2 )  a n d  C h a r n e y  e t  a l .

(1 9 83 )  al so  hav e repo r ted  sig ni ® c an t  r ed u c t io n s  in  th e  l ead  b u rd e n  o f

ch i ld ren  a f te r  th e  r ed uc t io n  o f  in te r io r  d u st s  in  th e i r  h o m es ( ev en  w i th-

o u t  a d d re ssin g  o th e r  p o ten t ia l  so u r ces) .

ROLE OF HOUSE DUST IN EXPOSURE 
TO OTHER CHEMICALS

L es t on e  be l iev e tha t ,  b ecau se  of  i t s  p ast  in d o or  u se ,  l ead  is  a  u n iqu e

case ,  o th e r  s tu d ie s  h av e  su g g es ted  s im i la r  r e la t io n sh ip s  b e tw een  ex p o-

su r e  to  h o u se  d u s t  an d  th e  b o d y  b u r d en s  o f  o th e r  p e r si s te n t  c o n tam i-

n an ts .  F o r  e x am p l e ,  B u c h e t  e t  a l .  ( 1 9 8 5 )  r e p o r te d  a  r e la t io n sh ip

b e tw een  h an d  d u s t  an d  u r in a r y  lev e l s  o f  a r sen ic  an d  cad m iu m  in  a  p o p-

u l a t i o n  n e a r  a  B e lg i an  sm el te r.  L ik e w ise ,  in  th e  U n i ted  S ta te s ,  P o l i ssa r

e t  a l .  ( 1 9 9 0 )  fo u n d  a  s im i la r  r e la t io nsh ip  b e tw een  a r sen ic  in  h an d  d u st

an d  ur ina r y  a rsen ic  lev e ls .  D av ies  e t  a l .  ( 19 8 5)  r e la ted  th e  h igh  lev e ls  of

o rg ano chlo r ine  p est i cid es in  se r um  of  a  West  I n d ies  p o p u la t io n ,  w i th

the  h ig h  leve l s  o f  the  p est i cid es f ou n d in  h ou se  d u st.  War nick  (1 97 2)

a l so  r ep or ted  a  p o si t iv e ,  a l th o u g h  n o t s ta t i s t i ca l ly  s ig n i ® c an t ,  a s so c ia-

t io n  b e tw e en  p es t ic i d es  in  h o u se  d u s t  an d  s e r u m  in  U tah  r es id e n ts ,  a n d

B u r ns  an d  M i l le r  (1 9 7 5 )  r ep or ted  an  asso c ia tio n  w i th  h ex ach lor o b en-

ze n e  in  h o u se  d u st  an d  s e r u m  in  a  L o u isi an a  p o p u la t io n .  M cC l an a h an

( p erso na l  co m m un ica t io n ,  1 9 9 6 )  r ep o r ted  th a t se r u m  P C B  lev e l s  in  a

M iss i ss ip p i  p o p u la t io n  w er e  b e t te r  co r r e la ted  w i th  in te r io r  su r f ace
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w ip e  s am p les  th an  w i th  so i l  c o n cen t r a t io n s o r  o th e r  en v i r o n m en ta l

m e d ia .  A lth o u g h S te r n  e t  a l .  ( 1 9 9 2)  r ep o r ted  an  asso c ia t io n  b e tw een

ch r o m i u m  le v e l s  in  h o u se  d u s t  a n d  u r in e ,  su b se q u en t  r ed u c t io n  in

ch r o m iu m  lev e l s  in  th e  h o u se  d u st  d id  n o t  p r od u ce  a  r edu c t io n  in  u r i-

n a r y  ch r o m iu m  lev e ls  ( F r eem an  e t  a l . ,  1 9 9 5 b ) .  T h is  m ay  ha ve  b een  d u e

to  th e  m a r g in a l  in c r ease  in  th e  re p o r te d  u r in a r y  ch r o m iu m  lev e l s  co m-

p ar e d  w i th  b ack g r o u n d  c o n cen t ra t io n s in  u r in e .

A lth ou g h such  ev iden ce i s  su gg estiv e o f  a  l ink  be tw een  ex po su re  to

d u st  a n d  b o d y  b u r d en s,  f ew  stu d ies  d esig n ed  to  t e s t  th i s  h y p o th es i s

sp ec i ® c a l ly  h ave  b een  pe r f or m ed to  d a te .  T her e  a r e ,  h ow ev er,  n u m e r o u s

stu d ies  th a t  h av e  r ep o r ted  a  l ack  o f  a  r e la t io n sh ip  be tw e en  ex te r io r  so i l

l ev e l s  an d  b od y  b u rd en s.  I t  i s  o u r  v ie w  th a t  m o d e ls  th a t  r e ly  p r im ar i ly

o n  so i l  co n tac t an d  in g est io n  as  th e  so le  o r  p r im ar y  ex p o su r e  pa th w ay

f o r  so i l - b o u n d  co n tam in an ts  m a y  b e  e r r o n eo u s.  I n  ad d i t io n  to  th e

resu lt s  o f  th e  T hr ee  Ci ty  S tud y c it ed  pr ev iou sly  f or  l ead  (We i t z m a n  e t

a l . ,  1 99 3; U .S . E PA , 19 95b) ,  the  CD C  failed  to  ® n d  e lev a ted  P C B  b o d y

b u rd en s in  a  do zen  p o pu la t io n s ex p o sed  to  so il  P C B  lev e ls  a s  h ig h  as

13%  (K im broug h, 199 5) . A sim i lar  lack  o f  e lev a t io n  in  av e rag e  P C B

se r u m  co n ce n t r a t io n s  h as  b een  r ep o r ted  f o r  g a r d en e rs  w o r k in g  w i th

P C B - co n tam in a ted  sew age  s lud g e ( B ak er  e t  a l . ,  1 98 0 )  o r  fo r  o the r  ex p o-

su r es  in v o lv in g  co n ta m in a ted  so i l s  ( M i l le r  e t  a l . ,  1 9 9 1 ;  Ya f f e  an d

R e e d e r, 1989).  A l th o u g h  th e  p ic tu r e  i s  fa r  f r o m  co m ple te ,  th e  d a ta

su g g est  th a t  r em ed ia t io n  o f  ex te r io r  su r face  so i l  m ay n ot  e lim in a te

ex p o su r e  an d  th a t ,  in  m an y  ca ses ,  c lea n in g  h o m es o f  d u st  m a y  p r o d u ce

ex cel len t  r e su lt s  a t  a  f r act io n  of  th e  co st o f  r em ed iat in g  th e  s i t e .

COMPOSITION OF HOUSE DUST

H ou se  d u st i s  a  h e ter o gen o us m ix tu re .  A nu m ber  o f  sou rces co ntr ibu te to

th is m ix ,  inc luding  tracked- in  or  re suspended so il  pa r tic le s,  c lo th ing ,

a tm o sph er ic  d epo si tion  o f  pa r t icu lates ,  ha i r,  ® b e r s  (a r t i ® c i a l  an d  n a t-

ura l) ,  m olds,  po llen ,  alle rgens, b acter ia ,  v iru ses,  ar throp ods, a sh , soot ,

a n i m a l  f u r  a n d  d an d e r,  sm o ke , sk in  p a r t ic le s ,  coo kin g  and  h ea ting

residues,  and  bu ild ing  com ponents  am ong o thers  (L io y  et  al . ,  1993) .

Va r ious re sea rch er s h av e exam in ed  th e con tr ibu t ion  of  ex te r ior  so il  to

in ter io r  du st s  ( S tan ek  an d  Ca lab rese,  19 9 2;  F e r gu sso n  an d  K im , 1 99 1;

C am an n and  H ar ding ,  1 98 9;  T ho rnton  e t  a l . ,  19 85 ; H aw ley, 1985) . T hese

stu dies  sug gest th a t app rox im ately  5 0%  o f  h ou se  du st o r ig in ates  f r om

exter ior  so il (Table 2) , a lth oug h a g ood  dea l of  addi tio nal  data a re need ed

to  gain  con ® d ence  in  th is  v alue .

T h e  im p or tan ce  of  ex te r ior  so i l  to  th e c reat ion  o f  in te r io r  d u st i s

i l lu sted  b y  th e w o rk  o f  Ro ber t s  e t  a l .  (1 99 0) ,  in  w h ich  th e  am o un t of

lead  fo u nd  in  ca rp e t  w as r ed u ced  b y  9 0 %  o r  m o re  b y  th e s im p le ex p ed i-

en t  o f  rem o ving  sho es o r  u sin g  w a lk -o ff  m ats .  S im i la r ly,  T h a t ch e r  an d

L ay to n  ( 1 9 9 5 )  d em o n s t r a te d  th a t  t h e  d u s t  m ass in  a  h o m e d ec l i n es  a s
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o n e  m o v es f r o m  th e  en t r y  w ay  th r o ug h  th e  h om e in  re la t io n  to  th e  t r a f-

® c  p a t te rn s .  T h ese  r e se a r ch er s  a l so  co n c lu d ed  th a t  th e  w a l l s  o f  a  h o u se

p r esen t  l i t t l e  b a r r ie r  to  th e  p en e t ra t io n  o f  so i l  p a r t i c le s  r e su sp en d ed  in

o u ts id e  a i r.  I t  i s  u nc lea r  w h e th e r  th is  w as du e  to  o p en  d o or s ,  o p en  w in-

d ow s, o r  s im p ly  m isce l laneo us l eaks.  N o n eth e less ,  th e ex te r ior  so i l

ap p ea rs  to  s e r v e  in  m an y  case s  a s  a  r e se r v o i r  f r o m  w h ich  co n tam in a-

t io n  m ay  be  ca rr ied  in to  th e  ho u se an d  to  p ro vid e on -g o in g  ex p osu re  to

r e s i d e n ts  t h r o u g h  d u st .

CHARACTERISTICS OF HOUSE DUST THAT 
INFLUENCE EXPOSURE POTENTIAL

S e v er a l  ch a r a c te r i s t i c s  su g g e s t  t h a t  co n ta m in a te d  h o u se  d u st  m a y  p r e-

sen t  a  g r e a te r  h az a r d  to  r e sid en t s  th a n  co n t am in a te d  so i l .  T h e  k ey

issues ap p ears  to  b e  ( 1)  p a r t i c le  s ize  d i s tr ibu t io n ,  ( 2 )  th e  co n cen t ra t ion

o f  co n tam inan ts  in  d ust  r e la t ive  to  ex te r io r  so i l s ,  (3 )  ® n e  p a r t i c l e

e n r i ch m e n t ,  a n d  ( 4 )  b i o a v a i l a b i l i t y  o f  t h e  f i n e  v e r su s  t h e  l a r g e r

p a r t i c l e s .

Dust Particle Size Distribution

H o use  d u st i s  co m p o sed  o f  sm al le r  p a r ti c les  th an  so i l .  F or  ex am p le,

B or n sch ien  et  al .  (1 9 88 )  r ep o r ted  th a t 8 2%  of  ex te r io r  so il  in  th ei r  s tud y

a r e a  w a s l a r g e r  t h a n  1 5 0  m m  i n  d ia m e t e r,  w h ereas R o ber t s  e t  a l .  ( 19 91 )

f ou n d  th a t o n ly  5 0 %  o f  ho u se  d u st  ex ceeded  th i s  d iam ete r.  M o st  im po r-

tan t ,  D u g g a n  e t  a l .  ( 1 9 8 5 )  r ep o r ted  th a t  g r ea te r  th an  9 9 %  o f  d u st  o n  th e

h an d s  o f  ch i ld r en  w as l e ss  th an  1 5 0  m m  in  d ia m et e r,  and ,  in  fact ,  98%

w a s  l e s s  t h a n  1 0  m m  in  d ia m et e r.  S im i la r  ® n d in g s of  th e  s ize  d is tr ib u-

t io n  of  han d  du st  w er e  rep or ted  b y  B o r nsch ien  e t  a l .  ( 19 8 8) ,  D u gg an

and  I nsk ip  (1 9 85 ) ,  an d  Q u e  H ee  e t  a l .  ( 19 85 ) .  In  add it ion  to  b e in g  m o re

m o b i le ,  a s  su g g e sted  b y  th e  in f lu en ce  o f  s ize  o n  d e p o si t io n  ra te s

( T h a tch e r  an d  L ay to n ,  1 99 5 ) ,  th e  ev id en ce  su g g est s  th a t  ® n e  p a r t i c le s

ad h er e  to  sk in  m or e  e f f ec t iv e ly  thu s in c r easin g  ex p o su r e  p o ten t ia l

(K issel e t  al . ,  1996 ; F in ley  et  a l . ,  1 994) .

Table 2. E st im a te s o f  t he  r e la t iv e  co n tr i bu t ion  o f  ex t er i o r  so i l  to  ho use  du st

I n v es t i g a t o r %  D ust  f r om  S oi l

H aw ley  ( 1985) >80

T h or n ton  e t  a l .  ( 19 85) 2 0

C a m an n  a n d  H a r d i n g  ( 1 9 8 9 ) 5 0

F e r g usson  and  K im  ( 19 91 ) 30 ±5 0

C a lab r e se  an d  S t an ek  ( 1 99 2 ) 20 ±7 8
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Dust/Soil Contaminant Ratios

I n  g en e r a l ,  th e  co n c en t r a t io n  o f  c o n tam in an ts  ap p ea r s  to  b e  g re a te r  in

h ou se  du st r e la t iv e  to  ex te r ior  so i l .  F o r  exam p le ,  the  du st /so i l  r at io  f or

lead  ran g es f ro m  0 .3  to  9 .2  in  s tu d ies  con d u c ted  bo th  in  E u r op e  an d

N o r t h  A m erica (AT S D R , 19 95 ; U .S . E PA , 1 99 5b , K im br ou gh  et  al . ,

1 9 9 5 ;  M D H ,  1 9 9 5 ;  C a m b r a  an d  A lo n so ,  1 9 9 5 ;  B o r n sch i en  e t  a l . ,

1 99 1a ,b ; H o w el ls  an d  T h orn ton ,  1 99 1;  C D H , 19 9 0;  T h or nto n  et  a l . ,

1 9 9 0 ;  D av ies  e t  a l . ,  1 9 9 0 ;  M o ff a t ,  1 9 8 9 ;  B o r n sch ien  e t  a l . ,  1 9 8 8 ;

S chi l l in g  and  B a in ,  1 98 8 ;  D av ies  an d  T h or n to n ,  1 9 8 7;  H arp er  e t  a l . ,

1 98 7 ;  T h or n to n ,  1 98 6 ; B o r nsch ien  e t  al . ,  19 8 6;  P anh an dle  D ist r i c t ,

1 9 8 6 ;  D u g g an  a n d  I n sk i p ,  1 9 8 5 ;  A n g l e  e t  a l . ,  1 9 8 4 ;  C u l b a r d  an d

Jo hn son , 19 8 4;  C u lb a rd  e t  a l . ,  19 83 ;  S ta r k  et  al . ,  19 8 2;  D iem el e t  a l . ,

198 1; A n gle  an d  M cIn ti re ,  19 7 9;  Yank el  e t  al .,  19 77;  L epo w  et  a l . ,  1 97 5;

A ng le  e t  a l . ,  19 74 ; R o ber t s e t  al . ,  1 97 4) .  T h e lead  lev el s  in  ho use  d ust

a r e  ty p ic a l ly  g r ea te r  th a n  th o se  in  ex te r io r  so i l s  in  m o st  s tu d ie s  in

w h ich  sa m p les  f r om  b o th  co m p ar tm en ts  w er e  co l lec ted  an d  an a ly zed

(Tab le  3 ) .  M in ing  o r  sm el tin g  a r eas  w er e  m o r e  l ik e ly  to  h av e  an  e le-

v a ted  con cen t r a tio n  o f  con tam inan ts  in  so i l  co m p ar ed  w ith  th e  co n cen-

t r a t io n  in  d u st s .  H o w ev er,  in  such  cases ,  th e  con cen tr a t io n s o f  lead

f o u n d  in  h o u se  d u st  w er e  u su a l ly  m u ch  h ig h er  th an  th e  l ev e l s  f o u n d  in

h o m es  f r o m  n o n ±so u r ce  d o m in a ted  a r eas .

A sim i la r  r e la t io n sh ip  b e tw ee n  d u st  an d  so i l  co n cen t r a t io n s h a v e

b een  rep o r ted  f o r  o th e r  co ntam in an ts  in c lu d in g  cad m iu m  ( M D H , 1 9 95 ;

AT S D R, 19 95 ; B o rnschien  e t  al . ,  1 99 1a ; C D H , 1 99 0;  H ar per  e t  al . ,  1 98 7;

C ulba r d  and  Jo hn son , 19 84 ; C ulba r d  et  a l . ,  19 83 ; M oo rc r of t  et  a l . ,  19 82 ;

T h o r n to n  e t  a l . ,  1 9 8 0 ) ,  co p p er  ( H a r p er  e t  a l . ,  1 9 8 7 ;  C u lb a r d  an d

Jo h nso n , 19 8 4 ) ,  z inc  (H ar per  e t  al . ,  1 9 8 7;  Cu lb a rd  an d  Jo h n son , 1 98 4 ;

M oo rc ro f t  e t  al . ,  1 98 2 ; T ho rn to n  et  a l . ,  1 98 0) ,  pesti c id es (F o r tm ann  e t

al . , 19 91; Bu dd et al . , 199 0; Yeh  et  a l . ,  1 97 7;  D av ies  e t  a l . ,  1 97 5) ,  and

p olyn u clea r  a ro m at ic h y dr oca rb o ns ( R ob er t s  e t  a l . ,  1 99 3 ) .  A rsenic,  on

th e o th er  h and , ty p ica l ly  d i sp lay s a  d u st / so i l  ra t io  o f  l e ss  than  1 .0 ,

a l th o u g h  a  f ew  stu d ies  h av e  r ep o r ted  h ig h er  a r sen ic  l ev e l s  in  h o u se

d u st th an  so i l  ( F r eem an  e t  a l . ,  1 9 9 5a ;  B o r nschien  e t  a l . ,  1 99 1 a ,b ;  C D H ,

1 9 9 0;  C u lba r d  an d  Jo h n so n , 1 9 84 ) .  F ina l ly,  C a lab rese  e t  al .  (1 98 9)

r ep o r ted  th e  f o l low in g  d ust / so i l  r a tio s  f o r  va r iou s c r u sta l  e lem en ts  in

M assach u se t t s :  a lu m in u m  ( 0 .7 ) ,  t i t an iu m  ( 1 .4 ) ,  b a r iu m  ( 1 .4 ) ,  m an-

ganese (0 .7 ) ,  v an ad iu m  (0 .8) ,  y t tr ium  (0 .7) ,  an d  z ir co niu m  ( 1 .0 ) .  F r om

th e  av a i lab le  d a ta ,  i t  i s  c le a r  th a t  th e  co n ce n t r a t io n  o f  co n tam in a n ts  in

h ou se  d ust  of ten  m ay b e  gr ea te r  th an  ex te r ior  so il  l ev e l s  by  a  fac tor  of

1 .5  to  6 .0  ( T ho rnto n  e t  a l . ,  1 985 )  and  o ccasio na lly  can  exceed  the  co n-

cen tra tions fo und  in  ex ter ior  so ils  by  factors  of  u p  to  10 . S uch  d i f fe r-

ences,  in  m an y cases ,  co uld  s ig n i ® c a n t ly  in ¯ uence th e o utcom e of  exp o-

su r e  a s se ssm en t s  w h e n  a l l  r e lev an t  f a c to r s  a r e  t ak e n  in to  a cco u n t .



348 D. J. PAUSTENBACH ET AL.

Fine Particle Enrichment

T h e  d a ta  a re  f a ir ly  co n vin cin g  th a t h o use  d u st i s  co m p osed  o f  a  h igh er

p er centage  o f  ® ne  p ar t ic le s th an  is  ex te r io r  so il .  I n  add i tio n  to  in¯ u -

en ces o n  m o b i li ty  an d  adh er ence ,  th is  a l so  m ay  be  im po r tan t  in  t e rm s of

th e  ab so lu te  co n cen t r a tio n  o f  co n ta m in an t  f o u n d in  th e  h o use  d u st .  F o r

ex am ple ,  v a r io u s s tu d ies  ( D u gg an  e t  a l . ,  1 9 9 5 ;  S tu r g es an d  H ar r i so n ,

19 85 ; Q u e H ee  et  al . ,  1 98 5; R un dle,  19 84 ; B igg in s and  H ar r iso n ,  19 80 )

h av e  r ep o r ted  th at  the  l ead  leve l s  in  d u st  f ro m  d i f f e ren t  so ur ces (e .g . ,

s t r ee t s ,  p lay g r o u n d s,  ho m es )  in c re ased  as  p a r t i c le  d ia m e te r  d ec r eased

f ro m  5 0 0  to  gr ea te r  than  6 3  m m ,  a l th o u g h  th e  in v er se  r e la t io n sh ip

b e tw een  lead  co n cen tr a t ion  and  pa r t i c le  s ize w as n o t  seen  in  d a ta  co l-

lected  in  N ew  Je rsey  h om es ( Wan g  e t  a l . ,  1 9 9 6 ) .  O th e r  r e sea r ch er s  hav e

r ep o r ted  s im i la r  ob se rv a t io n s f or  o th er  m e ta l s ,  in c lud ing  lead ,  a r sen ic ,

m an g an e se ,  co p p er,  ch r o m iu m , an d  cad m iu m  ( C a labr ese ,  p er so n a l co m-

m un ica t io n ,  1 9 96 ; M u ll ins  and  N o r m an,  1 9 94 ;  Va n  B o rm  e t  a l . ,  19 88 ;

S p i t t l e r  a n d  F e d e r,  1 97 9 )  and  p estic ides ( C a lab rese ,  p e rso n al  co m m u ni-

cat ion )  in  d ust  and  so il .  A l th o ug h  ad d it io n a l  r e sea r ch  i s  n eed ed , i t

ap p e ar s  p r u d en t  to  a s su m e  t h a t  th e  sm a l l e r  p a r t i c le s  in  h o u se  d u st  m ay

co n ta in  a  h ig h er  co n cen t r a t io n  of  co n tam in an ts  th an  th e  co a r se r  ex te-

r ior  so il  p ar t ic les  (pe r  gr am  of  par tic le s) .

Bioavailability of Fine Particles

N e ar ly  a l l  av a i lab le  d a ta  in d i ca te  th a t  ® n e  p a r t i c le s  o f  h o u se  d u st  a r e

m o r e  b ioa v a i la b le  th an  so il  p a r t i c le s ,  a l th o u g h th e  in c r ease  d ep en d s o n

Table 3. S ur vey  o f  p ub l ished  v a lu es th a t  p r e sen t  t he  r a t i o  o f  th e

con cen t r at io ns o f  le ad  in  ho use  d us t  co m par ed  to  the  

con cen t r at ion  i n  ex te r io r  so i l

L ocat ion D u s t  ( pp m ) S oi l (ppm ) R a t i o S o u r ce

U K 5 0 7 2 3 0 2 . 2 H ar pe r  e t  a l . ,  1 98 7

U K 5 6 1 2 8 9 1 . 9 T h or n ton  e t  a l . ,  19 90

U K 1 ,263 4 8 6 2 . 6 C u l ba r d  e t  a l . ,  1 98 3

U K  (L ondon) 1 ,010 4 3 0 2 . 3 T h or n ton  e t  a l . ,  19 90

U K  ( D er b ysh ir e ) 1 ,870 4 ,3 90 0 . 4 T h or n ton  e t  a l . ,  19 90

U K  ( S h ip h am ) 1 ,185 3 ,8 29 0 . 3 T h or n ton  e t  a l . ,  19 90

N e t h e r l a n d s 9 5 7 2 4 0 3 . 9 D iem el  e t  al .,  19 81

C a n a d a 7 1 3 9 9 7 . 2 R o be r ts  e t  a l . ,  1 974

C a n a d a 1 ,550 1 ,7 15 0 . 9 R o be r ts  e t  a l . ,  1 974

S p a i n 5 9 5 1 3 6 4 . 4 C a m b r a  a n d  A lonso,  1995

U S A (CT) 11 ,000 1 ,2 00 9 . 2 L epow  e t  a l . , 1975

U S A (IL) 1 ,283 4 5 0 2 . 9 K im b r ou gh  e t  a l . ,  199 5

U S A (MA) 1 ,094 7 0 7 1 . 5 U .S .  E PA , 1995b

U S A (M D ) 1 ,334 2 3 1 5 . 8 U .S .  E PA , 1995b

U S A (M O ) 6 0 8 5 9 9 1 . 0 M D H , 1 99 5
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m an y  fac to r s .  F o r  ex am p le ,  H ea ly  e t  a l .  ( 1 9 8 2 )  sho w ed  th a t  a s  th e  p a r-

ti cle  s ize of  lead  su l ® d e inc r eases f ro m  3 0  to  1 0 0  m m ,  th e  l en g th  of  t im e

r equ i r ed  to  d isso lv e  th e  p a r ti c le s  in  g ast r ic  ¯ u id  d ou b les .  S im i la r ly,

B ar l tr o p  and  M eek s ( 1 97 9 )  rep o r ted  th a t  b lo o d  lead  lev e l s  in  r a t s

d ec l in ed  a s  th e  l ead  p a r t i c le  s ize  in c r eased ,  in d ica t in g  th a t  l a r g e  p a r t i-

c le s  a r e  l e ss  b io av a i lab le  th an  sm al l  o n es.  T h is  p h en o m en o n  h as  b een

rep or ted  fo r  o th e r  chem ica ls  on  so i l  ( P au stenb ach  e t  a l . ,  19 92 a ,  19 9 7) .

T his  o b se r v a t io n  ( a lo ne )  su g g est s  th a t  h ou se  d u st ,  becau se  of  s ize

a lo n e ,  o f te n  m ay  b e  a  m o r e  im p o r tan t  co n t r ib u to r  to  ab so r b ed  d o se  th an

exter io r  so il s .

T h er e  a r e  c h a r ac te r i s t i c s  o f  d u st  th a t  m a k e  th i s  ex p o su r e  p a th w ay  o f

in te r est  in  co nd u c t in g  r isk  a ssessm ents .  F i rs t ,  50 %  (o r  m o r e )  o f  h o u se

d ust  or ig in ates  f r om  exte r io r  so il ,  so  th e  pr esen ce  of  co n tam in a ted  so il

w i l l  r e su l t  in  co n tam in a t ed  h o u se  d u st  an d  an  ad d i t i o n a l ,  g en er a l ly

u n a s se sse d  e x p o su r e  p a th w a y. T h e  d ust  co n ta in s  a  h ig her  p ro p o r t io n  of

sm all  p ar t ic le s  and , a s  a  co nseq u ence ,  i s  m o r e  m o b ile ,  m or e  easily

in g e sted  o r  r e sp i r ed ,  an d  p o sse sse s  b e t t e r  sk in  ad h er en c e  p r o p er t i e s

th an  ex te r io r  so i l s .  H en ce ,  d u st  p a r t i c le s  co m e  in  co n tac t  w i th  h u m an s

m or e  easi ly  (an d  of ten )  th an  so i l  p a r t i c le s .  T h e  con tam in an t  l ev e l s  in

h o u se  d u st  a r e  o f ten  h ig h er  th an  th o se  i n  th e  e x te r io r  so i l ,  a n d  th ese

co n ce n t ra t io n s m a y  b e  h ig h er  in  th e  ® n e st  p a r t i c le s ,  so  t h e  a ssu m p t io n

th a t  c o n tam in an t  l ev e l s  in  h o u se  d u st  a r e  s im i la r  in  c o n cen t r a t io n  o r

b eh av ior  to  th ose  in  so i l  u su a l ly  w i l l  u n d er est im a te  ex po su r e ,  d ep en d-

ing  o n  th e  q ua l i ty  o f  h o usek eepin g .  A s th e  co n t am in an ts  o n  ® n e  p a r t i-

c le s  a r e  m o r e  eas i ly  a bso rb ed ,  ex p o su r e  to  co n tam in a ted  h o u se  d u st

m ay  r esu l t  in  an  in c r eased  a bso rb ed  d o se  r e la t iv e  to  e xp o su r e  to  co n ta-

m in a ted  so il s .  O n e  m ig h t  a s sum e ,  in  l ig h t  o f  th i s ,  th a t  so i l  rem o v a l o r

s tep s to  p rev en t d ir ect  co n tact  w ith  so il  (e .g . ,  v ege ta t iv e co ver  o r  p hy si-

ca l  b a r r ie r s)  sh o u ld  e l im in a te  th e  d u st  p r o b lem  a l to g e th e r,  p a r t i cu l a r ly

i f  the  so ur ce  o f  th e  co n tam in a tio n  i s  th e  so i l  a lo ne .  T her e  a r e  r easo ns,

h o w ev e r,  w h y  th i s  m igh t  n o t  b e  so .

INDOOR ENVIRONMENTAL FACTORS

P o l lu tan t  b eh av io r  i s  d i f f e r en t  in  th e  in d oo r  en v i ro n m en t  co m p ar ed

w i th  th e  o u td o o r  an d  t h i s ,  in  tu r n ,  in ¯ u en ce s th e  ex p o su r e  p o ten t ia l  to

co n tam in a n ts  in  h o u se  d u s t  an d  so i l .  F o r  e x am p le ,  c o n ta m in an t s  in

ex ter io r  so ils a re subject to  both  b io tic ( i .e . , m icrob ial)  and  ab io t ic ( i .e .,

p h o to ly si s ,  h y d ro ly si s)  d eg r ad a tio n ,  a g in g ,  or  d i sp e r siv e  inf lu en ces

( e .g . ,  w ind ,  r a in )  th a t  co n tr ib u te  to  red u c t io n  in  co n tam in an t  co n cen-

t ra t io n s and  lo ss  of  av a ilab i l i ty.  I t  h as  b e en  d em o n s t r a t ed  t h a t  b io av a i l-

ab i l i ty  v a r ie s  w i th  th e  ch e m ica l  f o r m  o f  in o r g a n ics  ( B a r l t r o p  an d

M eeks ,  19 7 5 ; B ar l t ro p  and  M eeks,  1 9 7 9)  and  tha t  the  ch em ica l f o rm  of

so i l  co n tam in an ts  ch an g es o v er  t im e , u su a l ly  in  t e r m s of  d ec r easin g

a v a i l ab i l i ty  ( D a v is  e t  a l . ,  1 9 9 3 ;  D av is  e t  a l . ,  1 9 9 2 ) .  N u m e r o u s
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r e sea r ch er s  h a v e  d e m o n s t r a te d  th a t  m e t a l s  in  so i l  a r e  l e ss  b io av a i la b le

than  th e  m e ta l  sa l t s  (D av is  e t  a l . ,  1 9 9 3;  R u b y e t a l . ,  1 9 92 ;  D av is  e t  al . ,

1 99 2 ;  F r eem an  e t a l . ,  1 9 9 2;  C h an ey  e t  a l . ,  19 8 9) .  F o r  ex am p le ,  C han ey

e t  a l .  (1 9 8 4)  r ep o r ted  th a t l ead  ace ta te  f r e sh ly  ad d ed  to  so i l  w as l e ss

b io av a i la b le  th an  le ad  ace ta te  a lo n e ,  a n d  th e  b io a v a i lab i l i ty  f u r th e r

d ec r eased  w i th  t im e . T h e  ad di t io n  of  o r gan ic  an d  in o r g an ic  m a te r ia l s  to

so i l  ha s  b ee n  su g g ested  as  a  so il  t r ea tm en t  to  red u ce  th e  b io av a ilab i l i ty

o f  l ead  to  p la n t s  an d  g r az in g  an im als ,  an d  th e r e  i s  so m e  ev id e n ce  th a t

i t  is  e f fec tiv e (Z im dah l an d  F oster,  1 9 7 6 ;  E d w ar d s an d  C lay,  197 7) .  In  a

r ece n t  r e v iew,  A lex and er  ( 19 9 5 )  fo u nd  th a t s im i lar  p r ocesses  in ¯ u e n c e

th e  av a ilab i l i ty  o f  o r gan ics .  E v en  th o ug h  th e  ab so lu te  co n cen t r a tio n s

m ay  r em ain  r e la t ive ly  co n stan t ,  o r g an ic  ch em ica l s  beco m e in c r easing ly

dif ® cu lt  to  ex tract  ch em ica lly  f r om  so il  ove r  t im e  (o f ten  cal led  w e a th e r-

i n g) .  T h ei r  av a ilab i li ty  to  so il  m ic ro -o rg anism s a l so  d ecr eases  a s do es

the ir  tox ic i ty  to  v a r io u s spec ies .

B ecau se  th e  in d o o r  en v i r o n m e n t i s  ch a rac te r ize d  b y  l im i ted  su n l ig h t ,

r e la t i v e l y  c o n s tan t  t e m p e r a tu r e  a n d  lo w  h u m i d i ty,  n o  w ind  or  ra in  d i s-

p er sio n ,  a co m p ara tiv ely  lo w  m icr ob ial  p op ula tion ,  an d  a lack  o f  reac-

t iv e  su r f aces,  th e  sam e  d egr ad a t iv e  o r  a g in g  pr o cesses  th a t  a r e  e f f ec t iv e

a t  rem o v a l  or  r ed uc t io n  of  co n tam in an ts  ou t s id e  d o  n o t  o pe ra te  o r  th ey

o p er a te  a t  a  m u ch  r ed u ced  e f ® c ien cy  in do o r s .  T his  can  b e  d em o n st ra ted

th r o u g h  th e  o b se r v a t io n  th a t  p e st i c id e  r e sid u es  f r o m  sim u l t an eo u s

ind o or  an d  o u td o or  ap p licat ion  can  b e f ou n d ind o or s  lo ng  a f te r  th ey

h ave  v anish ed  f ro m  th e  ou ts id e  (L ew is e t  a l . ,  1 9 91 ;  L o n g,  u n p ub l ish ed

ob ser va tion ,  19 95 ) .

C o n tam in a n ts  in d o o r s  a l so  a re  p r o te c ted  f r o m  d e g r ad a t io n  b y  th e

ex is ten ce  o f  nu m er o u s ª t r ap sº  w i th in  th e  h o m e , p a r t icu la r ly  ca r p e ts ,

d rapes,  and  up h olste ry  (R o ber t s  et  a l . ,  1 99 5 ) .  D av ies  e t  a l .  ( 19 8 5)

r ep o r te d  th a t  th e  l ead  d u st  lo ad in g  in  ca r p e t  w as  th e  s in g le  b es t  p r ed i c-

tor of  ch ildren’ s  b lo od  lead  leve l s ,  an d  r u g  lead  co n cent r a tio n  an d  lo ad-

ing  a re  ty p ica l ly  co rre lated  w i th  l ead  leve ls  in  f ou nd a tion  so il ,  y a rd  so il ,

an d  in do o r  p a in t ( F o r tm an n  e t  a l . ,  19 9 1 ;  R o b er t s  e t  a l . ,  1 99 0 ) .  In  re su l t s

repo r ted  by  L ew is e t  a l .  (1 99 1) , 20  of  3 1  tar ge t p esti cides,  inc lu ding

so m e o u t  o f  use f o r  m o re  th an  2 0  y ea r s ,  w ere  d e tec ted  in  ca r p e t d u st ,

o f ten  in  the  pa r t  p e r  m i l l io n  lev e l.  T h e  o ld e r  th e  h o m e and  r u g ,  th e

m or e  p esti c ides w er e  fo u n d.  N or m al  c leanin g  do es n o t m ar ked ly  or

q uick ly  redu ced  these l ev e ls  (H ilt s  et  a l . ,  19 95 ; Wan g e t a l . ,  1 99 5) .

R o ber ts  e t  a l .  ( 19 9 3)  r epo r t  th a t a yea r  or  m o re  o f  no r m al  c lean in g  i s

n e c es sa r y  t o  r em o v e  t h e  d u s t  r e se r v o i r  th a t  a cc u m u la te s  in  r u g s ,

a l th o ug h  E w er s e t  a l .  (1 9 94 )  f ou n d  tha t  c lean in g  w as g ener a lly  in e ff ec-

t iv e  in  r ed uc in g  th e  l ead  lev e l s  in  chr o n ica l ly  co n ta m in a ted  ca r p e t  an d

r eco m m en d ed  r em o v a l  a s  a  m ean s to  r ed u c e  ex p o su r e .  T h e  im p o r ta n ce

o f  car p e t  d us t a s  a  sou r ce  o f  ex p o su re  is  f u r th e r  su p po r ted  by  th e  w o rk

o f  M i la r  an d  M ush ak  (1 9 8 2)  w ho  w er e ab le  to  e f f ec t  m ark ed  red uc t ion s

in  b lo od  lead  lev e ls  o f  ch i ld ren  thr ou gh  ru g  c lean in g .
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T h e  ex p o su r e  p o ten t ia l  f r o m  th ese  t r ap s  is  in c r eased  b y  n o r m al

h o u se h o ld  a c t i v i t i e s .  K a m e n s  e t  a l .  ( 1 9 9 1 )  r e p o r t ed  s i g n i f i c a n t

in c r eases  in  th e  le v e l  o f  su sp en d ed  p a r t i c le s  g r ea te r  th an  2 .5  m m  a s  t h e

resu l t  o f  ind oo r  ac t iv ity,  an d  T h a tch er  an d  L ay to n  ( 1 9 9 5 )  f o u n d  th a t

w a lk in g  ac r o ss  a  ro o m  in c r eases  th e  m ass o f  su sp en d ed  p a r ti c le s  b y

1 00 %  or  m o re .  T h e  size o f  the  m ost r ead ily  a f f ec ted  pa r t ic les  i s b e tw een

5  an d  2 5  m m , w hich  com po sed  82 %  of  th e in d oo r  pa r ti c le  m ass in  th e ir

s t u d y. M ost  c leaning  ac t iv it ie s  i ro n ical ly  in cr ease  the  l ike l ih oo d of

ex p o su r e  to  d u s t  an d  a n y  as so c ia ted  co n ta m in an t s .  M o s t  v acu u m  c lea n-

e rs  d o  n ot  t r ap  sm all  (< 2 0 m m )  p ar t ic le s  an d  w il l  s im p ly  r e -e n t r a in

them  in to  the  a ir  (E w er s e t  al . ,  1 9 94 ;  K am en s e t  a l . ,  19 9 1;  L efco e  an d

I ncu le t ,  1 9 75 )  f r om  w h ich  they  w il l  then  se tt l e  to  ex p osed  con tact  su r-

f aces d u e to  the i r  h ig h  r a te  o f  dep o sit ion  ( T h a tch er  an d  L ay to n , 1 99 5 ;

E w er s et  al . ,  19 94 ) .  G ulson  et  al .  (1 99 5)  repo r ted  a f ou rfo ld  in cr ease in

su r f ace  d u st  lo ad in g  a f te r  th e  ® r s t  c lean in g ,  a s  em b ed d ed  d u s t  i s  p u l led

f r o m  w i th in  th e  ca r p e t  an d  r ed ep o si ted  o n  v a r io u s su r f aces.  S im i la r

r esu l t s  w ere  rep o r ted  b y  E w ers  e t  a l .  ( 1 99 4 ) .  A s  s tu d i es  h av e  l in k ed  th e

r a te  o f  to uch ing  ob jec ts  and  su r faces a s  s ig n i ® c an t ly  r e la ted  to  e lev a-

tion  of  b lo od  lead  lev el s am o ng  ch ild ren  (R ob er t s et  al . , 199 3;  D avies  et

a l . ,  19 90 ) ,  su ch  co ntam in an t  cy c lin g  m ay  pr o du ce a  s ig n i ® c a n t  co n t r i-

b u t io n  to  th e  to ta l  ex p o su r e  am o n g  r es id en ts .

T h e  in d o o r  en v ir o n m en t a lso  m ay  co n t r ib u te  to  in c reased  exp o su r e

b eca u se  th e  lo w  h u m id i ty  th a t  ex i s t s  in  m o s t  in d o o r  en v i r o n m e n ts  p r e-

v en ts  p a r t i c le  co ag u la t io n  an d  co n d en sa t io n ,  m ak in g  i t  e asie r  to  r e su s-

p en d  p a r t i c le s  an d  in c r e ase  co n tac t  ( T h a tc h er  an d  L a y to n , 1 9 9 5 )  th an

i t  w o u l d  b e  o u td o o r s .  A t  t h e  s a m e  t i m e ,  l o w  h u m i d i t y  p r o m o t e s

in cr eased  ad h eren ce  of  p a r t ic le s  to  th e  sk in  o r  c lo th in g  th ro u g h e lec t r o-

sta ti c  a t t rac t ion  ( S ch n e ide r  e t  a l . ,  1 9 9 4;  K n u tso n , 1 9 9 2;  Q u e  H ee  e t  a l . ,

1 9 85 )  an d  an  in c r eased  p oten t ia l  f o r  abso r p tio n  o f  chem ica ls  th r o ug h

th e  c r ack ed , d r y  sk in  p ro d u ced  by  lo w  h u m idi ty  en vi r o n m ents  ( S hu  e t

al . ,  198 8) .

T h er e  i s  th u s a m p le  ev id e n ce  to  su g g es t  th a t  h o u se  d u s t  can  b e  m o r e

im p o r tan t  th a n  ex p o su r e  to  co n tam in a ted  ex te r io r  so i l s .  F i r s t ,  m o st

p eop le  sp en d m o st  o f  the i r  t im e  in do o r s .  I n  the  U n i ted  S ta tes ,  9 0 %  o r

m or e  o f  t im e  i s  spen t  in d o or s  and  l i t t l e  of  the  t im e  o utd o or s  i s  spen t  in

d i rect  (or  in d ir ec t)  co ntac t w ith  so il  (U .S .  E PA , 199 5a) . S econd, the

p o ten t ia l  e x p o su r e  to  in te r io r  d u s t i s  m u ch  g r ea te r  th an  f o r  ex te r io r

so il s .  T h is  i s e sp ec ia lly  t ru e  fo r  ch i ldr en  d ur in g  th e ag es o f  h ig h est

l ike ly  d ust o r  so il  ing estion  (1±4 yea rs  o f  age ) .  F or  instance ,  the  b lo od

lead  lev e ls  o f  m o st  ch ild ren  typ ica lly  p eak  b e tw een  ag es 2  an d  3  y ear s

( D u gg an ,  1 9 8 3)  an d  r e tu rn  to  b ack g r o u nd  b y  ag e  5 .  U nsu pe rv i sed  o u t-

d o or  p lay  i s  a l so  g ener a lly  th e  lo w est  du r in g  th i s  ag e  p e r io d ,  an d

m o uth ing  o f  n on fo od  i tem s i s ac t iv ely  d i scou rag ed  b y  ca regive rs .  T hi rd ,

h o use  d u st co n sis t s  o f  ® n e r  p a r t i c l e s  th a n  so i l  an d  th ese  ® n e  p a r t i c le s

a r e  m o r e  m o b i le ,  ad h er e  b e t te r  to  th e  sk in  o r  c lo th in g ,  an d  a r e  m o r e
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eas i ly  in g ested  o r  r e sp i r ed .  F o u r th ,  co n tam in an t  l ev e l s  m ay  b e  h ig h er

in  h o u se  d u st  th an  i n  th e  a sso c ia ted  so i l s  an d  m a y  b e  h ig h er  i n  th e

® n e r,  m o r e av ai lab le  f r ac t ion  of  du st .  F i f th ,  th e  in do o r  env i ro n m en t

a l so  p r o tec t s  r e sid u es f ro m  th e  d eg r ad a t ion ,  ag in g ,  o r  d i sp e rs io n  th a t

se rv es to  r ed uce  th e  l ev e ls  o r  av a i lab i l i ty  o f  co ntam in an ts  ou td oo r s .

F i n a l ly,  th e  n o r m al  ac t iv i t y  t h a t  o ccu r s  in  re sid u e s cau ses co n stan t

r esu sp en s io n  an d  se t t l in g  o f  c o n tam in an t s  f r o m  d u s t  t r ap s ,  r e su l t in g  in

a  h ig h er  f r eq u en cy  o f  co n tac t  w ith  co n tam in a ted  sur f aces an d  a  lon g er

d u r a t io n  o f  e x p o su r e  to  d u s t -b o r n e  co n tam in an ts  a s  a  r e su l t .  T h e  p r o-

tec t io n  and  cy cl in g  a f f or ded  b y  dw ell in gs pr ob ably  exp la in  th e  h ig her

lev e l s  an d  p e r si s ten ce  o f  co n tam in an ts  f o u n d  in  h o u se  d u st  co m p ar ed

w ith  th o se in  ex te r io r  so il .  T his  exp lain s  w h y  so i l  rem ed ia tio n  a lon e

m ay  b e  in su f ® c i en t  to  e l im in a te  ex p o su r e  to  co n ta m in an ts .

ASSESSING EXPOSURE TO HOUSE DUST

H a v in g  d em o n s t r a ted  t h a t  h o u se  d u st  i s  a  p o t en t i a l l y  im p o r ta n t  so u r c e

o f  exp o sur e ,  th e  pr ob lem  b eco m es h ow  best  to  a ssess  and  qu ant i fy  ex p o-

su r e .  E x p o su r e  to  c o n tam in an ts  co n ta in ed  in  h o u se  d u st  can  o ccu r

th r o u g h  se v er a l  p a th s ,  in c lu d in g  in h a la t io n  o r  sw a l lo w in g  an d  a b so r p-

t io n  o f  su sp en d e d  d u s t s ;  d e r m al  co n tac t  w i th  d u s t  an d  d u sty  su r f ac es

an d  su b seq u en t  ab so r p t io n  a c r o ss  t h e  sk in ;  in g es t io n  o f  d u st s  a s  th e

r esu lt  o f  han d - to - m ou th  ac t iv ity ;  o r  in g es tio n  as  the  r esu l t  o f  d u st

t ran sf e r r ed  f r o m  h an d s or  su rf aces to  f o od ,  d r ink ,  o r  o th e r  i t em s p laced

in  t h e  m o u t h .  U n f o r tu n a te ly,  to  th e  b est o f  o ur  k n ow led ge ,  n o  s tu d ies

h av e  be en  co n d u c ted  to  d a te  o r  a r e  u n d er  w ay  to  d e te r m in e  sp ec i ® ca l ly

th e  e x ten t  o f  co n ta m in an t  u p tak e  v i a  an y  o f  th ese  p a th w a y s.  T h e

o p p o r tu n i t ie s  f o r  id en t if y in g  an  ap p ro p r ia te  p o p u la tio n  fo r  s tu d ies  a r e

f e w  a n d  d e c r e as in g .  F u r th e r,  no  va lid a ted  m eth o ds  f or  a s sessin g  co n ta-

m in an t  u p ta k e  f r o m  h o u se  d u s t  cu r r en t ly  ex i s t  n o r  a r e  t h e r e  a n y

ac cep ted  e x p o su r e  d e f au l t  p a r am e te r s .

A m o n g  th e  i s su e s th a t  m u st  b e  r e so lv ed  b e f o r e  an y  su b st an t ia l

p r o g r es s  ca n  b e  m ad e  in  u n d er s tan d in g  t h e  s ig n i ® c ance o f  th is  ex po-

su r e  p a th w ay  i s  th e  a n sw er  to  t h e  q u es t io n ,  ª W h a t  co n st i tu te s  an

ap p r o p r ia te  d u st  s am p le? º  D u st  sam p l in g  g en e r a l ly  h as  r e l i ed  o n  tw o

m e asu r e s  to  a s se ss  co n ta m in a t io n  an d  ex p o su r e  p o t en t ia l :  co n ta m in a n t

lo a d in g  a n d  c o n tam i n an t  co n c en t r a t io n .  T h e  co n ta m in an t  co n cen t r a-

t io n ,  ty p ica lly  ex p ressed  as  m i ll ig r am s o f  ch em ica l  pe r  gr am  o f  d ust ,  i s

th e  m o r e  u se f u l  d o s im et r ic  f o r  a ssessin g  w h e th e r  co n ta m in a t io n  ac tu-

a l ly  ex i s t s .  T h e  co n ta m in an t  lo ad in g ,  ty p ica l ly  ex p ressed  as  m i l l ig r am s

o f  ch em ica l p er  sq u are  cen tim e te r  of  su r face  a rea ,  is  a  f un c tio n  of  th e

co n tam in an t  co n cen t r a t io n  (m g  ch e m ica l/g  d u s t)  an d  th e  am ou n t  o f

d u st  o n  a  co n tac t  su r f ace  ( g  du st /cm 2 su r f ace ) ,  an d  th i s  i s  p r o b ably  th e

m ost  ap pr o pr ia te m easu re  of  po ten t ia l  ex po su re  ( L io y  e t  a l . ,  1 9 93 ) .  A n y

d u s t  sam p l in g  p r o g r am ,  h o w ev e r,  sh o u ld  ev a lu a te  b o th .
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D u st  sa m p l in g  m eth o d o lo g ies  h av e  b een  in  u se  s in ce  th e  1 9 4 0 s b u t

a r e  c r u d e ,  u n sta n d ar d ized ,  an d  u n v a l id a ted .  S am p le s h av e  b e en  co l-

lected  usin g  a  v a r ie ty  o f  t ech n iqu es,  inc lu d in g  w ip in g  sur f aces w ith

t r e a t e d  p a p e r,  pap er  to w els ,  ® l t e r  p a p e r,  m oist  clo th ,  o r  d iap er  w ip es;

co llec ting  d u st u sing  tape ,  m ic ro scop e  s lid es ,  o r  P e tr i  d i sh es;  v acu u m-

in g  su rf aces ;  o r  s im p ly  em p ty in g  th e  h o u sh o ld  v acu u m  c lean er  an d

an a ly z in g  th e  co n ten t s  ( Wa t t  e t  a l . ,  1 9 8 3 ) .  T h er e  i s  n o  ag r eem ent  o n

w her e  or  ho w  m an y sam ples  sho u ld  b e co l lec ted .  A h ig h  d eg ree  o f  sam-

p lin g  va r iab i l i ty  ex is t s  b e tw een  ind iv id u a ls  co l lec t ing  sam ples ,  ev en

th o se  u sin g  th e  s am e  tech n iq u e .  P r o to co ls  f o r  in t r am eth o d  co m p ar i so n s

a r e  po o r  o r  l ack ing  a l tog e th e r.  L i tt le  in f orm at io n  ex is t s o n  th e co l lec-

tion  ef ® c i en cy  o f  th e  v a r io u s m e th o ds an d  th e  in ¯ uen ce  o f  p a r ti c le  s ize

o r  o th e r  p h y s ica l  ch a rac te r is t i c s  o f  h o u se  d u s t ,  a n d  ap p r o p r ia te  q u a l i ty

assur an ce  s tep s a r e  l ack in g  (C ap lan ,  19 9 3 ;  L an p h ea r  e t  a l . ,  1 9 9 5 ) .

O p p o r tu n i t i e s  f o r  r e sea r ch  in to  th ese  q u es t io n s ab o u n d  an d  so m e

p ro gr ess  h as  b een  m ade . F or  ex am p le ,  L ioy  et  a l .  ( 19 93 )  h ave  dev elo ped

a  d u s t  s am p le r  f o r  sm o o th  su r f ac es th a t  ad d r es ses  a n d  r e d u ce s m an y  o f

th e  so u r ces o f  v a r iab i l i ty  th a t  a f f ec t  o th e r  m e th o d s  in c lu d in g  a r ea  sam-

p led ,  n u m b er  o f  w ip es,  an d  pr es su r e  ap p l ied  w h i le  sam p l in g .  I t  h as

u n d er g o n e  l im i te d  lab o r a to r y  an d  ® e ld  t r i a l s  b u t  i t  ap p e ar s  p r o m is in g

( F r eem an e t a l . ,  19 9 6) .  A d d it ion a l v a lid at ion  and  pr o to co l d ev e lop m en t

fo r  d u st sam p l in g  i s  req ui red .  R ob er t s  et  a l .  ( 19 9 1)  hav e  d ev elo ped

m etho do lo g ies  and  sp ecia li zed  v acu um s equ ip p ed  w i th  cyc lon es to  co l-

lec t  du s t f r om  ca r p e t .  I t  i s  u n c le a r,  ho w ever,  ho w  m uch of  th e d ust co l-

l ec ted  in  th i s  m an n er  ac tua lly  w o u ld  ha ve  b een  av a i lab le  f o r  co n tac t

an d  h ow  m u ch  w as em be dd ed  in  the  ca r p e t  aw ay  f r o m  ex p osu re .  S id e -

by -sid e com par ison s o f  th e w ip e and  cyc lo ne  co llec tio n  m eth od s h av e

been  con du cted  (F ar fe l  e t  a l . ,  19 94 a,b ) .  A d d i t io n a l  r e sea r ch  i s  r eq u i r ed

to  ad d r ess  a  n u m b er  o f  q u est io n s b e f o r e  su ch  tech n iq u es g a in  w id e

accep tan ce  fo r  u se in  ex po sur e  a ssessm en t ( M il l son  e t  a l . ,  1 99 4 ) .

I n  th e in te r im , a  few  su gg est io n s ar e  of f e red  fo r  h o w  to  e st im a te

ex p o su r e  th r o u g h  h o u se  d u st :  ( 1 )  a s su m e  t h a t  h o u se  d u s t  c o n ta in s

m or e  ( 2 ±5  tim es)  o f  a  co n tam in an t than  ex te r io r  so il  in  th e  absen ce  o f

si te -sp ec i ® c  d a ta ;  ( 2 )  a s su m e  th a t  d u s t  co n t r ib u te s  a  su b s tan t ia l  p o r-

tion  o f  th e da ily  so i l  in gest io n  ra te  ( 50 %  based  o n  the  co nt r ibu t io n  of

so il  to  d u st o r  p er h ap s 90 %  b ased  on  th e  re lat ive  p ro po r tio n  o f  t im e

sp ent  in d o or s  an d  ou t ) ;  (3 )  a ssu m e  a  sk in  ad h eren ce  r a te  o f  0 .5  to  1 .0

m g /cm 2 of  sk in  o r  h ig h er  b ased  o n  th e  ® n e  p a r t ic le  s ize  an d  e lec t ro s ta-

t ic  a tt rac tion  ( K isse l  e t  a l . ,  19 9 6;  F in ley  e t  al . ,  1 99 4 ) ;  an d  (4 )  a ssum e an

a irb or ne  ind oo r  du st  leve l of  0 .05  m g/m3 in  the  absence  of  s i te - sp eci ® c

in fo r m at io n .  T h e  d o sem et r ic s  o f  w ip e  s am p l in g  a r e  im p o r tan t  in  th e

ex po su r e  a ssessm en t  p r ocess  (A d g ate  e t  a l . ,  1 9 95 ) .

To  u n d er s tan d  an d  a sses s  th e  s ig n i ® c ance o f  ex posu re  to  ho use  d ust,

a  r e se a rc h  ag en d a  m u st  f o cu s o n  a  v a l id a ted  h o u se  d u st  s am p l in g

m eth o do log y  th a t  p r ov ides b oth  lo ad in g  an d  co n cen t ra t ion  m easu res  o r
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a  m eth od  fo r  co n se r va t iv e ly  estim a t in g  h o u se  d u st  co n tam in an t l eve l s

on  the  b asis  of  ex te r io r  so il  concen tra tions.  A dd it ion al ly, speci ® c  q u an t i-

t a t iv e  e s t im a tes  a r e  n eed e d  f o r  d u s t  in g es t io n  r a te s  b y  ag e  g r o u p

(S tan ek  an d  C a lab rese ,  19 9 2) ,  du st ad her en ce  f acto rs  fo r  sk in  (F in ley  e t

a l . ,  1 99 4) ,  de rm al  and  or al  b ioav ai lab i li ty  of  co ntam in an ts  f rom  ho use

d u st  ( P au sten b ach  e t  a l . ,  1 99 6 ;  S h u  e t  a l . ,  1 98 8 ) ,  co n tam in an t an d  pa r-

t ic le  d is t r ib u t ion ,  re sp ir ab le  f rac t io n s,  an d  th e  in ¯ uence of  ac tiv ity  on

r e su s p e n s i o n  a n d  e x p o su r e  p o t e n t i a l .  M u c h  w o r k  s im i l a r  t o  t h a t

recent ly  p ub l ish ed  b y  K issel  e t  a l .  (1 9 96 )  is  n eed ed  to  u nd erstan d  m o re

preci sely  the con tribu tion  of  h ouse dust to  the to tal  up take of  a chem ical.

CONCLUSION

A lth o u g h  th e r e  is  m u ch  sug g est iv e  ev id en ce ,  l i t t l e  i s  cu r r en tly  k no w n

a b o u t  t h e  q u an t i t a t i v e  s ig n i ® c an c e  o f  h o u se  d u st  w h e n  assess in g  th e

r e l a t iv e  u p t ak e  o f  en v i r o n m en ta l  co n tam i n an t s .  R e se a r ch  to  d a te  h a s

focused  alm ost exclusive ly  o n  the ro le  of  so il  in  cont r ibu ting  to  ex po-

su r e .  A l th o u gh  d e ® n i t iv e  s tu d ies  h av e  y e t  to  b e  d o n e ,  th e  co n ta m in an ts

in  an d  th e  p h y sica l  ch a r ac te r i s t i c s  o f  h o u se  d u st  l eav e  l i t t l e  d o u b t  th a t

th i s  e n v i r o n m en ta l  c o m p a r tm en t  p r o b ab ly  r e p r esen ts  a  su b st an t i a l

sou r ce  o f  exp o sur e to  th e  pu bl ic .  I n  so m e  i f  n o t  m o st  cases ,  ho u se  d ust

m ay  b e  a  m o r e  im p o r tan t  so u rc e  o f  ex p o su r e  th an  th e  co n tam in a ted  so i l

f r o m  w h ich  i t  is  in  l a rg e pa r t  de r iv ed .  T h us,  i t  sh o uld  no w  b e  reco gn ized

th a t m o d e ls  in  w h ich  d i r ec t so i l  co n tac t  i s  e s t im a ted  to  b e  r e sp o nsib le

f or  m o st  o f  the  u ptak e  o f  co ntam in an ts  a re  l ik e ly  to  b e  in  e r ro r.  F o r

in s ta n ce ,  th e  U .S . E PA’s  ( 1 9 9 4 )  In teg r a ted  E x po sur e  U ptak e  B iok in e t ic

M ode l for  ch ildho od lead  expo su re a ttr ibu tes  1 00 %  o f  b loo d  lead  leve ls

to  en v i r o nm en ta l  so u r ces,  m o st ly  so i l .  T h is  i s  d esp i te  th e  f ac t  th a t  th e

co n t r ib u t io n  o f  a l l  en v i r o n m en ta l c om p ar tm en ts  to  le ad  bo d y  b u r d en s

r ar e ly  acco u nts  fo r  m o re  than  40 %  o f  th e  v a r ian ce  in  th e b loo d  lead

( K im b ro u g h  e t  a l . ,  1 9 95 ) .  O the r  ro u tes  an d  b ehav io r,  th e r e fo r e ,  m u st

p lay  a  m o r e  s ign i ® c an t r o le in  ex p osu r e  than  can  b e  acco u n ted  f o r  in

su ch  m o d e ls .  S oi l  r em ed ia t io n  b y  i t se lf ,  th e re f or e ,  m ay  n o t p ro tec t  th e

p u b lic  to  th e  ex ten t  o n ce  th o u g ht  to  b e  t ru e .

R ese a rc h  n eed s f o r  q u an t i fy in g  h o u se  d u st  ex p o su r e  a r e  s ig n i ® c a n t

b ut  co uld  b e  re so lved  w i th  5  to  1 0  y ear s  of  dedicated  r esear ch  f or

ap p r o x im a te ly  3  to  6  m i ll io n  d o l la rs  ( th e  sam e  am ou n t  sp en t  to  u n d er-

s tand  so il  in gest ion ) .  A s m or e  th an  5 0  b i l l io n  d ol la rs  h ave  b een  spen t  to

d a te  o n  so i l  c le an u p  in  th e  U n i ted  S ta tes  a lo n e ,  th e  in v estm en t  in  b e t-

t e r  u n d er s tan d i n g  th e  co n t r ib u t io n  o f  h o u se  d u s t  to  en v i r o n m en ta l

ex p o su r e  s eem s ap p r o p r i a te .
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