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Thc Xaiond Center for Environmental hscssmcnt (SCEA) of EPA's Qfficc of'Rcsemh and 

Dcvclopmn; (om) lw preprrrcd this handbook to addrcss fxton commonly uscd in exposum wcssmcnL!. ' h i s  

handbook wa5 first publihcd in 19HY IF. rcspons to rcqucsa trom maiiy EPA Program and Regional officcs for 

additional bpidwc on how to xlect values for cxposurc fxroh 
Scum1 cvcntt spykcti tkc elforb to reviw the Exposurc Factors Handbook. Fint. sincc its 

publ idon.  in 19x9. ncw daw have kame avaibblc, Second, thc Risk Asscssment Council ihhucd (L memorandum 

titled. 'Cuidancc on Risk Ch;u;lctcrimtion for Risk Managers and Risk A~scssors." dated F c h ~ a q  26, l99L which 

cmpblrcd  h e  usc of multiple d d p t o r s  of risk (I.C.. mcuurrs of ccnml tendcncy such 

high cnd),;mJ chmtcr imt ion of individual risk population risk. impartant subpopulations. A ncw document was 

imxd r&d "Gukbncc for Rhk Chancterizmon." datcd February 1995. This documcnL is  an updatc of thc 

pdancc  irsucd wkh thc 1992 policy. Third. EPA published the revised cuidclincs for Exposur~ Awsmcnt  in 

I992 
pan of the ef1'ort.i to rcvisl. the handbook, the EPA Risk Asscssmcnt Forum sponsored a 

a v c n p  or mean. or 

two-hy pccf involvement workshop which was conduclcd during the summer of 1993. Thc workshop was mcndcd 

by 57 scientists; from ~ d e m h ,  consulting has, priva~c industq. the Sl;rtcr. and othcr Fcdcral agencies. "hc 

purpose of ihc workshop was to identify new data wurccs. to discuss adcqupcy of the dau and the fcasibilit? of 
dcvcloping smtistiwl distributions and to esubliah priorities. 

rU a result of thc pccr involvcment workhop, thrcc new chop~cn wcrc addcd to thc handbook 
Thc?.echapt~h;vc: Consumer Product Uw. Rcsidentilrl Buildins Chmcrcfistics. and Inukc of Grains. This 

documentalso provides a summary of the available data on ccnsumption of drinkingwatcr; consumption offruits, 

vcgcubles. beef. dairy products. p i n  product! a d  fish: btrast milk inuke: Nil ingestion; inhdadon ntcs; skin 

sur?hcc w soil adherence: liictimc; acTivity patterns; and body weight 

A new dnft handbook :hat incorporJled comments liom thc 1993 worbhop was publishcd for 
pecr review in June 19% A p r r  revi'w work4wp w a  hcld in Julv 1995 to digcuss cornmcnh on l e  drift 

handbwk A ncwdnft of thc handbook that a!dn?iscd commcnl5 from thc 199s peer rcvicw workshop was 

submincd to the Scicnce Adviwry Eo& (SnB) for rcvicw in Augusc 1996. An SAB workshop meeting wa.. hcld 

Dcccmba 19-20.1944. to disccuss the comment.. of the SAB rcvicwcrs. Communts from the SAB rcvicw have Ixcn 

incurporatcd into the m n t  handbook 
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The Sational Center forEnvironrncnt31 Asmsmcnt (SCEA), Officc of R c m r c h  and Dcwclopmcni was 

responsible for the preparation of this h a n d b k .  The original documcnt w& prepared by V c w  Inc. undcc &PA 
Contract So. 6W24!S.  Work Awgnment No. 139. John Schum. olKCEA-%'ad-ington Officc. served as Ihc 
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paputadon. The analysis wu conducted under rhc direction of Helm Jxoh from rhe Oftice of Wmcr. 
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1. XSTRODCCTIOS 
1.1. PURPOSE 

Thc purprxc of the Eyxnure F ; ~ c I o ~  H m d h k  is 
to: ( I )  s u m r i z c  dam on human behvion .and 
characteristics which affect cxpowc to cnvironrncntsl 
cont;lminanu, aod (3 recommend values to usc for thew 
factors. Thcx rccommcnd;ltions are not Icgallp binding 
on iiny EPA propam ;rnd should lx intcrprctrd as 
suggcstions which pro.Sram officrs 0: individual 
cxposurc asscswrs can considcr and modity 3s nrcdcd. 
Most of thrsc fiictors arc tmr quantified on a site or 
situation-syccitic basis. The handbook h'i strived to 
include tL11 discussions of thr i s m s  which a s ~ w r s  
\hould cnnsidcr in Jcciding how i o  use i h c x  d;it;l ;ind 
rccommmdxions. Thc !xmdbmk is intcndcd to SNC ;is 
a support document to EPA's Cuideltnn f i r  Expnsilrc 
Assessment ( U S  EPA. lW21), The Guidclincs wcrr 
dcvcloprd to prornorc cnnwmcy ;lmong thr v x i o u s  
rxposurc &msmnt activities that arc carried out by rhc 
various EPA progrrrrn offjcr?. This hnndhwk a h + &  in 
this p a l  by providing a cansistmt wt oicxprure tacton \'m:ttmn tlmonc Stiidm 

T h i h  h a n d h n k  IS  ;I ccimpilatron of avruhblc dab to calculate dox-. 

12. ISTESDED 
h 1m I ESCE 
Thc Exposure Fscton 

kindbook i s  addrcsscd to 
cxp0su:c ~ w s w n  inside the 
dgrncy ;is wcll a. outside. who 
nced to obtain &ILI on sund;trd 
facion nccdcd 10 calculate 
human cxposurc to toxic 
chemicals, 

Purposr 

Sumrna.riz.c data o n  human 
bchaviun 2nd characteristics 
ai!ccring c s p u r c  

- Rccornmcndcspowrc factor 
\~'rrlUCZ 

1.3. BACKGROLYD 
This h;mdhocik iri the update of an earlier venion 

preparrd in 1989. Rcvisions haw txcn m d c  in thc 
following artm: - 

* 

* 

addition of drinking wale7 ntn lor childrcn; 
change? in soil ingation ntm tor childrm; 
addition of soil inpcsrion ntn for adults; 
addition of  npwarcr consumption tor adults 
and childrcn; 
addition of mean daily inukc of :ood class 
and subcl~ss by region. age and prr c;ipit;l 
rates: 
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Gcnrnl Cansldmtions 
Sliuzy sclcntilic snrCja w q c  rrvicwd for possible 

inc!usim in tbis handbook. Studies were xlcctcd based 
on thc iolIowing considentiom: 

0 

Reproducibility: Scudics wcrc sought that 
connincd sufticienr informtion !,o th;lt 
&o& could k rcproductd or at leas: so 
thc dtnib of thc author's work could k 
ace& ;iad cvalu;rtd 

Focus an e q ~ ~ u r c  factor of bcrcst: Snrdics 
were c h m  thac directly addressed thc 
exposure hcior of inrcrtst, or ~drcssed 
rchted f'3crars that h v c  signitiuncc for the 
factor Unccr aayiCo3tion. As an a m p l e  of 
the htrcr case. a sc!cctcd study contained 
wctL! aacillaq information concerning f3t 
c o n u r ~  in :ish. d&ough it did rm circctly 
acdrns tiih consumption. 

Data m i n m t  to t9r US.: SnrPics were 
sclcctcd th;lt ;Id3rcjscd the U.S. population. 
Data rion populations outsidc the U.S. wcrc 
somctimrS includd if bcltavianl pa- and 
other Cbanclttisti~ of cxposurr wcre 
Similar. 

0 

&n colln'rcd by ~c USDA E;ation;ll Food 
Consumption S w c y .  

Currcnt informarion: SNdics wcrc C ~ I O S C ~  
only if they were sufticiently nrent to 
rcprcscnr c m t  exposure conditions. This 
is m imporclnt cornidention for thm hctors 
that change wi;h time. 

Adqucv of dm collection period: Bccausc 
most users of the handbook are pr imiIy 
addressing chronic cxposw%, studies wcrc 
sought that utilizcd thc most appropriate 
techniques for collecting &P lo chanctefk 
long-term behavior. 

Viliditv of approach: Studics utilizing 
c x p r i m m d  prwcdurcs or approaches that 
more likely or closely wptun: the dcsircd 
mczsurcmcnt WCTC select&. In gcnerd, 
direct exposure dam collection tcchniqur?. 
such as direct observation. pcrs0n;ll 
mni:oMg dcviccs, or orher known mcthods 
were prcfcrrrd whcrc available. If studics 
utilizing direct measurement were not 
available. studies were selccrcd that rely on 
vdibted indircct m e ~ m m t  mrdods such 
;1s s m p t c  mcasurcs (such as hem me for 
inhalation ntc), and use ot'qucstionnaircs. If 
qucstiomircs or surveys were W, proper 
design and pmccdures include an adapart 
sample size far b e  popdauon under 
considdon. a respanx rate h g e  e n o u ~  to 
avoid biases. and avoidance of bias in the 
dcsign ofrhr irsrnunent and intcrpntation of 
the rcsula. 

Rcpmcnrativcnrss ofthc population: Studits 
seeking to characterize rhe mtiond 
population. a particular rcgion, or sub- 
popularion wcrc sclectcd. if appropriately 
rcprssmurivc of that population In cucs 
whcrc dam were limited. studies wilh 
limitations in this wcrc included and 
limitations were noted in the handbook 

Variabi1it)r in the papulation: Studies wcrc 
sought t!at chmcrcrizrd my variability 
within populations. 

Pug@ Exposure Factom Haadbook 
1-2 August 1997 
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h'rv vcmus rrlrvant studie 
C m r n  studin d n c r i k d  

in his fiandkmk arc dcsigrutcd 
ss "sty." that is. thc most 
uw1Ul tor dcriving aspcwrc 
factors. The rccommmdod 
vdm for mt cxpsurc faaors 
arc bawd on thc results of thc 
kcy srudim. Othcr srudtcs 3rc 
dcs ip tcd  "rclcvant." mwning 

I - Key mdic3 u x d  to derive 
recommendations 

* Relcvmt studies included to providr 

applicable or pminmt, but not 
necessarily the most imponant. This distinction w;ts 
m d r  on rhc strcngll~ of the annbuws listcc! rn rhc 
'Gmcral Considcmtiom." For m p l c .  in Chptcr  14 
of Volumr 111. one 5ct of studin is deemed fo &t 
addrcss the irrrjbuies listcd and is designated a!! "kq," 
Orhcr appliwblr studies, inclojlng foreign data, bclievrd 
to have value to tundbook uwfs. but having imcr 
arrributcs, are desigmtcd 'rclrvmt." 

132. Using the Handbook in an Esposurc 
hwssrncn t 

Some 01' the s t q s  for prnoning an expisure 
asxssmmt arc (1 )  dncrmining Ihu pathw7;lys of 
exposure. (21 idmti!jinp Ihc mvironmcnnl media which 
crmpon\ [he c o n m i m r ,  (31 dctrrmining the 
conmirxlnt concc~tnrion. (3) d a m i n i n g  thr cxposurc 
nmc, frrquency, and duration, and ( 5 )  identifying rhc 
cxpowd population. Many ot' thc issun rchtrd to 

& ~ O S U F ~  Factors Ilcrndbook Page 
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a discussion (see Appendix A of this chsprcr) h;ls bccn 
includd which describes how dosercsponsc f~c~ors  can 
bc moditicd to be comistent with the cxposurc t'acrors for 
a population of i?rcrcst. This should s c m  as 3 guide for 
when this issue is a conccm. 

133. Appro;rclt U d  LO Dcvclop 

As disc& above. EPA first nvirwrd all 
litmntrc pcwining to a factor and drtcrmin~d relrwanr 
md kcy midies. Thc key studies werc uK'c1 to dcrivc 
womcndatiom tbr the values of  mch factor. Thc 
rccommcnded vducs wcrc dcrivcd soLly from EPA's 
intrrpremuon oftbhc ;Iv;lihblcdm. DifTemt vducs my 
br appropriate for the UWP 10 scIcct in considcmion of 
policy. prcccdmr. smtcgy. or other factors such as site- 
spccitic infomtion. EPA's proccvfurc for drweloping 

rccommmd;ltiom W U  

Rccommcndotlons for Espmurc Factors 

, a!! follows: 
Rccommendarions and Corrfdence Ratings 

- Rccommcndxions hscd on data from single or 
muitiptc key stu!ie< 

- Variability and limitxion of the data cvduatcd 

- Rccomcndtldons r.itcd L% low. medium. and 
high contidcncr 

1. Key srudics wcrc 
Cvdmtcd in terms 
of both qwlicy 
md reltxxcr IO 
spxitic popuh- 
tions (gcnerd U. 
S. population, age 
groups. gindcr, 
ClC.). n e  critcria 
for ;rssc.ssL?g thc 
quality ot' studies 
is described in 
Srrtion 1.3.1. 

2. If only one s~uurly was classitid key !or ;L 

particular factor, the mean vatuc from that study 
was sclcctcd ;LS Ihc rwommcndcd central valuc for 
t ! t  population, If' thcrc wcrc multiple key studies. 
all with reasonably rqwl quality. ~lcvlmcc. and 
study design infomuon wcrc' available. a wriFfiicd 
mean (it ;tppropriaie, considering samplc sizc and 
other shtistid factors) of thc s~udics werc chosrm 
;~?i h e  rccorrurmd~d mcm value. If the key studies 
wcrr judged IO k unequal in qwlity. rckwancc, or 
study dcsign. chc m g c  of m a n s  were pmcntrvl and 
the UXT of Ibis handbook mwt employ judgment in 
sc.leccting the most appropriarr v:tIue for Ihc 
population of intcrrrt. In cam whrrc h e  tutiotxil 
population was of interat. the mid-point 0:' the 
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3. 

4 

5. 

rangc was u!!udly judLcd to he the m a r  dppropriatc 
v3Iue. 

The variability of the factor across rhc ppulat ion 
wils d i m w d .  If ildcqutc &W WCTC :ivaihblc. the 
variabiliry was d c x n b s d  as either a wics ol  
pcrccntilrrs: or a dismbution. 

Limitations of Lhc d;ru wcrc discuswd in imn\ of 
data limiutiom. the ranfic of circumrmcr-s ovcr 
which the n t i m x e s  wcrc (or wmc noti applicrrblc. 
psiblc  bixm in the vducs thcmwAva. a s t ; ; t c m t  
about pmmctt-r u n c c m i n t i n  (masurcmcnt mor. 
. m p f i n g  morj m d  model o r  x m r i o  uncmintir?, 
i f  modcls of scenarios hnvc hcn  uwd in the 
drrivation of L'le r c c o m m d c d  valuc. 

Finally, EPA assignncd 3 conlidncc rating tit' low. 
medium o r  high to c x h  rccomrnrndcd value. This 
rating is not inrmdcd to rcprcsm rcn uncertainty 
analysis. nthcr it rrprrwts E P A ' s j u d m m  an the 
quility ot' Lho und~rr lyng ht;~ USLYI to dcribc rhc 
rccommcnhtion. This judgmcnt w a  mdt- using 
rhc guidclin- shown in Tablc 1- 1. Tablc I I is  an 
adapution ot' thc &.?IL~;LI Considemiions d iKusr r l  
wlia in Scrtion 1.3.1. Clcarly this Ls a continuum 
from low to high and judgment was uwd to 
d a c n n h c  thcx rating!. Rtxommmdations givt-n in 
this h a n d b k  arc accompanid  by a diqussiim ot' 
h e  ntiomlc tor thcir citing. 

Tablc  1-2 s u m r b c s  EPA'4 rlsomnrmd;lticins and 
con5dcnce rating, for thc various cxpowrc t'acron. 

It is imporant IO notc that thc m d y  elcmrnts 
listcd in Tablr I - I do nor h v c  rhc wmc w i g h t  k hcn 
arriving at the ovcr;rll contidrncs nring for thc various 
cxpmurc ttlcrors. Thc rclativc wcight 0 1  cxh 01' t h n r  
clcmcnts depend on the csposurc bcror of intr7at. 
Also. the rclativc wrishts given to  the c l m n  fix t ! c  
variou. factors were sub.icctivc and h a d  on thr 
prof'siod judpmcnt  of the auihon of thts  handbook. 
In gcncrcll. most m d k  would nnl; high with r e p r d  to 
'Icvcl of peer rcvicw.' 'sucrtssibilip." '10lus on the 
factor 01' intcrcst." md "data pmincnt  tn thr U.S.' 
Thew dcmcilts are tmpomt for rhe study to tx includrd 
in this hrmdtxkk Howcvcr, a hifi  x o r r  0 1  thw- 
clcmcne d m  nor mxmsanly m\larc into a high ovcnll 
score. 0th~~ c l m r n u  in Tablc 1-1 wmc alw c m i n e d  
to d c t d c  lhc ovaall score. For cumple. thr 
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Quir l i~ i ivr  Jwussion for lung. 

J 
J J 
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J 

J 

- Thc c.posurc xscssor should only consider 
using probabilistic analysis whcn Lhcrc arc 
credible distribution CLIP (or range) for the 
factor under considmdon. Even if Lhwc 
distributions arc known. it m a y  not bc 
nucmsq to apply this tcrhniquc. For 
emplc, if ody avcngc c.rposurr: values arc 
nrcdd, thrsr c;u1 oftcn bc computed 
sccumtcly by using avcragc valucs for each 
of the input panmctrrs. Probabilistic 
analysis is also not nrccsmry whcn 
conducting assc?smenls for scwcnhg 
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purpmes, i.c., to drtcrrriic if 
unimpmnt pathw3j.s can k 
climmmtcd. In this GL..  

hounding atimtm wn bc 
caIcuLttcd using mximum or 
ncar ma..mum v;llucs for 
wch of the input param, 

- It is i m p m n t  to note t ! t  tbc vlcction of 
distributions an k highly sire spccilic and 
will always involve some d c p c c  ofjudffncnt. 
Distributions dcrivcd from national &a m y  
not tcptncni local conditions. To :he atmt 
psiblc .  ;UI w m o r  should use distributions 
or krrqucncy histograms dcrivcd from I& 

distributional d m  arc draw from muon;ll or 
other surrogate population, it is imporrant 
[ha1 the ;Lw!wr addrcss thc extent 10 which 
local condirions my diffcr from thc surrcpic 
data a 

survy!i to 3sms r i s k  loctllly. u'hcn 

- Distribution tunaions to he uxd in Montc 
Carlo xulysis my bc dcrivcd hy tining .m 
approprirc function to cmpinwl &a. In 
doing this. ir hould tr rccopizcd h a t  in the 
lowcr and upper tails of the distnburion the 
&GI arc a r c c .  so th;rt mml tu-icnom, 
wirh n d i d l y  dit'fcm s h 3 p  tn mc mtrcmc 
tiils, my be concistcnt with thc data. To 
avoid introducing mors inro thr andvs ic  hy 
the arbitrary choice of m impproprirttr 
function, xvtral tcchniqucs a n  bc u ! .  
Onr way is IO avaid the problem by usiq thc 
cmpiric;il d m  itcclf nrhn than an analyric 
function. Anothcr i s  to do q m t c  ;in;llpcs 
with wml functions which bvc adq*&tc 
f i r  but form upprr and lowcr bound\ to the 
cmpiric;ll data. A bird way is to UIC 
truncated ml.wc;ll dismbutiom. Judgnmt 
must be ued in chming thc approphtc 
goodnrw 01' tit tmt. Information on the 
rhrorctiwl ba\is for fitting dimibutiona 

- If only a mpc  of v d u h  is knoun far an 
cxpnurc factor. hc asmar Ius ~ x x ~ l  
options. 
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Contaminant conccntntion is the concentration of 
the cont;uninanr in rhc mcdium (air. food, soil. ctc.) 
conracting rhe body ;urd has units of' m;rss/vo!umc or 
nwyslm%s. 

The intake mtc refers to thc rws of inhalation. 
ingestion. and dermal contact dqxnding on the rouic of 
cxposurr. For ingcsrion. lhc i n u c  rue is simply Ihc 
mount  of food conoining the concaninant of interest 
that an individual ingcsn during somc sv i f i c  time 
pcriiorl (units of m3sdtirnr). Much of this h d b o o k  is 
devoted to rata of ingestion for SOmc broad Sl;\sScs Of 
f b d .  For inhalation. the inlake mtc is the ntc at which 
contruninatnl air is iWcd. Factors that affcct dcrmd 
cxpoatm arc thc mount of mtcrial h r  corn3 into 
contact with the skin. and thc ntc at which the 
c o n t a m i ~ t  is absorbed. 

"he exposurc duntion is the length of time that 
co- contact lasts. ?hc rimr 3 person lives in m 
w3. t'requency of bafbhg. time spent indoors VCRW 
ourdoors. etc. all: d f t ~ t  the aposurr duration. The 
Activiy Factors Ch3pur (Volume 111. Chapter Is) givks 
some cumplcs of population bchavior pancm, which 
m y  k uxful for estimating exposurc duntions to bc 
used in the cxposui't calculations. 

When the above panmrlrr values remain consst;LnL 
ovrr tirrr, thcy .arc substinrtcd dinrtly into Ihu cxposutc 
quaiion. Whm rhcy change wirh time, a swnnation 
approach is nccdcd to wlculxc <=rposurc. In eithcr C;LSC. 
the cxposurc Juration is &he lcngth of timc cxposurc 
occurs at the concenmtion and int;rkc rate spcciticd by 
rhc olhcr pamacrs in the equation. 

Dosc can k cxpresscd as a toM mount (with 
w.ics of mss. c.g.. mg) or as o dosc mlc irr t e r n  of 
masslrimr (c.s.. mg/&y), or ai a raw n o m l k d  to 
body mqs (e.& with units of ml; of c h c m i d  pr kg of 
body w c i a t  per day (m@g&y)). Thc U D D  is 
usrr;llly cxpmscd in t u r n  of mdkpday or other 
mass/mass-Me units. 

In most WCT (inhalation and ingestion c%posurc) 
the doscrrsponsr: p3nmctcrs for carcinogen risks hve 
ken adjustrd for the dif'ferencc in absorption across 
body b h c r s  ktwccn hum3ns and hhc utperimcntd 
m m d s  u .  to dcrivc such pmmters .  Therefore, rhr 
~ x p o s u r c  assesmen! in these cscs is b.?xd on the 
purnul dosc with no cxplicit correction ior Ihc frxtion 
absorbed. HOWCVCT. thc exposurc wcsor  nKds xo 
nuke such an adjustment when calculating dcnnat 
exposure and in ocher spccitic a s c i  when c m n t  
in fomi ion  hdimtcs rhat thc human absorption ixtor 
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wed in h e  derivation of the d w . r c s p m c  factor is 
impproprate. 

The lifrrimc valuc u v d  in rhc L I D D  vehion of 
Equation 1-1 is thc pen& of urn ovm which thc dost. is 
svcragcd. For arcinogcns. thc derivation of the dmr- 
responsc panmctm usually ;~ssumcs no explicit number 
of ycan 3s t.+c duntion of a Iifctimc. ;ind rhc nominal 
value of 75 ynts is considered o rcasorwblc 
approximation. For orpure csrirrmtc~ IO be u d  for 
asxssmcnrs othm than carcinogenic risk. various 
avcrdging p o d s  hvc bccn ud. For acute q x m r c s ,  
thc administcrcd doses .are U M U H ~  avmgcd ovcr a day 
or a $ingle mat. Far nanchronic noncmccr cffccts, the 
timc perid wc(I is  3 c  actual mod of cxposurc. Ihc 
objmjvc in x l d n g  thc cxposurc avmging time is 10 
cxprcss thc cxposurc in a way which c;ul be comhincd 
with the dosc-mpmc rclxiorn!ip to calcuhrc risk, 

Thc body wcighr to be uscd in thhc mposurc 
Equation 1-1 depends on the units of Lbc cxpaurc daw 
prcscntcd in his lxmdbool;. For id ingesdon. tbt body 
wcighha of the surveyed popuhrior~x were b u n  in the 
USDA surveys and they wcre ccplicitly fktorcd into the 
focd intake d r \ ~  in ordm 10 d & t c  the inukc as gram! 
per day per )cilopm body wcighht. In this asc. tbc body 



. .  . .. 
I .  

. .  . 
. .  

The objective is 10 dcfine the t ~ m  so that when 
multiplird. they give rhs appropriatc csiimtc of mrss of 
conwmiwc conmcted. This an k accomplished by 
basing tbc intalic m e  on cithcr a Ionptcnn avcragc 
(chronic ocposm) or an cvcnt (acutc atposurc) basis, as 
long 3s thc duntion vduc is xlccwd appropriately. 
Consid~r the c3x in which a person cats B 129-g :ish 
mcd appmximatcly five t ime pcr month (lonptcrm 
avcmgc b 21.5 d&y) for 30 yam; or 21.5 dday of fish 
cvcry day lor 30 y c m .  

Thu.. 3 trqucncy of either 60 mcaldycar or 3 dunrion 
of 365 dayslycat could bc uscd as long u it is mrchcd 
with the approprim intake IXC. 

1.5 RESWCHhiEDS 
In an mljer Cnfr of this hndbook. reviewers 

wcrc askcd to idcnL.fy factors or anas  where further 
march is llccdcd The following list is a compilation 
0:' mas for futurc tcsearch identified by thc peer 
rcvicwcrs and authors ofthis documcnc 

* The dm and information available with 
tcspct to occupational cspouurcs arc quite 
limited Efforts nccd to be directed IO 
identi@ d;lu or rcfcrcnccs on occupational 
c x ~ u r c .  

Futtncr research is necessary IO refine 
esrim;rta of fish consumpuon. particularly by 
subpopulations of subsistcnce tishcrmen. 

- 
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In c a n  w h m  w~ml studies of cqul 
quality and daw collwtion proccdurc!, arc 
avrrihblc for an cxposurc factor. proccdurcs 
nccd to bc dcvclopcd to combine the 6a.a in 
order to create a single disuiburion of likely 
values for tha! factor. 

Rcvicwcrs recommcndcd that rhc handbook 
bc mule available in CD ROM and h t  the 
data prcmtcd bc made avaitblt  in ;r f o m t  
that will allow the u m  IO conduct their own 
mlybis. The inIcnt is IO provide a 
comprchcnsivc factors tool wilh intmctivc 
m u  to pudc uscrs to ;VC:L% of inrrmt. word 
scirrchinc fc;lrnrcs, and data b u c  film. 

Rcvirwcn rcrommcndcd tha EPA derive 
dismbution functions ~ h g  thc mpincal &u 
for the various upsure tactors to bc uIcd in 
hlontr Carlo or othcr probabilistic aiiysis, 

Rwarch IS nrcdud IO dcrivc ;i rnchodology 
to e?rtmpolntc from shon-rcrm dam to lonp 
term or chronic cxpssurn. 

Rcvicwcrs rccommdcd hit thc c o n s u w  
proclucLF chaplcr k cxptndd 10 include more 
products. A comprehcnsivc 1irrr;lturc srarch 
nee& to bc conducted to i nvcs t ip r r  ohm 
sources of 630. 

c!ailptcf 3 

mprcr 

Chaptrr 5 

Chptcr 6 

Chap1tt 7 

ch;lptcr 8 

Rmts  factan tor esnnuting 
d m n d  cxpmurc to cnvaonmmnl 
cantaminulr, ttwr corm in c o n w  
with thr skm. 

Ck1ptrr9 Providcs facrors for minuting 
c s p u r c  Lhrcmgh ingestion ot' fmin 
and vcgrrublts. 

Chapter 10 Providn fxton tor esumting 
exposure through ingmion of fish. 

Chplcr 13 Prcscno txtors tor estimating 
c*posurr: through ing-tion of home 
prtductd food. 
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Chzprcr 13 prtxnrs dm on activity facion 
iictiviry patnns. population 
mobility. ;raci wnipational 
mobility). 

Chapter 16 Rrstnts dm on cousumcr product 
w. 
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.Ap?endk 3.A 

I .  Ih7XODCCTIOS 
Whrn cdculilting risk rsrimarc? for a spccifrc population, uhr thcr  thc mtirc n3rinml populx im o r  w m e  sub 

popul;ition, rhr c?~po~urr i n f o m r i o n  (cithcr from this handhwk or from other daub mtisi k r u m h i n d  with dow- 
r c s p n w  i n t ' o m t m n .  The latter typtcally c o r n  from the lRlS drlrrr haw, which \ u r n m a r i m  toxiciy ht3 for ach 
agcnt xparatcly. Cuc mu!: hc ukcv thar the assumptions about popularton paramrtcrs in the dow-mponw an;llysk 
arc corhisicnt with Ihc population pr;unctm l~vrri in the a p o w r c  amlysis. Thi\ Appendix discus- p r w c d u r n  far 
insuring this conaisrmcy. 

A) Dcwilrrl study of r i r rnt  &ita. such ;LI arc  prcscnrcd in this h a x ! h k .  %how rhx EPX's srantlrrrd a w m p t i o m  
(Le.. 70 tig body weight, 20 m ' l h y  air inhaled. and 1 Ukty water 1ntalr.l arc in;tccunrc for thc wtioctl ppu!ation 
and m y  k imppropnate for sub-populstions ~ n d c 7  comidcraiinn. Thc h n d h w k  ;Iddrmx% mht ot'thhcut slutions 
by providing gender- and agc-sprcitic vslues and by nomlkzinF;  the intake vs!ucs ro hxfy weifit whcn the dm are 
available. hut it  my not h v u  covtrcd all p~'s;hlc sirutions. An cwmplc  of a suh-pclpularion with a diftcrrnt man 
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For food ingtidon np wacr  ffitakc. if body weight-nodizcd intake values from this handbook arc u.. 
thc intake data do mt h v e  to be corrected as in Scction 3 above, In tbrse cases. corrections to the doseresponse 
pmmmcrs in Table W-L arc sdticirn~ 

U S  EPA. (1996) &ckpouad Documcnation. Inccgmcd b k  infomation System (IRIS). Online. Nxioaal Ccnm 
for Envimnmcnul i\sJcJsmco ' C, C-ti. Oso. Bxkgmund Docummnrjon av3il;lble fmm: Risk Infomution 
l-latlicc. SationaI Ccavr for Enwironmen~l Asxs?rrnmt. GS. EPA. 26 W. Martin Luther King Dr. Cincinnati. 
OH35268. (513) 569-72 

Weir, GEL; Brown, I.H.: Enqukx. BJ. (1397) A genrrd modc! of &c origin of dlomcmc d i n g  h w s  in biology. 
276: 122-126. 
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z v,uutmrn ASD UXCERTAISIY 
Thc chaptcfi that tollnu will disiuv. cxpwrc  

facton and algonrhms for c h u t i n g  cxposurc. Expowre 
hctor values can hc. used to obtain 3 nngc of cqxwrc  
cstimatc\ such a\ avcragc. high-end and bounding 
chtirnatcs. I t  is inwuctivc hcrc to return to the pcncnl 
cquatiun for p i c n h l  Avcragc Daily Dnu: (ADD,,) that 
W;LI introduced in thc opcnin): ch;iptcr of t h k  hmcihOOL;: 

With the cxccption of the cnnraminant 
conccntntion. all parmctcrs in  lhc ahwc ryuation arc 
con3idcrcd cxposurc facton and, thub, x c  trcatcd in fair 
dcuil in other chaptcr. of this handbook Each of thc 
cxpourc f ~ o n  invulvcs h u m n s .  cithcr in tcm\ of thcir 
charicrcrisiics I c . ~ . ,  M y  wcipht) or k b v i o n  (c.g.. 
amount of rim qwnt in a spat i c  Iwation. which affect\ 
cxpiwrc duration), Whilc thc tnpich of variahthty and 
unccnsinty apply equally :o cont;uninant ci>nccntration\ 
and thc rmt al' thc c x p u r c  facton in cquation 2- I ,  thc 
focus of this chaprcr is on variahiliry and unccminh, ;LI 
they rclatc to cxphurc factor*. Conwqucntlg. curnplcs 
provided in thi \  chapter rclatc primarily tc i  c x p u r c  
kcton. although conhrninmr conccnmtiim\ m y  k uwd 
whcn thcy hctrcr illustntc :he point  undcr diwh&m 

n i s  chsptcr ~ I U I  i\  intcndcd t o  acquaint thc 
crpcnurc aw\*or with am- of thc t u n d a m n ~ l  sonccpt> 
and prccqn rctntcd to vrinahiliry ad unccrtrrinty. 
togcthcr with m c t h d  and con\idcntion\ for cvaluting 
and prwnting thc unccnainty awscialcd with c\phure 
cstimtm. Sukqucnt wxlions in thi3 chaptcr arc J~-votcd 
to thc following topics: 

Di4nction hetwccn v;lfiahilip and 

- Typch of v.arinhility; 
Mcthods of snnfrcmting variahiliry - T y p  of unccminty and reducing uwert;linty: 
A n a l p s  cd\ariahiliiy and uncertainty; and - Prcxnting rcwlts of variahility/uncen;linp 
an;tlysis. 

unccnainty; 

Fairly cstcn*ivc ucatiec\ on the tapic of unccminty 
h v c  hccn Frovidcd. for curnplc. hy Morpn and Hcnrion 
r199o). thc Sariowl Rcw.rch Council (SRC. 1%) and. 
to;L lnxr cxtcnt, thc US. EPA (1W2; IcWS). Thc topic 
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mute - inbmtion of conuminaicd drinking water. 
Suppox hat it is pssibk fo mcwm an individual's daily 
wwrcomunption (and concenmrion ofthc confaninant) 
c x ~ ~ l y .  rhercby climinatiny uncertainty in thc mcawcd 
daily d o s c  The daly do= still has an inhcrcnt d;ry.t&y 
variability. howcvcr, duc to changcs in the individual's 
daily water in& or the contaminant conccnmtion in 

It is imprxtiwl to mczssrrre thc individual's dose 
cvtry day. For this rcaan. the c~poaurc ;LSs.c%.wr may 
cstimatt tbc a v c q c  daily dosc CADD) b a d  on a tinitc 
numkr of mcasurcmcnts in an attcmpr to "avmgc out* 
thedlyfdlry variability. The individual h a  a tntc (but 
unknown) ADD. which h s  now k n  cstimatcd blrscd on 
a wmplcofmc3surcmenrs. Because the individual's truc 
a v m g  is unknown, it is unccruin how dose thc cstimatc 
is: IO the wc value. Thus, thc variability xro5s d i l y  
dows has bcm tmnsiatcd into unccminry in mc ADD. 
Adieu* the individds me ADD h s  no variability. the 
cstimte ofthc r a D  ha.. somc unccminty. 

The above dixxwion permins :o rhr: -0 for one 
QCSO~. Sow comidu J distribution of ADDS across 
individuals in adcfincc! population {e.g,. the general US. 
population). In this cw. varhbility rckh IO the range 
ant! disrribution of ADDS mu individual> in the 
popdation, By comparison. unccrclinty refcrs to thc 
e~posurt xswswfs sate of knowlcdp about that 
disaibution, or h u t  p m c ~ m  dcscnbing thc 
&.bution man.  stuld;ud deviation. pncral stupe. 
various; pxcntilcs). 

A- noud by the Sational Rtscwch Council G R C ,  
1%). the rcdms of variability and unccrtJlinly havc 
funkuncnmlly dit'f~xtnt mit ia ions  for scicncc and 
judgmcnL For cxmpfe. unccnainty my forcc Jccision- 
mikm tojulgc how probable it is that aposurcs haw 
bccn ovcmtimtcd or undcrr~timtrd formcry mcmbcr 
afIhcapod popJacion. whcrra\ variability forcc?i hem 
to C C ) ~  with the C ~ R ?  h a s  diffcnnt individuals arc 
wbjcxt 10 cxpurcs both above and k!ow any of the 
~ q w s u r e  levclschoscn ~ K I  rcfcrcncc po in t  

WAtCr. 

.+., TtTESOF VARLU3ILITY 
V;rri&iliCy in expnutc ia rctam! to an individual's 

location. xtivity. and behavior or prcfcrcnscs at 3 
p m i w l x p i n t  in timc. as well as pollutant cmiksion mcs 
ykj physidchcmid pmccsu% Ih3t atl'cci conccnlr.tions 
in various mcdia {cg.. air. soil. !iXd and wxcr). Thc 
variations in pollutant-spitic missions or proccsscs. 
and in individual I d o n . .  ;tCtivitimor khanors, arc not 

ncccs.uril? indcpcndcnt of one anothcr. For cxumplc. 
both persona1 activities and polluunt conccnmrions at a 
rpcitic loution might vary in response to wcathcr 
conditions, or bttwccn wcclrdaya and wcckcnds. 

At a morc lirndamental Icvcl. thrcc t y x s  of 
variability can bc distinbuishcd: 

- Variability across locations (Spacial 

* 

* Variability among individuals (Imcr- 

Variability); 
Variability over timc (Tcrnponl Variability); 
and 

individual Variability). 

Spatial variability can occur both at rcgional 
( m x m a l c )  md 1oul (microwlc) !cvcls. For cxamplc. 
fish inukc mc.s can vary dcpcndingon thc region of thc 
country. Higlicr consumption may occur among 
populations locatcd n w  I-T bod& of wxcr such 3s Ihc 
Crcat bkcs or cmsu1 mas. A% anothcr cxamplc, 
outdoor pollutant lcvcls can bc affccrcd 3t thc rcgional 
Icvcl by induhmal activirics and at thc local lcvcl by 
activitim ot'individulh In pcnrrd, highcrcxposurcs tcnd 
to bc ;Lwxiatcd with closcr proximity to rhc polluunt 
sourer:, whcrhcr it bc an industrid plant or rclatcd to 3 
pchonal activity such showering or gardcninp. In the 
sontcxt ot'aposun: to nirbmc polluunis. the conccpt of 
o "mimnvironmcnt" has bccn inuoducc'd (Duan. 1982) 
IO dcnotc 3 spccidc locality (c.g.. a rcsidcntid lot or ;I 
room in ;L sp~cific building) whcrc the airborne 
conccnmtion can be vcitcd as homogcncous (i.c.. 
invariant) at o pwieular point in time. 

Temporal variability rcfcrs to variations over 
timc. whchcr long- or shon-tcnn. Seasonal flucruxions 
in wcathct, p t i c idc  applicarions. USC of woodburning 
applianccs and fraction of timc spcnt outdoors arc 
curnplc3 of lonycr-tcrm variability. Exanplcs ol'shortcr- 
term var?dbility arc diffctcnccs in industrial or pcnonal 
activities on wcckdays versus wcckcnds or at dil't'crcnt 
times of thc day. 

fntcrcindividual variability wn bc cithcr of two 
type?: ( I )  human chanctcrisrics such as agc or body 
wsight. and (2) human bchaviors such as location and 
activity patterns. Each ofhcsc variabilitks, in turn. may 
bc rcblcd Io ~ ~ n l  underlying phcnomcna that v q .  For 
cxmplc. h e  natunl variability in hurnon weight is duc IO 

a combination ofpnctic. nuuitiond. and olhcr lilbtylc or 
cnvironmcnul factors. Variability arising from 
indcpcndcnt flrctoh that combine mulripliclrtivcly 
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gcncrally will lcad to an apprriximatcly lognormal 
di\trihution acrws  thc pipuI;Ltion. or a c r w  
spsrialltcmporal d i m e n w n \ .  

3. COSFKOSTlSC V,\RJAUILI77' 
Xccnrding ti> rhr Sat imal  Rczcarch Council (SRC 

19W). variability can hr: contrtintcd in four h;iw w a y  
(Tatrlc 2-1 j whcn dcaling with science-policy quc\tion\ 
surrounding i s u c \  huch cxpowrc or r i 4  ; \wwmcnt .  
The l i rh t  ih to ignore thc variability and h o w  lor thc 
hcst. ThI$ \ tmtcp  tcndi In work hc\t whcn ihc variahility 
is rcl;\tivcly m ~ i l l .  For cmnple, the a\\omptiim that all 
adule  wcrgh 70 ks ii Iikcl> to he corrcci within 255 Ibr 
moIt adulis, 

Thc wccond \rr:wkT involve\ diuECrcy;lting the 
vnriabilip in somc cxplicrc way, rn trrclcr ro kctcr 
undcnund  i t  or  rcducc it .  h1;ithcrnatical mtdcls arc 
appropiarc in xImc caw\, ar in frttrnp a \inc wavc lo the 
annual nutdnnr cnnccntciticin cydc litr ;I p;micul:ir 
polluunt and locatitin. In iithcr c:IK.\, p ~ t i ~ ' u I i i r 1 ~  t h w c  
involving human chiirxtcristick or khavinr\. 11 i\ c:i\rur 
io diaaggrcxatc thc data hy conudcring all thc r c l c v m  
w h p u p  or subpopulation\. For c u m p l c ,  di\trihutions 
ot'hocfy weigh[ cciulcl lw dcvclopcd wpi1r;itsly f o r  adult\, 
adolcwmla and childrcn. and even f o r  male\ iind Ic'm;rlc\ 
within cich c d  thcw subgrtiups. Tcmyor;il iind spatial 
an:ilogtcs lor this concept invnlvc mc;i\urcrncnh o n  
appropri;itc time \c;iIes ;ind chw\ inp  q v o p n a t c  
suhrcgiom o r  micriwnvir(inrncnts. 

Thc third \tratcp is  io uw the nvcmgt- vrrluc. id ;I 
qumtity that varics. Mthouph this m i f c p  might a p p a r  
;LI unumount tn igniiring v:iri:ihility, i t  nccih I t )  hc h:iwJ 



unccminty according to the step in thc risk awsatncnt 
proccss (hlu;lrd idcnfificxion. d o x  - r I\ *. p on= abscasmcnt. 
cxpoaurc. ;Lsscssincnt or rirk char;rctcri?ihm) PL which 
he? can occur. A mom a b s m t  and gcncrJlizcd approach 
pn.fcrrcd by wmc Gicniiuts ia to pxtition a11 unocndntics 
among thc thrcc wicgorics of hias, randomness and m c  
vwiibility. The- idcab arc disscrrssd later in homc 
cxamplca. 

Thc US. EPA (IY92) has clwdied unccminty in 
cxposurc ;i!!cssmont into thrcc broad utcyoncs: 

1. L'nccminy rcglrding misaing or incomplctc 
iniormition nccdcd ;q fully dcfinc cxposurc 
and dose (Scenario Unk*cmrinty). 

2, Unccminty rqarding ' some paramew 
(Parmctcr Unccruinty). 

3. Unccminty rcgmling s p a  in scicnrilic theory 
rcquircd to makc predictions on the baais of' 
causal inlcrcnceh (Modcl Unccminty). 

Idcntilicition ot'tiic m)urcn otonccrtaincy in an cxpowrc 
;Lwwnc'nt is  thc fiht step in dcrcrmininp how to ~rducc 
that uncct-uinty* The rypcs of unccminiy listed abwc can 
be further dclincd by cxrrmining their principal causca. 
Sources and cxamplcs for each 'ypc of uncertainty arc 
surnmariicd in Table 2-2. 

Bccaux uncertainty in cxposurc mcssrnenki is  
fundamcntall~ ticd to ;1 lack of knowlcdgc conccming 
inrportant expowre factofi, stratcgics for reducing 
unccminty nc.ccs.uiIy involvc rcducrion orclimination of 
hnuwlcdgc pps. E.umplc stcitcgiw to rcVucc uncrrtainty 
inaludc ( I ) cutlccrion of new d m  uaing n largsr aarnplc 
site. an unbiasd sarnplc design. II m m  dircct 
rncawrcm-nt mthd or a morc appropriate targct 
pepul;rtion. ; I J ~  (2) ti* of morc sophistiwtcd modcling 
and ;malysis tools. 

2.6. c\SALY%ISG VARIABILITY ASD 
USCERTAISTY 
Exposun: uwssmcnts olicn arc dcvclopcd in 3 

ph;rscd approach. The initial pha% usually screens aut thc 
cxpoaurc scenarios or pathwdys that arc not cxpccicd to 
posc much risk to climinatc thcm from morc dctnilcd, 
rcwurcc-intcmivc rcvicw. Scrccninplcvcl asscssmcntb 
typic3lfy c.wminc. cxpowrcs that wouId fail on or bcyond 
the high end of thc cxpcctcd cxposurc distribution. 
Bcc3uw screening-lcvcl anilybcs usually 3fe includcd in 
lhu f i n d  exposurc asscasmcnt. ihr find dwumcnt may 
contain scenarios that differ quitc mukcdly in 
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Chapter 2 - Varinbilir_v and Unccrtaint?-. 

sophistiation, d m  quality. and amcnahiltty to 
quntiwrivc nprcwons o f  variability or unccminty. 

According to thc U.S. EPA (19921. unccminty 
chmctcrixition and u n c m i n t y  arsmrncnt arc two w3.p 

of dwmbing uncmuinry at diffcrcnt dcgrccs of 
sophistication, Unccrtrrinty chxtctcrizaion usuIIy 
inuolvm 3 qualiutivc diwxwion of the thought proclcnws 
uscd to wlcct or rcjcct spccific &I& cstimtc\. wcnanai 
CIC Unccminty wwmcnt is a rnorc quantiutivc proccss 
that m y  mngc from rimplcr mcssurcs (C.R.. range) and 
simpla andytical techniques (e.&. vmsitivily analysis) 10 

morc compln r a r u r c I  and tcchniquca Ia goal is to 
providc decision m&km with information concerning the 
quality of an aawssmcnt. including the potential 
variability in thc mimtcd expaures, mjor  &la gap, 
and thc effect h i t  thcsc d m  gaps havc on thc cxpowc 
cstimatcs dcvclopcd. 

waa rniidc in Scction 21. Alrhough thc qurrntiwivc 
process mcntioncd a b v c  applicb more dircctly fo 
variability and thc qufimlivc approach morc a to 
unccminty. thcrc is wmc dcgrcc of ovcrbp. In gcncml, 
eithcr mcthnd provide thc aveswr or dccision-mkcr 
with insight\ to kttcr cvalulc thc ;L*ses\mcnL in thc 
conicxt of wailabfc daw and ammptions. Thc following 
pr3b7;Iphh dcscribc somc of thc morc common 
proccdurcs for analyzing variabiliry and unccminry in 
cxpsurc wasrncnts. Principles that pcmin to 
prcscnting the rcsulb of variahilitylunccminry analysis 
arc dixusscd in the ncft sction. 

A distinction bctwccn variability and uncminty 
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sclristicll mcthab (US. EPA 1992). The four appmchcs 
31r summrizd in Table 2-3. 

medium. or low: and state whcrhcr thcy wcrc b s c d  on 
dam, andoby. or profmiond judgmcnt. Where 

. ' ! I  

I 

I 
i 

2.7. PRESEN33SC RESXlL'IS OFVARIABEITY 
rL\i mm*mw A%ALYSIS 
Comprehensive qualitative analysis and rigorous 

quantitxivt andpis x c  of little value for uw in the 
decisian-dng process. if Lhcir mla are m c  clcirly 
prcsntcl?. In this chapter. variability (he rcccipt of 
diifcrcnt Icvcls~fexpo*ure by dif lanc individuals) has 
btcn distinguished from uncenainty (the lack of 
k n o w l t d ~  3bour rhc COW due fora spccific cxposurc 
musurcorcltimrc). Moscofchhcd3mth;lt IVC' prcscntcd 
in this handbook d d  with vxiabiliy directly. through 
inclusion of mtistics thar pcr&n to the distributions for 

Sot d1 approaches historically uscd to constnrcc 
molsw or &mcs of cvp~surc hawe nttcmprcd to 
distinguish khvccn vxiixbiliry and u n c d n t y .  Thc 
;LsxsscIr is Jdvixd to use a variety of cxpoosurc 
dmcripro% and w k r c  possible. h e  full popuhtion 
distribution. when pmcndng the mults. This 
infomuon Will provide risk tnmm3p?i with J bcner 
undcrsrndinp of how ~xposurcls arc dismbutcd o w  (hc 
population and how variability in population activities 
inff umcs Ihb dismbution. 

Although incomplctc midpis is esscntidly 
unqruntifublc 3?i ;L swccc ofuncmainty. it should not bc 
ignored, At P minimum, thc wcssar should dwnbc thc 
m i o d e  for cxcloding p&culiu cxposurc scenarios; 
chh;mc&zc the unccdnty in lhesc decisions a% high. 

v3n'ws apdsurc factors 

- 

unccdnty is high. a sensitivity analysis can bc uscd to 
ctcdiblc uppcr limits on cxpasurc by way of o s c r h  of 
"what il" questions. 

Nlhough ;I~SCS?~OIS have d ~ y ~  U S C ~  dcscriptom 10 

communiurc the kind of scenario bcing addressed. thc 
1992 Elcpusure Guidelines cst3bliah c l w  qumtimtiwc 
definitions for thcsc risk d d p t o r s .  Thcse dcfinitions 
wcrt csablishcd to cnwc thst consislcnt tcrminoloby is 
uxd h u g b o u t  Ihc Apncy. Thc rkkdcscfipfors dcfincd 
in thc Guidclincs includc dcmiptors of individual' risk 
and population r isk  Individual risk descriptors rvc: 
inlcndcd to ;Iddm;l; qucstions dcdingwith risks bornc by 
individuals within 3 population. including not only 
mcmurcs of ccntnl tcndcncy kg.. avcngc or mcdian). 
but also those risk.. at thc high cnd of thc disfribution. 
Population risk dcscrip[ots rcfcr lo an asscssmcnt of thc 
cxfcnt of h m  to thc popuh~ion king addrcsscd. St can 
bc either ;UI c!timtc of thc number of wxs of a p;rrticutar 
effect that might occur in P population (or population 
scgnent), or a description of what fnction of thc 
population mceivcs upsurc?i. doxs.  or risks patcf  than 
a spccificd vduc. The data prcsentcd in the Exposurc 
Factors Handbook is onc of thc tools nvaihblc to 
cxposurc ;~ssussors to construct the vlrriou;l; risk 
dcxriptors. 

However, it is not sufficicnt 10 merely prexnt thc 
result?; using diffcrcnt cxposurc descriptors. Risk 
m a p m  should also bc prrscntcd with an analysis of thc 



4 
7 
12 

ValumeI - General Factors 

Chapter 2 - Variability and Uncersuiniy 
.. 

u n c m i n h  surrounding thew: dcwiptcin, t'ncsrtainty 
may hc prescnlcd ubing simple or v c p  wphistiutcd 
rcchniquc3. Jcpcnciinp on thc rcquircmcnr\ of the 
a\scksmtnL and thc m o u n t  ul'dlru xtihhlc. It is hc.pmc2 
the ~ o p c  of this hmdhndi to discus\ the mcchnnic- i d  

uncertainty ;inalpis in dcuil. At ;r minimum. ihc ; i w w r  
should addrcs5 unscminty qulitativcly hy ansucnng 
qucuions \uch as: 

U'h;it is rhc range or variahilirq c r f  the Lc) 
p m m c t c n ?  How wcrc rhs pxamctcr value. 
wlccted for uw in the ;L\ummcnt'l S'cro 
avcmpc. median. or uppcr-pcrccntilc ~.;iluc\ 
choscn? If olhcr shiiiccs hrwl k e n  midc. how 
would thc m u l t \  haw dillircd? 
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KWS for variou5 ag:C/w:x groups Juring winter and 
wfnmcr w w n s  ( O n d i m  Minixtry of Ssliional Health 
and Wclf~rc, 1981). Inmkc mtc W;L\ 31x0 cvdutcrl ;as ;I 
function of physical activity. The populaticrn that was 
xurvcyd matched thc Canadian 19% ccnsus with rrspcct 
to thc proportion in diffircnt agc, rcgional. community 
six and dwclling type group. Pmicipanu monitored 

tapwitcr consumed ;!way from homc. Thc survcy a h  did 
not attempt to estimate inchkc mcs for fluid!, othcr than 
Iapwmr. Conscqucntfy. no inrakc G:CS for total lluids 
wcrc reponed. 

Daily consumption distribution parrcrns for v;vious 
agc groups arc prcwntcd in Tablc 3- I .  For idult.\ ( o w  
I Y y e m  ut' ayc) only. the avcragc total 1apw;Ltc.r int:rlc 

raw wxs I .3S Yday. and Ihc 90th prccniilc rnlc w i ~ s  2.4 I 
Uday as dctcrmincd by gr:iphical in1crpol;ition. Thcsc 
dam follow a to~worm;il distribution. TIC inrakc data fiir 
milk!,. fcmdcs. and hvth w.cs cornbincd a.s P I'unction of 
ugc and cxprcsscd in 1hc unit* oI' millili[crs ( p r n i )  pcr 
kilogram body weight arc pmsn1ud in TiMc 3-2. The 
tapwstcr survcy did not includc t)tdJy weights id 11rc 
participants. but ihc body weigh informiition wah tukcn 
froin a Canadian hcdth survey dared 1981; i t  avcragd 
65. I kg for mdc5 and 55.6 kg l'ur I'crnJcs. f n b h  rxcs 
lor  qwcitic agc pwups an3 scxwnh arc prcwiirrd in T;iblc 
3-3. The avcmgc daily torat tapw;iicr inukc m c s  f ir :dl 
ages and w s m  conihincd was I .3S Way.  and [he 90th 
pc.rucnt;ic rate was 2.36 Ud;ry. The summcr intakc mics 
;w nurly thr urn\: ~s rhc winter intihc ~iics .  T h u  ;iutfrurs 
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S I 1  25 49 

44 63 91 I ou 
44 07 91 ICNJ 

bottled water or chingsx in thc diet within thc laat two 
dcc;ldcs Sincc the d m  wcrc collcctcc! Ibr only I thrcc- 
day period. rhc cxtnpolsdon to chronic inmh-r is 
uncemin. 

Ro.schrm~ und Hurnrusrcr (1992) - &)pmrniu/ 
Distrilrirriurts jur Wurrr Inrukc - Ro*krry cmcl Burmwtur 
(IYY?) tit lognormal distributions IO thc w;LIcr inlakc data 
rcponcd by Enhow and Cantor (IOK9) and mtirnatcd 
pcipul;r!ion-widc Jistribuhms for loml h i d  and total 
upwicr i n d c  b a d  on proponion3 ol'thc population in 
e x h  a p  group. Thcir publicatiun shows thc data and the 
tittcd IognonnaI diatrihuhns grJphicalIy. The mean 
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was cstimtcd as thc m o  intcrcrpt, 3nd thc standard 
deviation was cstimtcd &\ thc slapc of the h % t  fit linc for 
thc natunl logarithm of thc inbkc ratcs plotted against 
thcir corrcsponding z - ~ o r f i  (Rolchcny 2nd Burmasrcr. 
1992). Least qwc), tcchniqucs wcrc uwxl IO n t imtc  the 
bt lit straight lincs for the tr:msformcd daw Summary 
stahtics for thc kwir lognormal distribution arc 
prcscntcd in Table 3-1 1. In [hi\ uhlc. rhc *imulatcd 
halanccd population rcprmnts an adjustmcnt IO account 
for thc difl'crcnr agc distribution of thc Unitcd Sl;rics 
population in 19KK from thcqcdibmhuiion in 197H when 
Enhow and Cantor (I9S9) callccrcd ihcir dah. Tahlc 3- 
12 summ;~~izcs thc qmntilm and means ot'wpwacr inlakc 
as cstImtcd tiom thc ISst-fiI distributions. Thc mcan 
loul Upwnrer intake mtcs for thc hvo adult  population^ 
(agc 20 to 65 years. and 6S+ y c m )  wcrc mmstcd to bc 
1.27 and 1 .?A Uday, 

,tA RELEVA\T CEXERU P O P ~ \ T I O S  
s"rtPrEs os DRBKCVC i v , c r ~ ~  P.T,LKE 
l'htinnul tkadrmy nj'Scirnccrs (1977) - Dn'nkinx 

W'orrr und Ilrultlt - SXS (197'7) alculatcd thc 3vcf;~gc 
pc'r capiu water (liquid) consumprion per day to hc 1.63 
L. This ligurc was h&.d on a survey of t h c  fotlowng 
litcraturc uwrce,: Evans (1941): Bourne and 
Kiddm ( 1953'1; U'dkcrct 31. (1 Q57); \Vulf( IYSX); Guyon 
(IQWI; McSaII a d  Sshlcgel (I46Nj; Randall (1973); 
StLS (1974); and Pikc and Brown ( I Y f S ) .  Although Ihc 
calculrrtcd avcr~~gc inuhc ratc W;L\ 1.63 L pct day. 
SAS (19771 adoptcd a larger rate (2 L pcr day) to 
rcprcwnr the inukc of thc majority ot'watn con\umm 
This vduc is rclati\.cly'consislcnt with thc rota1 f a p a t c ~  
inukc- rate cltimatcd from the k c y  studim prllcntcd 
prcviou\ly. Howcvcs. thc u.w n f h c  [rm "liquid" was not 
clcarly dcfincd in this  *tudy. and it is not knoun uhethcr 
thc population\ ~urvcycd arc rcprcscfitativc of rhc adult 
US. population. Cnnequcntly, thc rcrsulrs of this m d y  
arc of limircd uw in rccommending total tapwater intake 
mtch and this \turfy is not considcrcd 3 k e y  study. 

H o p k i i s  und Ellis ( I W t j i  - DrinkinS \%aIcr 
Consuntprinn in Crraf Rritain - A study conducted in 
Great Briurn OVCT I h-wrck pnod during Scpi~mh7 and 
Cktuhcr 19%. c\timatcd the drinking wrrtcrsonsumptivn 
talcs of 3 , S S  individuals lrom 1.320 houcholds in 
England, Scc'oilmLf. and Waln (Hopkrns and €Ill\.  14WO). 
Thc participants wcrc wlcctcd randomly and wcrc asked 
t o  cnmplerc 3 quntionnoirc and a d i q  indicating thc p p  
and quan1ity OS ~ C V C K I ~  conwmcd ovcr a t-wcck 
pcntd. Tout liquid inwkc included tut3l wpwatcr ukm 
at homc and sway from homc: purchau-d alcoholic 
kvcngfi;  and non-tapwxa-hawd d n n h  Tcx11 rapumr 
included warcr contcnt of IC& coffcc. and other hot vratw 
drinks; homcmadc alcoholic k c r ; t g o :  and t a p w t c r  
conwmcd directly 3% s hvcragc. The awirned tapwarm 
contcnb for I h w  bL.wri~ge+ x c  p r m t c d  in Tahlc 3-13. 
B&wA on rcywnscs  from 35G parriciprrnt~ thc mmn 
intake ntn and frcqucnq disrrihurion data for vmous 
bcvmgc ciitcprin WCTC btimated hy Hopkina and Ellis 
(IYHO), Thmc d m  arc listcd in Tablc 3-14. The m a n  
pcr capu toul liquid imkc rate for all individuals 
hurveyd was 159 Ud:iy. and the mean pcr capita ior;l( 
t;lpwilter inukc T;IW W L ~  0.95 Uday. with a Wh pcrcmtilc 
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valuc af about 1.3 U h y  (which is the v d u r  of thc 
pcrcenrik for thc home opwatcr done in Tablc 3-12,. 
Liquid intake mts wcrc 31.w crumarcd fbr males and 
frmalcs in various age p u p  Tabk 3- I5 surnmarizcs 
thc t o d  liquid and ton1 tapwuarcr intake KIIW for 1,758 
d c s  mJ I .So0 tcmdcs goupcd inro 4 x  agc c;lrcgorics 
(HopkimsnJ Ellis. 1930). Thc rncm and 90th pcrccntilc 
10ta1 tipwitor i n ~ e  V ~ J U C S  for XIUILS ovcr ags IX y a m  

arc, wqxctivcly, 1.07 Uday and 1.87 Uday, a!! 
dctcrmincd by pooling data Tor mdles and l'cmalcs for thc 
thrcc adult age ixnges in Table 3-15. This calculation 
Lssumcs. JwsTablc 3-14 and 3-15. that thc underlying 
distribution is normal and not lognormal. 

Tho advmtagc of using thcx dam is h t  thc 
rcspon.sc.s wcrc not gcncrdcd on a rccdl basis. but by 
recording &lily intake in diarics. Thc lartcrapproach may 
rcsult in mom accumfc rcsponscs being gcncrxcd. Also. 
Ihc uw otroul liquid nn3 tocrl rapwatcr was wcll dcfincd 
in this study, Howwcr. lhc rcfativcly short-tcrm nil!urC of 
thc survcy malic cxtmpulation IO long-term consumption 
patKCfnS difficult. Also. thwe dam WCIT bawd on thc 
population of Grcat Britain and not tlic Unircd Slates. 
Drinking paterns may dil'fcr among thew populations u 
a r c ~ . ~ l t  ul' varying wthcrcondicions and wciocconornic 
I'accofi. For thcsc rczsms this study is not considcnd a 
kcy study in this document 

hrct rrraticmul Con:rrissiini oft Rodidi~~icul Pro~ec~im 
(ICKPJ (19XI) - Rtporr to the Tusk Croirp ON Rcftrcncc 
b h n  - Da~a on tluid intake lavcls h w c  also b c n  
summxixcd by the I nrcmationd Commission on 
R3diolo$il hotcction (ICRP) in thc Rcpon of rhc Task 
Group on Rcfcrcncc Man (ICRP, 1981). Thcsc inukc 
Icvcl.\ Ibradult?; and cliildrcn arc surnmarkcd in Tablc 3- 
16. The arnoun; of' drinking water (mpwtcr and water- 
bwcd drink) consurncd by adulls nngcd from about 
0.37 Uday to about 2.18 U d q  undcr "norrrml" 
conditions. Thc lcvcls for childrcn nngcd from 0.54 lo 
0.iY Uthy. Bccaux thc populations, survey dcsign, and 
infakc caicgorics arc not clcxly Jclind. this study Ins 
IimitcJ uwf'ulncss in dcvcloping recommended inbkc 
GIICS for LW in cxpsurc iwcsismenf.. It is rcported hcn: ~s 
a rclcvant study bccausc the tInding3. although poorly 
dctincd, arc conbistcnt with the rwula of other studies. 
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Chapter 3 - Drinkinr Wuer Intdc 
a4 
b 

wcr. f i r  this rcixwn. it k no: considcnd a kcy upw31L.r 
study in this dwurncnt 

inukc for different aduh agc goups (age 20 ycars and 
older) nngcd from 0.62 to 0.76 Uday. wirtcr-bwd drinks 
int;lkc rmycd fmtn 0.33 to 0.69 Udny. soup intake rmgcd 
from 0.03 10 0.06 Ud;iy, and mean toul kvungc i m k c  
Icvcls nngcd from 1.48 to 1.73 Uday. Total hpwarcr 
innkc ratch wcrc caimatrd by combining tlic avcrqc 
daily intalics ol'upw~tcr, watcr-bwJ drinb. and ~oups 
for csch ap group. For adults (ages 20 years and oldcr). 
mcan tom1 upwucr inuc  ~ I C S  nngc Imm I ,W to 1.37 
ULIay, and tbr children (age. < I  tn I9 y m ) .  mc:m inukc 
r.i:cB rdnLT tinm 0.19 io 0.90 Uday. Thcsc inlakc mtcs do 
not includc rcconstitutcd inhnt  formula, The IOIA 
opwsrcr inwkc rates, dcrivcd by combining data on 
t3pw:iicr. wairr-b;lscd drink\. and soup should bc morc 
rcpxscntativc of .wurcc-spcxitic drinking waicr inmkc 
ban thc tom1 bcvcrdgc intake mtcs rcponcd in this sludy. 
Thcsc intakc raws arc bascd on thc same USDA SKS 
data u s 4  in Enhow and Cantor (.!9H9). Ther~l'or~. the 
data limitations d i x u s s d  previously also apply to this 
study. 

Cuttrrw et a/. (1987) - Oluddcr Currcrrr. Drirrkrrig 
Wuiw Source. urn? Tupwurcr Cmrsiinrpriun - Thc National 
6 n c c r  Inhtitulr (?XI). in s population-bMd. cuc control 
study invmtigxing the possiblc rclarionship bctwccn 
bhddcr canccr and drinking water. inlcrvicwcd 
approxirnatcly Y,OOO adult whitc individuals, 21 IO 115 
!cars of agc (2,805 CLWS and 5 ,2S  conrrols) in Lhcir 
homo. using ;\ smdardizcd questionniirc (Cantorct d., 
19K7). The cases and controfs lusidcd in onc of fivc 
mctropolian ma\ (Adan&. Dctroit. bkw Orleans. Snn 
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drinking watcr intake rate rcconuncndaiions for adula. 
iUthough/uHC (199s) providcd little information on thc 
studies uvd IO drrivc mean and uppcr pcrccntilc rcconi- 
mcn&uons chc rcfcrcnccs indiulc that scvcnl of the 
midies uwd wcie the iu ones catsgorizcd as rcl~vmc 
studies in this handbook Thc mc3n adult drinking watcr 
rccommcn&tions in AIHC (1994) MJ this handbook .arc 
in agrccmcnt Howvcr, the uppcr pcrccntilc vafuc 
recommended by AIHC (1994) (2.0 Uhy) is slightly 
tower hm tht rccommmdcd by this handbook (2.4 
Uday). B ~ w d  on d m  providcd by %how and Cantor 
(19X9), ZO Udsy corrcspnds to only approxinmtcly the 
Sth pcrrcntilc of thc drinking water intnkc rJtc 
distribution. Thus, n slightly highcr valuc ih npproprintc 
for rcpmnring thc upper pcrccntilc (Le.. 90 to 95rh 
p x n t i l e )  ofthc distribution. tUHC (1994) alw prcwnb 
sirnulaw! distributions of drinking water inbkr :  b u d  on 
Roscbcrry and BWTWSIH (1992). Thee  Jiwibutions arc 
d w  discrilxd in d c d l  in Section 3.2 of this handbook. 
rWC (1%) ha!! h n  cl3zsificd ;L\ J rclcvanc rathcr tlran 
a k c y  study bc'~;uw it is not Ihc primary wurcc for thu 

L i i l ~ r  uscd to makc rccornrnundation!, for this documcnt 
USDA (1995) - Foid  unci 1Vutricnr itttukes by 

Ittdividiiuls in the Unired SIWS I Duy. 1!U9.91. - USQA 
(1995') collcctcd data on thc quantity of "plain drinking 
watcr" and various othcr bcvcrJgs consurncd by 
individuals in 1 day during 1989 through 1991, 'chc daw 
wen: collcacd as pan of USDA's Continuing Survey of 
Food Intikcs by hlividunls (CSFII). Thc data uscd fo 
cstimafc tncm pr capita intake ntcs  combincd onc-day 
dicury rccail data from 3 survcy ycm: 1989. 1990, and 
I Y Y  I during which 15.13 individuals supplied onc-day 
i n d c  dab. Individuals tivm all incame tcvcls in the 48 
conterminous SLILC\ and Wxshingtoii DOC. wcrc includcd 
in thc simple. A coiiiplcx thrcc-stagc sampling design 
was crnploycd and thc ovcr;lll wsponG mtc for tho study 
was 5% pcrccnt Tu minimize the biasing cfkcts of thc 
low rcspnsc rm and adjust for thc seasonality. a sccrics 
of weighting f;ictors was incurporatcd into the dam 
analysis. Thc int:ikc raics boscd on this study arc 
prcwntcd in Table 3-2 I .  Tilrblc 3-2 1 iacludus data fur: a) 
"plain drinking watcr", which might bc assumed 10 mcan 
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plrrcnrcd in Tabla 3-24 and 3-3. nspccriucly. 
k & n g  women hixi the highcst m a n  t o d  fluid inwkc 
rare CZS Uhy) cornpmd with both prcgmt women 
COS Uday) and control women (1 .Pt Llday). kcwting 
women had 3 higher mean total upwater inl;lke rJtc 
( 1 3 1  Uday) than pregnant women (1.19 Udi~y) and 
control wrncn (I .  I6 Uday ). The upwater dish butions 
;vt neither normal nar Iognomd. but Iacuting women 

a higher m n  rapwarcr int?kt *an controls and 
~ p c w o m .  m o w  et d. (1991) 31.w rcpncd that 
rud w m c n  (n=1.88S) consumed more tow1 watcr ( I  .W 
U&y) and tJpw3tcr C 1 3  Uhy) than urbdsuburbm 
women ( n 4 5 8 l .  1.93 and 1.13 V&y. rcspcctiucly). 
Tad m e r  and mpwcr i n a c  rata wcrc lowcsr in thc 
norhatern =$on of the Unit4 States ( 1  32 and 1.03 
Uday) and h i g h s  in thc western region of the Unitcd 
St;LtcTCO6 UcGyand 121 Uday). Mean inak pcr unir 
body wcighr w3s highest w n y  lnctadnywomcn for both 
to& fluid and t d  t 3 p w 3 ~  intak ?ob1 tapwtcr indc  
xcountcd for over 50 pcrccnt of man total fluid in  all 

chcsc Crab XLS (Scction 3.2). A further advantage orthis 
study is that providcs information on cstimtcs of t a d  
watmnd opwurr intake mccs for prcgnitnt and lactating 
women. This topic ha!! rmly becn addwsscd in thc 
I i t cmurc. 

3.5 HICHAtXlWTYLEVIEW/H - OTCLMATES 
dVc4Vull urd ScJile& (I%&) - Prucricul Tlicrmd 

Envi~nmcnta lLdts l i i r  Yonng Adult Mules Working in 
Hot, /himid Eirvironmcnts - M~Yalt and Schtcgcl(196K) 
conducted ;I m d y  that cvalwtcd the physiologic;ll 
tolcrimcc ofiidult m ~ h  worhng undcr v q i n g  dcgrccs or 
phpical activity. Subjccts wcrc rcquircd to pcdJ pcdal- 
driven pmpllrr fan* Tor $-hour work cyclcs undcr 
vaqingcnvironmcnul conditions. Thc activity p m m  for 
a h  individual w x :  cyclcd at I5 minuic peJdlingand 15 
miutc mt tor c x h  8-hour pcriod. Two groups of cighr 
subjects cach wcrc u . 4 .  W r k  r w a  wcrc dividcd into 
thrcc atcpr ics  ;LS follow: high acdviiy lcvcl (0.15 
honcpowcr (hp) per p a w n ) .  rncdium iictivity Icvcl(O.1 

three groups of women (“&IC 3-25). Drinking w m r  
;rcrauntcd for the t w s t  single prQportion of thc IOP~ 
fluid incake for control (30 pcrccnt). prepant (3 
pcnmt). and 1;tcntingwomcn (30 percent) (Table 3-26). 
AI o Q a  bcvmgcs combined accounrcd for 
nppraximatcly 46 pcfient. 43 pcmxns and 4s pcrccnt 01’ 

thc t o d  wtcr intake for conml. prcgtanc, and lactating 
women. rcspcctivcly. Food accounted for chc rcmininp 
pardon ~ f t d  water innkc. 

Tbc m e  3dv;ylt;lgcs and limiutions aswiated 
with thc Enhow and Cntor  (1989) At3 aIso apply to 

hp pcr psnon). and low activity Icvcl (0,05 hp pcr 
pewmi. Evidcncu ol’phpiwl sircss (i.c., incrcr\scd body 
t cmper~ tu~ .  blood pmahum. ctc.) WAS rccordcd. ;md 
individuals HCK climinatd tiom furthcr testing if ccmin 
stress criteria wcre met. Thc amount of waicr consumed 
by thc icst suhjcrh during thc work cyclcs W;I~ also 
rccordrd. Watcr was providcd to thc individuals on 
rcquca Thc wakr intake ratcs obuincd a: thc thrcc 
ditfcrcnr activity lcvcls and thc various cnvironmcnul 
rcmycnturcs arc prwnrcd in Table 327. TIC dam 
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- I5 0.653 
(0.73 

p m n t c d  arc tbr trst Nbjecb with cuntinuoua rtrrts only 
f.i.ct. those tcst subjccb who wcrc riot climinatcd at any 
SOST ofthcstudy as a rciult ofstrcss conditions). Water 
intake: vas thc hiyhcst at all activity Icwcl.~ whcn 
cnvimnrncntal tcmpcnturn were incrcascd. Thc higbust 
in& s i t  was otncivcd at thc low activity lcwcl at 100'F 
(0.65 Uhour) howcvcr. thcrc wrc no &lata tor highor 
activity Iwcls at 100°F. Ir h ~ l d  bc no1~3.l th;it rhth .rtudy 
cdmtrd i n m k  on M hourly ba& during various lev& 
ol'physid activity. Thhcse hour!y inakc mi- cannot he 
convcncd to daily inukc r;\tcs by multiplyng by 3 
hours/day bcc;lu< they ;uc only rcpmnhlivc of' intakc 
during t9t spcificd acuvig 1wA.s and the inukc rxch for 
the rrsr ofthc day are not known. 'Kercforz comparison 
of in- ntc VlJw from this study cannot bc made with 
d u a  h m  thc previously described studics on drinkin;: 
water intake. 

Unired Siorn; A m y  (1983) - LVuter Conarmprim 
Planning Fctcrorr Srdy - Thc US. &my has rlcvclopcl! 
w 3 m  consumption planing facton to cnablc them to 
m s p o r t  an ~dcqmce amount uf water to soldiers in thc 
field undcfvariou. conditions !US. Army. 19S). Both 

clirnatc and activiry lcvcls wcrc uhcd to dctcrrninc thc 
appropriate wicr consumption nccds. Consumption 
f';rcto~?r havc bccn established for thc following u.ws: 
I )  drinking. 2) heat trcstmcnt. 3) pcnonal hygiene. 
2) ccntnlizcd hygicnc. 5 )  fowl prcpmtion. 6) laundry. 
7) medical Vuntment, 8 )  vchiclc and aircraft maintenance. 
9) gravcs rcgistmtion. and 10) construction. Only 
pcnonal drinking water consumption factors NC dcxribcd 
hcrc. 

Drinking w w r  consumption planning factors arc 
Ix~ud on the cdrnxcd amount of walcf nccdcd tv rcpl;lcc 
!luids lost by urination. penpintion, and wspiration. It 
awrncs that water lmst to urinary output avcraps one 
qulrtkliy (0.9 Udny) and pcnpimtion losscs nngc from 
d m u i t  nothing in a convollcd cnvironrncnt to 1.5 
quartdday (1.4 Ucl;ly) in ;I vcry hoL climate whcrc 
individudh arc prforming strcnuuus work Watcr losm 
to rcspintion arc typically vcry low cxccpt in cxmrne 
cold whcrc w : w  losses can nngc from 1 to 3 quutdday 
10.9 :o 28 Uday). This occurs whcn thc humidity of 
inhaled sir is ncar zcro. but expircd air is 98 pcrccnt 
satuntrd nc body trmpcnturc (US. Army. 1983). 
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t 
USDA (1095) data NC no1 inrludcd k a u s c  tspwa~rt w;is 
not dc!incJ in the auwcy snJ ks:~usc: the Rqmnw ralc 
W;L\ low. although thc rc.sult\ (showing lowcr inr iks  lhan 
the studic?, based on older dan) my be ;~ccunlcly 
rctlaxing rn cxpcvrcd lowcr uw oT upwater (coinpad to 
1973) bccauw of increasing u* of botrlcrl warcr and soft 
drinks in rcccnt yean. 

11 VJUC of 1,31 Uday, which is the population- 
wcighlud mcm of thc two national sruclics (Enhow and 
Cantor, 1989 and Canadian Ministry of Hulth and 
Wdfsrc. I9X1) is thr xcomrncndcd w m g c  upwJtcr 
inufrc mte. 

Thc m m g c  ofthe 90th pcrccntilc V~IUCL liom thc 
mmc two studics (2.35 Udsy) is Rcommcndcd 3s the 
appropriate uppcr limit. (Thc commonly-u.d 2.0 Ud:ty 
in&- mtc cornsponds to Ihc 83th pcrccntilc dthc inukc 
rate distribution mung tfic adula in thc Ershow and 
Cantor (1989) '~udy) .  In kcoping with ulc hire to 
i n c o p r m  body weight into cxposurc ass~s.' 9 \mcnn 
wilhout intraducing cxv3ncocs cmrs, thc valucs from ths 
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worncn arc prcscntcd in Table 3-25, The recornmcndcd 
i n c k  vducs arc ptcscnicd in Table 3-30. 

Hixh ActivipMor Climates - Data on in& mtcs for 
individwls prrfbrming .smnut)Us ;~ctivitics undcr v;lrious 
cnvi tonmcnd conditions arc limitcd S o n c  01. thcsc is 
clawd as a kcy study kwuw the populations in hcsc 
studics arc noc rcpmnntive of the gcncnl  US. 
population. Howcvm. the data pmscntcd by McSaIl and 
Schlcgcl(1968) and US. Army (!983) provide bounding 
i n s k c  valw for these individuals According to >f&aIl 
and Schlcpl ( I  %8), h o u l y  intake can m g c  from 0.2 I to 
0.65 yhour depending on h c  tcmpcmturc and activity 
lwcl. I n m k  among physically active individuls  can 
m b T  from 6 Uhy in iCt'llpcKltC di rna tcs ,~O 1 1 vday in 
hot climtcs IUS. Army, 19Y3). 

A c h m t c r i u t i o n  of the ovcnl l  confidence in thc 
x c m c y  and approprimness of thc rccommendations for 
drinhing water is prcscntcd in Tablc 3-35, Although thc 
study of Ershow and Cantor (1989) is of high quality and 
consistcnt with thc other survcys. thc low currency of thc 
information (1978 dab col l~r t ion) ,  in [hc prcscncc of 
anccdoml information (not prcxnrcd hcrc) that thc 
consumption of bottlcd witcr and bcvcnpcs ~;LI i n c r c a d  
sincu 1980 wxs the main rcc;Lson for lowcring the 
confidcnsc scorn of thc overall rccomrncndotions from 
high to medium. 

c 
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Ciroptcr 4 - Soil Inamtion and Picn 

4. sorL ISCESTIOS ASD rich 
4.1. B,\CK.GNaU>n 

The ingestion of'wil is a ptcntial wurcc 111' humin 
cxposurc tn toxicants. Thc potential lbr exp>surc' to 

conaminant5 via t h i h  sourcc is grcatcr for shildrcn 
bccausc t h q  arc mirrc Iikufy to ingest morc soil than 
adults as a rc\ult of behavioral patfcrns prcwnt dunng 
childhood. In~dvcnent wil ingotion among children my 
clccur through thc mouthing of ohjccts or hands. 
Mouthing hchnvior ib considrrcd to k a normal phmc of 
childhood dcvclnpmcnt. Adults my dso ingcsr s o ~ l  or 
duht puniclcs th;it acthcrc to fcxd. cigxcttcs. or  thcir 
hand\. Delihc.ratc ail ingcstion ih dcfincd as pisa and is 

considcrccl to hc rclativcly uncommon. Bccaue normal. 
inadvcrrcnt mil i n p c h n  is  more prcvalcnt and data for 
individual\ with pica khavior arc limited, this  sccricln 
fixu- primarily on nom1 soil ingcstion that t)ccu~* as 
a rcsuh of mouthing or unintcntional h;lnd-to-mouth 
activity. 

scvcra[ sludic\ h v c  hccn conduitcd t o e I ~ m t c  thc 
amount of Mil t np tcd  hy childrcn. M o s t  ol' thc a r l y  
sludics aftcmpicd to cstimtc the amount of ml ingntcd 
by mcasuting thc amount of din p rc rn t  on childrcn's 
hands and making pcncnlilations baed on hchavior. 
Mort recently. 4 1  intake studics haw k c n  conductd 
uhing a mxhoclnlngy h t  mcxsurcs tncc clcmcnts in fcch 
and ail that arc k l iocd  to hc p w l y  ahwvkd in the gut. 
Thee mcasurcmcnts arc uucd to mtimtc thc m o u n t  id 
wil inpcstcd ovcr a spcciticd t imc p o d .  The svailablc 
studicI on wil inakc arc summan7cd in thc following 
wxtionr. Studio on MJI intake among children haw hccn 
classified as cithcr I+ stud i~ l  or rclcwnt studin on 
thcir applicability 10 cx.pchurc asursrmcnt DCCJI. 
Rccommcndcd intake r a m  arc biwd on thc redo of kcy 
studin hut rclcvrmt studics arc alw prwntcd to prnvidc 
thc m d n  with rrddcd p p c c r i v c  on thc curcnt statcaf. 
knowlcdgc pertaining to soil innkc. Information on *Oil 
ingchan among adult\ ih prmntcd bw!d on xailahlc 
data from 3 limitcd numbct of studin. This i \  an YC;L 
w h a t  morc daw and more r w c h  xre nccdrd. Rclcvant 
infonn3tion on rhc prcvdcvcc of pica and innk among 
individual* exhibiting pica khavior is a l a  prcwmted. 
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ovcmlf mean soil ingestion cstimatc base(! on the 
minimum of the h individual uxa atimatcs for each 
child n IO$ m g h y  (mp 4 to 70s). The 95th 
pcrrcntilc values for aluminum. silicon, and t imiurn wcrc 
5 s  rng/&y. siy rnglday. and 9590 mlJhy.  mpc~mcly. 
The 35th pcrccntilc value bawd on the minimum of the 
thrLr individual m r r  cstimccs for a h  child was 386 
mglday. 

Thc authors wcrc ROL able to urpliiin rhc Ciffcrcncc 
kcwrm the rnulu for titanium and for thc oihcr two 
clcmenh, but spccuhtcd c!!t unrecognized sourccs of 
titanium in tkdictor in thc labomtory procm\ing of stool 
~ p l c s  m y  have accounted for the ir\Cxcud Icvck The 
frcqucnly distribution p p h  of soil ingc-tion cstirnat- 
b j x d  an titanium sbows thar ;r group of21 chlldrcn had 
p;uricu:arly high ritvlium valucs &e.. >l.OOO rngday). 
The rmn;lindcr ofdrc chiIdrcn showti titanium i n s s t i o n  
e?ltimzc> at lower Itvcls, with a diszibution mom 
cornpmblc to drat of the other elements. 

The ad\nnclb,p of his study arc d u e  3 rclativcly 
I ~ T  number ofchildren were - d i d  -3 tncaclcments 
w m  uxd to estimate soil inhmtion. Howvcr, the 
children studied m y  not be repmcnmtivc of thc US. 
p o p u h i o o  ;urd the study did not XCOU~K for ~ C C R  

inbmtd via foob; or medicines Also, rhc UW ot' an 
~d fd wight instad of mu! fkal w i g h a  m y  
have b i z 4  the RS&S of his snrdy. Finally. beuux of 
he dm-tmn n;rturt of thc survey. soil inrake estimates 
m y  not be entirely rrpwnntivc of longtcrm behavior, 
espccidly at L!C uppcr.cnd ot'thc dismbution of intake. 

Cfousing c r d  (2987)  - A rtfediod forE3timutin.q 
Sbii Inpsriion Ly ulikfren - CIausing et al. (1987) 
conducthi 3 wit ingat ion linrdy with Dutch childrcn u~ing 
a rncaclemcnt methodology simiIar to that of a indcr  cc 

(1986). Auminun timiurn and acid-inwlublc 

rcsiduc (AIR) uontcncs wcrc dctcrmhxl for fcal umplcs 
from children. agcd 2 to 4 y c m .  mcnding P nurscry 
school. and for ,mplcs of playground din 31 [hut .*cfiool. 
Twcnty -men  daily fecal samples wcrc obthcd ovcr P 
Sday  pcriod fur thc 13 childrcn cxmincd .  Using thc 
avcngc soil conccntmtions prcscnt at thc school, and 
assuming 3 standard feed dry wcighc of 10 g/day. 
Clausing et a]. (19217) cstirn;lwJ soif ingestion for cich 
tracer. Clnusing ct aI. (1987) 3150 collcctcd eight daily 
fccil sample5 from 51% hospitalized. bcdriddrn childrcn. 
Thcsc children scrvcd (LS; a control p u p .  rcprcscnting 
childrcn who had vcry limitcd access tu soil. 

The s v c n p  q u t i p  of soil ingcstcd by the school 
childtcn in this study was as follow: 3 0  mgday (nngc 
"3 to 979 mdday) for aluminum; 129 mg/d;ly h n g c  48 
to 362 mr;lJay) for AIR and 1,430 m g d a y  (range 64 to 
1 1.620 rndday) for titanium (Tablc A2). A*: io Ihc Bindcr 
ec al. (1986) study. J fraction of rhc children (6119) 
showed titanium valucs wll abovc 1.O00 mdday. with 
most of rhr remaining children showing subsmntislly 
Iowcr vdwa B~sc(! on thc Limiting Tnccr Method 
ILTM). m a n  soil inrakc was cstimatcd to bo !OS rndday 
with a papulation mndd dcvhtion of67 mg/day (mnp 
23 to 362 rnghy). L'sc of thc LTM wumcd that 'the 
maximum mount of soil ingcstcd comspondcd with thc 
luwcst cdmtc  fwm thc rhrcc tm~cts" (Clnusiny et at.. 
f987). Gcorncvic mean soil inmkc was cstimatcd to bc 
90 rnl;lday. This ;~ssumcs thir thc maximum mount af 
Mil inptcd a n n o t  bc highcr than h c  lowcst cstimatc for 
thc individual mccn. 

hican soil i n d c  for thc hospiralizcd children was 
estimated to be 56 rndday b*scd on duminum (Table S- 
3). For timiurn, [hrcc of rhc ctrildrcn had cstimatcs wcll 
in cxcchs of 1,000 mghhy. with thc nrmin ing  thm* 
children in thc rugc of 28 [o 58 rngkby. Using thc LTM 
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sour~c of duminum, However. conditions bpci tic to 
hospit3limion (e.& medications) wcre not considered. 

~ ~ u r u n c f i t s  w s r ~  not rq~ncd for the hospitdircd 
childm. Assuming &at the mer-bawd sail ingcstion 
ntaobsrrved in hospiolizcd children actui~lly lrprcscnt 
background mccr inwkc from dietary and orhcr nonsoil 
50- m u n  soil ingestion by nuncry school children 
was cstimxd ta be 56 mghhy. bawl on &hc LTM (i.c.. 
105 rngday for nuhery school childm minus 49 mg/day 
for hospitalbcd childrcn) (Clausingcr ai. 19S7). 

Thc;rdvmc;lp ofthis study arc that Ctausing u t  al. 
CI9M)mduatcdwiI’ingcstion amongtwo popularions of 
children that had diffcrenccs in acccss to, soil. and 
c o m d  a i 1  infakc wcs b a d  on background cstimtcs 
d c r i d  fmm thc hospitalid p u p .  However. a smallct 
numbcr of childen wcrc used in chis study than in thc 
Bindcrct PI. (t986) study and these childrcn may not be 
rcprcsrnptjvc of the US. popukuon. T m c r  clcmcne in 
f d s  or nudicincs wrc not cvdurcd. iuso. inukc rates 
dcrivcd from this study my [KIL bc rcprcscnmtivc of soil 
in- o w  thc long-tcnn bcmw of the shun-en nmrc  
of thc study, b addkion. onc of  the factors thar could 
affcct soil incake mtcs is hygicnc lc.g.. hand washing 
tirqucncy). Hygienic pncticcs can vary across countricr 
and culturn and m y  bc morc sainpntly cmphuizcd in 
it mom Joucturrd mvimnmcnrsuch u child a r c  ccntcrs 
in ’The Scrhcrlmds and olha European counuie+ chm in 
child urc ccntcrs in rhc Unitcd Sues. 

Cal;ahrc.srrta& (I 989) -How Much Soil &I Young 
OtiUmn I n g r x ~  ttn Epidemiologic Study - C;rl3hmc et 
d. (l9S9) studied wil inbmtion m n g  children using thc 
basic Wcr d&pl dcvcloped by Binder ct 31. (IYH6). 
Howcwr. in conmsc to the Binder ct A. (1986) study. 
eight accrclcmcntr {k, aluminum barium, m m p n t x .  
silicon, titanium. vmdium. ytfrium. and zirconium) wcrc 
;mal@ inrlwd ofonly lhm (ix.. aluminurnsilicon. curd 
ticmiurn). A total of 6.r children bctwscn the a ~ ; ”  of 1 
and 4 yews old wre includcd in the study. Thcsc 
children wcrc all sclcrtcd from the parcr  iunhcrst. 
hiw4wsctrs m a  and wcrc prcdomin;mt!y from two- 
p m c  household+ whcrc thc parcnks wrc highly 
cducatcd The Cdabrcsc: ct ai. (1989) ~ u d y  was 
conductcd aver cight day?, during ;1 two wcck period and 
incldcd rhr use of a mss-bdmc mcthodolob? in which 
dup l iu rcmplao f  food. medicines. vitmins, and othcrs 
were collected and analyzed on ;L daily bxsk in ddition 
to soil and dust smp:cs collccrcd from the child’s home 
an& play area. F d  and urine wnplcs: wcrc also 

co!lccrcd and andyzcd for mccr clemcnts. Toothpdtc. 
low in mccr content, was providcd LO dl participants, 

In ordcr to validarc thc mwbdancc  rncthodoloby 
used to csumatc soil ingcstion mtcs among childrcn ;ind 
to dcccnninc which lmccr clcmcnu providcd rhc most 
nliablcdrrttl on Mil ingcsjon. known mounts ofsoil’(i.c.. 
300 mg ovcr thrcc days and I300 mg O V C ~  thrcc days) 
containing cight racers wcrc adminisicred to six adult 
voluntccrs (i.c.. thrcc males and thrcc fcmnlcs). Soil 
m p l c s  and liccs sllmplcs from thcx adults ;uKt dupliwtc 
food samplcs werc andytcd for mccr clcmcnbi lo 
wlculatc rccovcry nres ot-tmccr ulcmcncs in soil. B a d  
on thc d u l t  validation sludy. Glabrcsc CK a). (1989) 
confirmed that the mccr mcthodoloby could adcquatcly 
dcrccc vaccr clcrncnrs in fcccs at lcvcls cxpcctcd to 
correspond with soil idfakc ~ L U S  in childrcn. Glabrcsc ct 
al. (19x9) also lound that aluminum. silicon, and ytvium 
wcrc the most rcliablc of the cighr mccr clcmcnts 
andyzcd. Thc standard dcvhtion of rccovcry of thcsc 
three mccrs was rhc lowc.sr and Ihc pcrccnlagc of 
recovery was closcst to 100 p m n t  (Cdabrcsc. ct al.. 
1989). Thc rccawcry of Lhcsc thrcc tmccrs mngcd from 
120 to 153 pcrcent whcn 300 mgof’.wil had becn ingested 
ovcr a threeday pcriod and from 88 to 94 pcrrcnr whcn 
1.500 mg soil had bccn ingcstcd ovcr (L thrcc4ay pcriod 
(T’ablc 4-21. 

Using chc thrcc most rcliablc fnccr clcmcnb. the 
mcm soil inlllkc rxc forchildrcn, adjusted to account for 
thc amount of mccr found in food and mcdicincs. was 
cs:imted to be 153 mdday bkwd on aluminum, 154 
rngkiay bh-d on silicon. and 85 mdday b w d  on yttrium 
(Table 4-3. Mcdian innkc mtcs wcrc somcwhnr lower 
(29 mgday for aluminum. 40 rngday far silicon, and 9 
mgday for ytrrium). Uppcr-pcrccntilc (i.c.. 95th) valucs 
wcrc 223 ml;/cl;ly for aluminum, 276 mg/day for silicon, 
and 106 mylday for yttrium. Similar rcsults wcrc 
obscrvcd when soil and dwt ingcstion was combincd 
(Table 3-5). Inbkc of soil and dust was cstinatcd using 
o wcighlcd avcngc of racer concentmion in dust 
compositc samples and in .soil compositc umplcs bawd 
on thc timcchildrcr: spcnt at homc and away from homc. 
and indoors and outdoom. Calabrcsc ct 31. (1989) 
suygestcd that thc usc of titanium as 3 mccr in carlicr 
studics that tacked food ingcstion dam may havc 
sipific;mtly ovcrcstimrcd soil in& k a u s c  of thc high 
lrvcls of timiurn in food. Using the mcdiw valucs of 
aluminum and silicon. Cdahrcsc et al. (1989) cstimicd 
thc quantity of soil ingcstcd daily lo be 29 mdday and 
43 mgday. rcspectivcly. It should bc norcd that soil 



ingestion for onc child in the m d y  rmgcd from 
approximtcly 10 10 15 grmddiiy during thc econd wck 
of observation. A v m p  wil ingation for this child u s  
5 to 7 mg/day, hxcd an thc cntirc study pcrind. 

The advantagn of this study wc that inlakc mtcs 
wcrc corrcctcd for mcr conccnnatians in f ’ d h  and 
mcdicinn and that the mcthodology w w  v;llidcl[cd uing 
adults, Also, intake was o b m c d  over a longcr time 

pcnd tn rhk srudy h in culm m d i o  yrd the number 
of  mcm uud wx\ larger than for 0th \tudim. A 
rclativcly large population wa+, \tudicb but they may not 
be cnnrcly rcprmbtivc of the US. population b u u :  
thcy wcrc sclccted from a single location. 

Davis CT al. (Iwloi - Quuntirczrvt & n i ~ c s  of Soit 
Inpstuin in Y o m l  Children Bcnvem the aRcs of2 and 
7 yrars: Populnrion-Bared Esrinuues Umtg Aluminum 
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Thc soil intake t;ltcs wcrc corrcctcd by adding ihc mount 
of mccr in vitunins and mediat ions to t h c ' m o u n t  of 
mmin food;cmdadjustingthe fooJ qumities. fcccs dry 
weights. and mccrconccnmt ions  in urinc 10 account for 
missing m p l c s .  

Soil ingestion races were highly vyiablc. cspccidly 
those b d  on timnium, Mean daily soil ingestion 
atimtt~ were 38.9 mgday for aluminum, 824 m@&y 
for silicon and 2455 mglby for t imiurn  (Table 4-6). 
Median ducs we 25 mg/day for aluminum. 59 mglday 
for silicon. and 8 I rngldrry for titanium. Davis  ct d. 
(1990) Is0 cvdutcd thc cxxtcnt to which d i f fmnccs  in 
rnccr codccntmtiom in housc dust turd yard soil i m p m c d  
cjdmatcd soil ingestion mcs. The v d u c  uscd in the 
dcnominitor of Iht m3ss bdancc cquacian wns 

(DW, - DW,, ) 
% -  (Eqa. 4-2) 

rccalculatcd to reprcscnt a wcighrcd 
avmgc of the mcerconccncration in yard 
mi1 and housc dust biucd o n  the 
proportion of lime thc child spent indoors 
mnd outdoots. Thc 3djasICd mcan wiUdust 
in& rates wcrc 64.5 mg/day for 
aluminum. 160.0 m@&y for silicon, and 
268.4 rng/day far tiunium, Adjust& 
mcdion wiUdust intake mcs wtrc: 5 I .8 
mddoy for aluminum, 112.4 rng/day for 
silicon. and 116,6 mg/d;ry for titanium. 
Davis c c d .  (1990) dm obxrvd that thc 
following dcmobmphic characteristics 
were uociatcd with high soil incake mks: 
mdc scx. non-whirc ncial group. low 
i ncom.  opcntorflaborcr as the principal 
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occupauon of thc parent, and cip of midcncc. Howcva, 
nonc of thc.u fanon were prcdictivc of soil inkkc rat- 
when tcstcd using multrplc liner rcgrmion. 

Thc advanisgn of thc Davis ct aI. (IW) \Trudy arc 
that soil intake mtcs wcrc concctcd bawd on rhc mcr 
conicnt of foods and mdicincs and that a relatively luge 
numbcr ofchildrcn w m  sampled. Alm. demogmphic aMt 
bchavionl intomtion cnllcacd fur thc sumcy goup. 
However. although a rclrrtiwly lsrgc umplc ppularinn 
\*a\ survcycd. thcx childrcn wcrc a11 from 3 *ingle area of 
thc U.S. and may not I.rc rcprcxnhti\r of  thc U.S. 
population as I\ whulc. The \tudy wa\ conductcd wcr a 
one-wcck ycricd Juring thc wmrncr and miy not he 
rcprwn.;ltive of long-term ti.c., annul ) partins of 
intakc. 

Van Wjnrn rr al. f!(f+f)J - €hnu:td Sot! 
I n p s t i c m  by CiiiIdrm - In 3 study by Van U'ijncn ct AI.  
(1990). mil i n p x i i m  among Dutch childrcn nnging in 
rrgc from 1 to S y c m  win c v ~ l u ~ c d  win): a trxcr clcmL1.t 
mcthdoli?&!! \imrlar to that uwd hy Clau\ing et SI. 
(19H7). Van N-ijncn ct ;I\. ( IWO, m;trurcd 1hrcc t r ; cws  
(i.c., tiunium. aluminum, and AIR,  in  -oil and icco and 
c\timtcd Mil inpdion h a d  on thc LTM. An awragc 
daily fccc\ wcighr of 15 g dry wcight was assum-d. A 
toul of 242 childrcn iittcnding &>cue c c n l m  w r c  
sampled dunng the lint d I w n  ampling p r i A  and IM 
childrcn wmc umplcd in thc urccincl umpling p+ixI: lCl2 



countriss and culrurca and may bc more siringcntly 
cnrphssircd in a mom smturcd cnvironmcnt such ;L\ 
child cart ccnicrs in The Scthcrlmds and orhcr Eumpcan 
countries than in child cam ccnicrs in thc Unitcd Starcs. 

SIunrli and Ccluhrtsc (19950) - Ouily firinrum 4.f 
Suif Ingemim rrr Children - Stanck and Ghbrcsc (tY9Sa) 
pnwntcd a rnclhdolorry which link6 tlic pliysicnl p ~ w g c  
of food and tical unipfcs IO conscruct daily soil ingcstion 
csrimatcs from daily food and fccsl tncc4cmcnt 
ronccnmtions. Soil ingestion drru for childrcn obtiincd 
lrom the Amhcrst hiudy (Calabxsc et al.. 19HY) wcrc 
rcmdyml by S~mnck and Calnbtcsc (IY95a). In the 
A r n h m t  srudy. .soil inpstion mcxsurcrncnt!! wcrc midc 
ovcr a period of 2 w c o b  tor n non-nndom wmplc ot' 
mty-four childn'n (agcs of I4 ycm old) living adjxcnc 
IO an d c m i c  arc3 in wcsrcm %Irr.iachuwb. During 
each wck, dupliatc food samplcs wcrc collccicd for 3 
consccutivc days and fecal wmplcs wcn: collcctcd for 4 
conxcucivc days for each sobjcct. The total amount of 
c x h  ofcight trxc ckmcnL.; prcwnt in thc food and fcwl 
s.implm wcrc rncawrcd. The cight tmcc clcmcnw arc 
aluminum. barium. rnanpncsc, silicon, titanium, 
vanadium. yttrium. :md zirconium, Thc authors 
cxprcsscd thr mount of tncc clcmcnt in food input or 
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fccal output as LI "mil cquivalcnt." whish was dclincd a\ 
thc amount of thc clsmcnt in nvcngc daily f i ~ d  inlakc (or 
avcrnpc daily fecal ourput) dividcd by thc concrnfr;rtion 
of thc clcmcnt in wil, A lag pcriid of 2s houh krwccn 
food intakc and fecal output was assumcd for dl 
rcspndenLs, Day I for thc ld s;implc sorrc\pindcd t o  
thc 24 hour pcriod from midnight on Sunday io midnight 
on Monday of LI study wcck; day 1 ot' the fecal ample 
corrcspondcd to L!C 24 hour pmixl from noon on hlonhy 
to noon on Tuehdoy (Stanck and Cal;rhrcw:. IUYSa). 
Based on the- definitions. rhc fad wit cquivalcnt wits 
subtractcd from thc fecal soil cquivalcnt 11) ohuin an 
cuimafc of mil ingestion for 3 vacc clcmcnt. h dsily 
"overall" ingcdon cstimatc wxs constructed for each 
child as the median of trxc clcmcnt valucs remaining 
aftcr W J L ' C ~  falling outside n f ; h  dctincd r;rnpc around thc 
o~crall median wcrc cxcludcd, hdditianally. estimate of 
thc distrihution of soil ingchtion projccrrd ovcr a perid 
of' 365 days were derived hy fiitinx lop-normal 
distrihutians io khc. "overall" d;dy 4 1  ingcstion -timic*. 

Tahlc 4-9 prclcnn thc ~ltirnatn of mean daily uiil 
ingcstion intitkc pcr child tmgldayj for the 64 *ludy 
pruricipmb. (The aulhon nlw prcscntcd c?;tim;itcs of thc 
mcdian values of daily infakc for c x h  child. For rntw 
risk ;iwwmcnt p u r p w  rhu child mcan v a l ~ m ,  which arc 
proportional to thc cumul;lrivc 4 1  inuk hy thcchild. arc 
nccdcd inatcad of thc mcdian v d u n , )  The approach 
adop~cd in this paper lcd to changm in i n p s i o n  f i t i n u t h  
from thasc prcscntcd in CalahrcG CI al. ( l9HY ). 
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ingxion cstimtcs acres\ xccpmblc m c c n  provide, the 
most rcliablc ingtstion cstirnatcs. The validity ot' this 
miurnption depends on the particular wt of i m c n  uscd 
in the study. and is not fully xwsscd. 

Tirbk C10. L~wtuted Dirrnbuiiun of IndiwJUl blew Duly So11 
Inpmon Ikud on Dnri fur 6, Suhjech 

Pmrwrl.ll orrt IhS DBW' 

b b r  I - :.:w fllg/d" 
SOlh h n n l r  cnmliun) 75 nigld 
Wh Rmmk I.IWnigld 
Wrh R.rrmtrlc I ,7* I 4lI!t/,i 

t h e d  on timnga lq-ocrmid Jirrnbuiim in Indd  duly uiil 

' .%bjcW wtb p i a  aciurtnl. 
*in:r QnrrC  .ml C.rlnhmc. IW*R 

ingmntm dtm. 

In developing thc 365 b y  wil inpsiion emnatch 
d m  bit wcreobmincd ovcra slrorr pcrioci of time (as is 
thc caw with all ;rvailablu soil ingestion .itudics) wcrc 
extrxpobtcd over I year. The 2-wctk study period may 
not rrflcct variability in r - c r  clcmcnt inycstion over 3 
yew. N'hilr Sunck and Calabrcsc (!!Ma) m m p t  to 
ddms this through lo~moml  mdcling of thc long tCRn 

incdic, n L w  uncertaintics arc intrrxfuccJ through the 
p;mmemis modeling of rhc limircd subjcct h y  dtru. 
ALw. rhc m p l e  popdation s i x  ofthc original study w ~ . i  
small and sire limircd. d thcrcforc. is not rcprLwnt;ltivc 
of the US. population. Study mean mtimarcs of wif 
inpcstion. such ;LI rhc study rnm cstimatcs prcxnrcd in 
Table C Y .  arc sub*tmtially mow rclbbk thm any 
available distributional cstimtcs. 

Stand and catrl,rrsr (I9951~1 - S4d Iirgtstion 
&timates for Use in Site Evaluations h . s d  {Jt I  rhr Rc3-t 
Tracer Mttlrod - Smnek ;md G1abrc.u: (1935b) 
d c u l a t e d  ingestion rates chat wcrc cstimtcd in thrcc 
prcviou nuwbalmcc w.lics tC3l;rbm- et a!., I!" .and 
Davis et al.. 1WQ for chiIdrcn's soil ingestion. and 
Ghbrcsc  ct 31.. IWQ for adult mil inpxion) umg [he 
Bc%t TnccrSkthocf (BT?rl). This method allow for the 
dlrr ion of thc most rccovcrablc trxcr for ;L particular 
subject or bwup of subjcct-i. 7F.s wlcciion prwcbs 
invoivc- odcnng ~c clcmanls fbrcach subjcct bxed on 
foodsoil (FS) r d h .  These ntiob arc cstimatcd by 
dividing the total mount of thc mccr in food by the 
tmccr conccnntion in soil. The F/S nttc, ia small when 
L!C mr'r conccnmriun in 1ixx.f is almost icro whcn 
comprvcd io Ihc V;LOc'rcowcntnlnuon in wil. A smll F/S 
nrio is dninblc b e a u x  it lcssena the impact of* tnnsit 
time c m r  (he emr that occurs whcn few1 outpur doc!, 

not rc:lccr food itigchtion. duc to fluctuation in 
g;rscruintcstinal tmsit timc) in thc soil ingcstion 
wlculation. Becauzc the rccovcnbifity of trxcrs can v"y 
within any gmup or individuals, the BTM uses a rmking 
shctnc 01'FlS rJtios to dctcrniinc thc bcst tracer?, for usc 
in thc ingcstion rate cdcuhtion. To rcdocc biasccs that 
may occur as ;L result ofwurccsof I'ccal tnccrs othcr than 
hd or wit. the median of soil ingcsdon cshwtcs bawd 
on thc four lowrst F/S rdtios wab uscd to rcprcsent soil 
ingcstion :imong individuals. 

For ;~dulu, Sun& And Calabrcsc (1995b) uwd data 
I'or 8 tmccrs from the Calabrcw ct at. (1990) study to 
cslimatc soil ingcstion by thc BTM. Thc lowest FIS ratios 
wcrc Zr and A1 and thc elcrncnt with thc highcst FIS ratio 
WLS Mn. For soil ingcsridn cstimaics b:wd on thc mcdim 
of thc lowst four F/S ntios. thc trams contributing most 
olirn to the mil inpition csdmtcs wcrc AI. Si. Ti. Y. V, 
and a. Using thc rncdian ofthc wil ingchtion ~l i tcs  b;wd 
on thc bcst four traccr clcrncng the averapc adult soil 
ingcation rite was csiiinatcd to bc 64 mg/day with a 
mcdinn of87 mg/day The 90th perccntilc a i l  ingcstion 
estimate wa.* 1.;: nighjay. Tlrcsc cstimarcs :ire b a d  on 
IS subject wck! tior the six ;idult voluntrcn dcscrikd in 
Cahbrtx et 31. (IYYO). 

For children. Sunckand Calabrw (1995b) uscd 
data on H tr-cch froin C;rlabrcsL' et 31.. 1989 and daw on 
3 : ~ J C C ~ S  t'rom Davis ct at. (1990) to ustimarc soil 
inpcstion mtcs. n i c  mdim ol'ihc soil ingcaion csiimatcs 
from thc lowcst four F/S cities lrom the Calsbmc ct 4. 
( I YY9) study most ol'tcn includcd AI. Si. Ti, Y. and 7 ~ .  
Bawd on die mudim ofaIl ingestion cstimatcs from she 
bcsr four mccn. the mcm soil ingcstion rate was 132 
mglday and drc nicdi;in was 33 rnddrry. Thc 95th 
pctvuntilc value was 153 n i g h y .  Thc.sc cstimatcs arc 
h a d  on data f'or 1 3  subject w c c h  for thc bj childrcn in 
the CdabrcN: ct 31, ( 19x9) study. For thc I01 childrcn in 
the Davis ct 11. ( 1900) study. thc m w n  soil ingcstion rJtc 
was 69 m g h y  and the median soil ingestion raic was 4d 
rngiday. The 95th pcn'cniilc cstirna:c WL\ 3 6  mgday. 
Thcx dab arc b ; d  on die thrcc trwm (i.c.. AI. Si. and 
Ti) t'rom the Dwis ct 31. (1990) study. Whcn tlic 
Cnlabrcw ct 31. (19H9) ;In3 Davis ct at. (1990) studies 
wcrc combiricd. soil ingcslion WAS cstimatcd to bc 1 I3 
mg/d;ty (mean); 37 mg/drry (median); and 217 mgdny 
(95th pcrccntilc). using ttic BTM. 

Tli ih  study providch 3 rccvdwtion of' prcvious 
studies. Its 3dvant;lgcs arc that it combines data liom 2 
ztudics for childnm. one from Califbmia and one tmm 
M;L!S;LChu*tLL which incrwws the numkr of 
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Figure 5- I ,  S c h m r i c  of Dosc and Expasure: Rcspintory Route 

Source: US. EPA. 1992. 

Thc rcspmory Xystcm is cornpriwd ol' thrcc 
rcgiona: nawpharyngcal. tnchcohronchial. and 
pulmonay. 7'hc n;r.sophuyngcal rcginn extends from thc 
nocc tv thc I q n r  Thc rrschcobronchial rcgion form+, the 
conductin): airway bctwccn nnMcrphqna and slvcoli 
whcrc $;L\ exchangc O C C U ~ .  It conhist! of thc tnchca. 
hronchi. and hronchiolm, Thc pulmonary region\ conht\ 
of'thc acinus which is thc site whcrc w* c x c h m p  mc;um; 
it is cnmpriwd 01' rcspirutop hronchioic\. dvcnlar duct3 
and sllca, and alvcoli. A dcuilcd digwion of pulmonary 
anatomy and phy*ioloby can bc fwnd in: Bcnjnmin 
(19,YH) 2nd U.S. EPA (19H9 and 19%). 

Each rcgion in the rcspimtory sptcrn c3n he 
involved with rcmoving pollutant! from insptrcd air. The 
nxwpharyngcal rcyion lilicn out Iargc inhald panicle.\, 
modmtcs the rcrnpcnlurc, and incrc;l.sca thc humidity 01' 
the air. Thc w f x c  of thc tnchcnhrnnchial rcgion i\ 
covmcd with ciliatcrl muinus wcrcting cclh which form* 
a mucoctlinry clcalnror that mows pitniclct from d c q  
regions of thc lung ro chc on1 cavity whcrc t h e  may k 
swallowcd and thrn cxc~ctcd. Thc hranchiny pawn and 
physical dirncnsinns of the thcu:  airway\ dcrcrmine the 
pnttcrn of Jcpsition of sirhornc p;iiictcs and rrhsorprron 
of Fisc' hy !he r c y h t o r y  tract. Thcy dccrcax in 

diamctm L\ t h y  divids into a hifurwtcd bmching 
nctworkdtlutmgam by axial diffusion ofh%%alongtht 
ttrc;unlinc ofaiway+and radial dir'fusion ofgz-dueto 
an intra! in criiaa wcctianal arc3 ot' thc h n p .  The 
vclwity of thc aintrwm in this dccrcaing branching 
nctwork maim ;I turbulent force such that airhome 
panicles an bc deposited alongthc wllr ofthex a k ~ ~ p  
hy impnition, intcrccTtion. rdimcntation. or diffusion 
dcpcnding on thcir h m .  The pulmnap region contains 
macrophage which cngulf panicl- and pathogem that 
cntcrthi5 portion ol'thc lung. 

Sotwithswnding t h e s  removal mxhnimh b t h  
gacous and pmiculatc pllumh a n  dcpoit in variou\ 
region\ ot'ihc lung, Both thc phpiolop ofthc lung and 
thc chmistry of thc pollutant intlucncn whctc thc 
pollucrnt tends IO depsrt. 

G a m ~ s  p i l l u b n t b  arc evenly di\pcruc! in theair 
strcam. They comc into contact with a large pition of 
1hc lung. Gcnncmlly. thcir solubility and rcaczivity 
dctLminn whzrc t h q  d c p w t  in thc lung, Warn wluhlc 
and c h c m i d l y  rcxtivc tcnd (o Jq-at in t he  upper 
rnpintory tract. Lipid wtlublc or non-rcactivc @us 
usually arc not rcmavcd in the upper s h a p  and tcnd to 
dc-psir in  thc diztal pvtions of thc lung. Cir- can k 



5- E"ASA'TlON ROUTE 
7711s chaptw p m t s  dau and rccommcnduions 

for inkdidon mcs rh;l~ c;m be uwi 10 wcxs  exposure to 
can&rrar,ts in air. ?le: wdim diuussd in tbk cbptcr 
haw bccn clasiilicd as hey or relevant licy studh wc 

as chc basis Tor deriving rcuomrnctkiations and the 
rt1cv;mt s t u d i s  arc included to provide additional 
b3ckpund and ppccf ive.  The rccnmmcd& 
inhalation mt~1cs;lhr summd in Scxtion 5% and covcr 
adults, children, snd outdoor w o r k d ~ t h l c t ~ .  

Inclusion of this chaptcr in tbc Expsurc Factors 
Handbook docs not imply ht mcwors w~l l  always necd 
to scfcct and usc iahdation fa- when wdunring 
qmsum toair oonnmin3nt.i In fact, it is unncccsry to 
ulcufxc iah;l(cd dosc when usingdosc-rcsponsc facrors 
from Integrated Risk Infomution Systcrn (IRIS) (US. 
EP& 19%'). This is duc to the fact that IRIS 
m t h & o f o ~  accounw for inhalation IWCS in the 
dcvclopmcnr of "dose-mponscw &tionship Whcn 
u.ing lREs for inhalation risk ;Issasrncnt\ "dose- 
respond Elationship rcquirt only XI avcngc air 
concentration co evaluate b d t h  conccms: - For non-c;ucinogcns, I R ( s  uscslz b fuxncu  

Concentrations (IUC) which arc exprcsd in 
sanccntmtion units. H d  is cvduatcd by 
comparing rhrinspircd i r  ronccnmtion to thc 

, Rfc 

- For minobvns. IRIS u.w unit risk miurn 
which arc e ~ p ~ . w d  in invcrsc conccnmtion 
units Risk i?;*evcJutcd by multiplying die unit 
r isk by the i n u p i d  air mnccntntion. 

Denilcd descriptions o f  the IRIS methodology for 
derivation of inhilotion rcfcrcnw concentrations a n  bc 
found in WD methods m d s  produccd by thc AgcnLy 
(US. EPA 199: 1%). 

IRIS employs ;i drfauft inhafation mtc of' 20 
m'/day.  his isbmatcr d m  the mcommctxIatcd WJUC in 
this chapref. Whcn using IRIS, acljwtmcnt? of do* 
mpnmx relatiamhip uving inhalation mtcs o d w  than fhc 
dcbulr. 20 m'/day. arc not currcnrly cccomrncnJcd, 
T h a t  arc insm.zcc?i whcrc the inha1;ition rdtc dam 
pmcntcci in this c b p r  may bc uwd for cstimcrting 
a v e n b ~  daily doe, For cw;unplc. the inhdatino avcnge 
daily dmt isoften chnatc l i  in caws whmc 3 compativc 
pahhw3y analysis is hid or to dctnminc a ton1 dosc by 

5.1. ESlWS'JRE EQUATION FOR EHALVlTOS 
For thosc c;r.scs whcrc thc avcngc daily dosc 

(ADD) nccds IO bc cslimrcd. thc gcncrd cquation is: 
' 

Thu avcngc daily dosc is thc dow mtc avcngcd 
over a pathway-spcyific pcriod ofcxposurc: cxprcsjcd zi 
3 daily dosc on D pr-unit-body-wcight busis; Thc ADD, 
is usxi for cqmsurc IO chcrnicds wilh noncarcinogenic 
nonshronic cfTcct5. For compounds with minogcnic or 
chronic cffccts. the lir'ctimc svcmgc doily dosc (&ADD) 
is u.wd. nic LADD is thc do.= ntc avcrapd ovcr 3 

lifctinic. Thc contaminant concentration rcfcrs to thc 
conccnlnlion of thc contaminant in inhalcd air. Exposurc 
duration rcfcrs to thc total time an individual is cxposcd 
to an air pllumnt. 

sz xsnAu-noI\; FNE 
5.21. Uuckround 

Thc Agcncy dcfincs cxposurc as thc chemical 
conccntrhn at thc boundary o f  the body (US. EPA, 
1993, In rhc caw of inhalation. thc situation ib 

cornplicatcd by the fact bat oxypcn cxchangc with carbon 
dioxide akcs place in ihc distal portion of thc tung. Thc 
anatomy and phpiolohy of thc respintory sysicm 
diminisIi~s thc pollutant conccnmtion in inspired air 
(potsntid dow) such thiit thc mount ofa polluunt that 
acfually cnkrs thc body through the lung (intcrnd dosc) 
is IC%\ than that masurcd at Ihc boundary of thc body 
(Fibvm 5-1). Whcn constructing r isk wessrncnts that 
cunccm thc inhalation mu~c of cxposurc. om must be 
aware if any adjunmcnLs hwc k c n  crnploycd in thc 
estimation of the polluunt conccnm6on to account for 
this reduction in potcntiol JOSC. 
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enpgcd in outdoor activities and 3 range ofO5o IO I 10 
m@y of h o w  du\r during indoor activities. Thew 
cstimfcs w c  Jcrivcd fmrn ;Irumpdon.c about SOIV~USK 
fcvcls on hinds and mouthing behavior. no supporting 
mczwrtrncnt+ were made. Making funhcr ;Ls!umptions 
about fequencies of indoor 3nJ ourdoor activirrca. 
Hawlcy (19W derived an annual awcr.iyc of605 mgiday. 
Given the lack of supprtzng mc;l?iwcmcnt\. ihcsc 
htimtcsmust be considcrrd conjccrw.l. Iinblin 1989) 
used mnic levcls in unnc (nsW cornbincd with 
infomution on mouthing bchvior md activity patterns to 
suggest an cstjmaxc for adult wit ingcatian 01' 10 rngday. 
The study protocols are not wcll dmxibcd and has not 
b w n  foml ly  published. Finally. Calabrcs et 31. ( 1990) 
conduacd a rxcr m d y  on 6 adults and bwid a range of 
50 to 100 rng/dlry. T h i h  study is probably thc moic 
reliable of thc hcc. but still h3h rwo significant 
unccmintim: ( 1 ) 

rcprcwwtivcncss of the gcncnl population is unknown 
due to thc smdl study sixc (nr6); and (2) 
rcprc!,cntarivcncss of long-tcrm behavior is unknown 
since chc study w;1* conducted ovcr only 2 wecks. In the 
past. many €FA risk wcssmcnts havc assumcd an adult 
wil ingcition m c  of SO mdday for indu.utal scttinp and 
100 trI@d;ly rbr rcsidcnlial and ab!Culfurd .<cniUiOs. 
Thcsc vducs arc within thc ringc ofcstimatcs from Ihc 
studirx diszuwd abovo. Thu\, 50 mdday still rcprLwnts 
a rciwnablc ccnrnl cstimtc ofadulrsoil ingcstion and is 
[tic recommended voluc in this handbook. This 
wc~wnmcnlf;ltion is c k x l y  highly unccmin; howcvcr. and 
3s indicaccd in Tabtc K I .  is givcn a low conlidcncc 
nttinp. Conxidcrinp thc unccmintics in thc ccntral 
C S I I ~ I U .  I xcommcndacion for an uppcr prccntilc valuc 
would hc. inapproprirrtc. Tahlc A 3  summarim soil 
ingcstion rcconirncndations for adults. 



In conducting a risk asuxmcnt for TCDD, U.S. 
EPA (19Kji uscd S $day to rcprcwmt thc uiil inekc n t c  
for pica childrcn. Thc Ccntcm for D i e -  Control ICDCI 
dm invntiptcd thc potential fnr cxpwrr: to TCDD 
Ihrough thc wil i n p i a n  rtrutc. CDC uwd a v d u c  o f  10 
Nday to :cprcwnt thc m o u n t  of Mil that I child with 
d c l i h t c  soil ingetion hchmor might ingcbt 
(Kimbrough cc ai.. 1q8-31. Thcv v~IuL-. arc cunsi\;cnt 
with thou okrvcd by c;IIJhrc\c ct &I. I I991 L 

4.7. RECOMlrf~D,\nOSS 
Thc key \tudim d c w i k d  in thi, s c a i o n  WCTC uwd 

to rccommcnd v a l w  for wil intake m n p  chililrcn. The 
kg and rclcv~nr s t u d i ~ ~  wed diffmmt >ump J e i p  and 
study populations. Thew studih 3n- ~urnm;lti/cd i n  Tahlc 
j-20. For cumplc. some af thc btudicb considcrcd ftwxt 
and nonfood w w c o  of mcc clcrnenta while othm did 
not In othcr studin soil ingntion mtimtc.s wcrc 
adjusted to account for thu contribution of hirue to  

thib nt imtc.  Dc*pifc t h o c  diffctcncn, the muan and 
upper-pcrccnrilc mtimtcs rcponaci for thw * f u d i o  arc 
rclarivcly consistmt. The conkicncc rating fnr uiil intikc 
rtcommcnchtions ir prc*cntcd in Tlrhlc 4-2 1. 

I t  is imponant. howcvct. to undchtand thc various 
uncertaintics ~ ~ ~ i a ~ c d  with thcw vduc\. FIN. 
individuals wcrc not m d x d  for sufticirnt pcriirls or' timc 
to get a good cs:imtc of'the usus1 inukc. Thcrcforo. thc. 
valun prmntcd in chi% r ~ m n  m a y  not hc. rcprcwnwlibc 
of long tcm cxpcnurm. Sccond. thc cxperimsi~il m o r  in 

m-zsuring soil ingestion \+alun for inclividwl chi;drrn i s  

alao a sourcc of unccwinty. For cvimplc. mcomplctc 
wmplc collcctian of both inpur !i,c., fad and noni'ntd 
sourcm) and output (1.c.. urinc and icccI j  i*;r lirniwtion 
for w n c  of  thc rtocfics crinductcd. In additinn. an 
individual's Mil inghtion valuc may k a-hIici.illy high or 
low dcpcnding on thc cxtmr to whish 1 misnufsh ktwccn 
input and output occurs duc to individual vanmin in  the 
S;Lstrointcstinal transit time. Third, thc Jcgrcc lo which 
thc tmccr clcmcnr.; u*d in  rhcx studica arc athcrtkd in 
thc human hudy i h  uncertain. Accun~y of Ihc u?il 

ingestion cstimth dcpnds on how grwd this  assumption 
is. Fourth. thcrc is  unccmintv with rcprd  to thc 
homogencity of t o i l  sampln  and the accuracy o f  [rucnt's 
knowledge about thcir child's playing arcas, Filth. dl Ihc 
soil ingestion studies prcxntcd in this rcclion u i th  thc 
cxccption of Calahrew et 31. I I Y f i l ) )  wwc condustcd 
during Ihc surnrncr whcn mil confact is miire Iikcly. 

Although h e  rcccrmmcndationb prcsenicd hr.lcrw x c  
dcrivcd from htudin uhich wcrc m u d y  concluctccl in thc 



ingcstcd 10.15 gnms of ,soil jxr day ovcr rhc wcond 
weck ofa 2-wcck soil ingation study, Nso. rhc previous 
study utilized a Mil trxcr n W t h d O l O b ~  with eight 
different waccrs (AI, Ba. Mn. Si, Ti, V, Y,  a). Thc 
ndur is rcfcrnrd to Calabrcsc ct (11. (1989) for ;L dcuilcd 
description (md rcsult.. of Ihc soil inpcstion study. 
Cdabrcsc and Stanck (1992) diatinguishcri indoor dust 
from ourdoor ail in ingcstrr! soil b a d  on il mcthodoloby 
which compmd ditftrcntial clcmcnt rJtios. 

Table AS9 prcwks tr;lccr ntios oTsoil. dust. and 
re3idu;ll f~xd mplc'r in the soil pica child. C a l a b m  
and Slanck (1992) rcportcd thaL tk rc  was a maximum 
total of 3 pairs of traccf ntios biwd on cight tnccm. 
Howwcr. only 19 p i a  ofrrxcr mios wcrc avaihblc for 
qunriutivc cvalwtiun ;IS 3hown in Tablc t 19. 01 t h c x  
19 pairs, Y iical v x c r  ntios tiill within the b o u n h c s  for 
soil and dust (Table 4-19). For thcsc 9 (TJccr soils. an 
interpolation w a  pcrionncd to csumntc thc rclativc 
contribution of s;oii and dust 10 the m i d u l  feed m c r  
r h .  The other IO fcul tmccr ntios that fcll ouaidc [tic 
wit md dust boundaries we= cilncludcd 10 bc 100 
pcrccnt of the fccal tnrccr ratios from soil origin 
(Calabrmc and Sunck. 1992). Also. the 9 rcsidul fccal 
ssrnplcs within the boundsics rcvcalcd chat a high 
pcrccntagc (71-99 pcrccnr) of the rcsidunl fccnl traccm 
wcn: cstimntcd ID bc of soil origin. Thcrcforc, Calabrcsc 
and Sunck (1992) concluded chat the prcdominant 
pmportion of tho fcul W c h  was tiom outdoor mil and 
not from indoor du*t origin. 
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b Chapter 4 - Soil In,ye.uion and Picu 

and 3 ycan fsaycttit, 19Hti). Thu incidcncc ot'Jcl lhcm 
ingestion bchavior in  children has kcn shown to clitfcr for 
dit'fcrcnt whppulation3. Thc incidcncc r m  a p m  to 
he highcr for Mack children than for whitc childrcn. 
Approximittcly 30 pcrcrnt of hlach childrcn a g d  I IO h 
ycan arc :cp)rtcd to h a w  dcliherm i n p t i n n  khabior. 
comparcd with IO to 1% pcrccnt of w h i t  children in thc 
w apc goup rDanford. 19X2). Thcrc docs not appear 
ID bc any sccx dift'crcnccs in :hc inoidcncc nit!! Ihr mala 
or f c m l ~ +  (Qplan and S a d d i .  1 ~ 5 ) .  Louric CI al. 
( 1963) sutcs that thc incidcncc of' pica is higher arming 
children in t o w n  wiocconomic p ) u p s  (I.c.. 50 ti, ti0 
pxccnr) than in hiphcr incomc hrnilim ti.u,. ahlut 30 
prccno.  Dclikratc wil ingcsrinn hclwior appears to he 
mofc common in  rurrrl arcas (Vcrmccr and Fmc. 1 9 7 9 ~  
A highcr ratc o f  pica ha> alw hccn rcprncd iclr prcgnani 
womcn and individual* air11 poor nutritiowl 
(Danl'ord, 19H3. In  gcncr;ll. delihcr--tc inpcsritm hchvior 
ik  morc frcqucnt and morc uvcrc i n  mc*nt;rlly rctardec! 
childrcn than in childrcn in thc gLwr;iI  p)pul:ition 
(Bchmn and Vaughn 19H3, Danford 14x2. FoTlLr and 
Arncil IWJ, Illinponh 19tG. Sayctu I O X ~ J .  

I f  should k natud that thc p i u  sunsti- ntcd 
3 h v c  apply to thu incidcncc of gcncnl pica and ntrt 4 
pic& Informtion o n  thc incidcncc o f w l  p i u  i* limitcd. 
but i t  appcan that 4 1  pica i3 In\ common. A btuciy hy 
Vcrmccr and Fntc (1979) \howcit that thc ~wIdmcc ot' 
gcophnpa (Le., anh-ating, w ~ s  rthc>ut 16 pxccnt among 
childrcn lrom a runt h l x k  community in Miws\ippi, 
Hawcvcr. geophagia was dcwihcd as a culrunl pncricc 
among thc community survqcd and m y  not k 
rcprcwntativc of the grncr.1 population. Avcngc daily 
conhumption of a i l  was cstimtcd to hc 50 g/Ja>. Bruhn 
and Panshorn ( 1971 rcponcd thc incidcncc t r f  pica for 
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clraprer 3 - Soil In~esiion and Pica 

was miumed to occur 12daydycaf. Hawky (13HS) dso 
xisurncd tlwt soil comprises SO percent of houshoid dut .  
k w d  on t h ~ s  assumptions a b u t  soil intake and thc 
frrqwncy of idmr and outdoor activities HawIcy ( 1985) 
e?itim;rtcd thc annul avnagc soil inakc rxc for d u l b  to 
be 605 md&y Cable 5-16). 

of 500 mg of soil pcr day) during thc thrcc days. 
Duplimtc mcnl ~ p l c s  (Ibod a d  bcvcflgc) wcrc 
collcctcd from the six adult% Thc mmpk infludcd all 
food\ ingcstcd from brcaktht Monday. Ibhrough thc 
evening mcnl Wcdncday during each of' the 3 wccks. In 
addition. all mcdiultiona and vitamins ingcstcd by thc 

adults wcrc collcctcd. Total cxcrctory output wcrc 
collcctcd from Monday noon through Friday midnight 
over 3 conscrucivc wccks. Table &I7 providcs the mcan 
and medi;in valucs ot'soil ingcstion for cach clcmcnt by 
wcok. Dam obuincd tiom rlie first wcck, when cmpry 
gelatin opsulcs wcrc ingcstcd, may be uxd to Jcrivc an 
cstimatc of soil inukc by adults. The mcin intakc mtcs 
for thc cight mccfs m: AI. t IO rng Ba. -232 rng Mn. 
330 mg: Si. 30 mg Ti, 71 my: V. 1.288 mg: Y, 63 my, 
md Zr. 134 m F  

The dvantagc of this study is that it providcs 
quantitative cstimatcs of soil ingcstion for adults. Thc 
htudy also conrotcd for m e r  conunmtions in foods and 
mcdicincs. Mowcvcr. 3 himtion ofthis study is that a 
limited numbcr ot'>ubjcct\ werc studicd. In addition. thc 
hubjccts wrc onty studied for onc week before soil 
wpulcs werc ingcstcd. 

JS. PKEVALEWCE OF PICA 
Thc sicntiiic litcmturc dctinc pica as "thc r c p c ~ d  

eating of non-nuuitivc substances" (Fcldnm, I Y  86). For 
Ihc purposc3 of his handbook. pica is defined a an 
dclibcrdtcly high ingcstion ntc. Numcrous articles 
have k e n  publishcd chat rcpon on &he incidcncc of pica 
among vwious popubrions. Howcvcr, most of thcsc 
popcn d~wribc pica for subsmco othcr than soil 
including m d .  clay. pint. plaster. hair, string, cloth. 
gla\s. matchcs, paper. fkccs, and various othcr ilcms. 
Thcx papcrs indictrtc that thc pica accuts in 
;Ippro.crimccly hdf of all childrcn bctwccn the ages of 1 
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Possible sources of negative bias idcnuticd by Calabrw 
and Smck (199s) arc the following 

- Inbmtion ofnccn; in food. but the tmcen arc 
nor upturcd in chc fccd samplc cithcr duc to 
slow lag time or not having J few1 sample 
ivilablc on Ihc find study day, curd - s3mplc mcasurcrncnt errors which rcsult in 
dirninishcd Jelcction of I'ec;ll P J C ~ .  but not in 
soil rxcr  Icvcls. 

Thc authors devcloped an approach which atrcmptc'd to 
rcdr;cc thc magnitude af crror in thc individual WJCC 

clcmcnt ingmtion estimates. Rmulb: from P previous 
study conducted by filabrcsc ct al. (198Y) wen: u s d  to 
quantify these mors b m d  on Ihc following criteria: (1) 
a lag pCriod of 3 h o w  wxs assumed for thc prrssy\: of 
tract% ingmfed in fwd to the fcccs (this vduc w s  
npplicd to d1 subjcctday estimrcs): (2) daily soil 
inystion m e  w s  csim1cd for each w c r  for each 23-hr 
day P fecal flrnplc a s  obuhcd: (3) the median wxcr- 
baed soil inpsion mtc for a c h  subjcct-day was 
dctcnnincd. N.w. upper mJ lower bound csurnms wcrc 
d c m i n c d  b d  on critcrin formed using ;UI assumption 
of drc magnitude o f  the rchtivc sl;mdxd dcviation (RSD) 
ptEicnrcd in mothcr study conducted by Slanek and 
C;llabrcsc (19953). Daily wil ingestion mtcs for t n ~ c h  
&.at fcll bcyond the uppcf luKi lowcr m g -  wx cxcluLlccl 
from subwquenr dculauona and the median soil 
ingestion ntes oPthc remaining i r x c r  rlcrnm.. wcrt 

considcrcd thc bcst cs:irnatc for that particular day. Thc 
magnitude of positivc or ncgarivc cmt for il spccific 
n c c r  pcr day was dcrivcd by dctcrmining thc diffcrcncc 
bctwccn rhc vduc for thc mccr and thc mcdian valuc; (4) 
ncgtivc crrors duc to missing fccd samples at thc cnd of 
thc srudy period wcre also dctcnnincd (Olnbresc and 
Smck 1995). 

Table 3-14 prcscnts thc cstimatcd mngnirudc of 
positivc and nqativc m o r  for six miccr ctcmcnb in thc 
childrcn's study ( i t . .  conducted by Cahbrew ct at.. 1989). 
The originid m m  soil ingcstion mtcs mgcd from a low 
of 21 mglday bad on zirconium 10 P high of 459 rnglday 
bascd on tiunium (Table 4-14). Thc adjustcd mcan roil 
ingestion m[c dtcr comt ing  for ntgptivc and positive 
C K O ~ S  nngcd from 97 mg/day baed on yttrium lo 208 
mg/day baed on tionium flablc 4-14), Glabrcsc and 
Smck (1995) coniludcd that comcting forcrrors at thc 
individual Icvcl for cach mccr clcmcnt providcs morc 
rdiablc csurnatcs of soil ingestion. 

This rcpon is vduablc in providing additional 
undcnmnding of rhc naturc of potcntinl C R O ~ S  in tracc 
clcmonr specific cstirnatcs of .soil ingcdon. Howcvcr, thc 
operational dcfinition uscd for estimating rhc crror in P 

tncu clcmcnt cstimntc WL\ thc oblrcwcd diffcmncc ofthnt 
mccr froin a Indian w c r  vduc. Spccific idcntiticition 
of WUTCCS of mor. or direct cvidcncc that individual 
tmccn wcrc indccd in c m r  was not dcvrlovd. 
Corrcctionr, io individual m c c r  mans  wcrc then m d c  
according fo how diffcrcnt vducs for that vnccr wcrc 
from thc mcdian vnlucs. This approach is bawd on thc 
hyporhcsis (ha2 the mcdian triiccr valuc is thc most 
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mdicinc a d  the mults may not bc rrprcwntatiwc of I 1 
long-:.tmn incllic ma hwt&rhc data wk dcrivcd from 
3 Shorr-tcrm study.  

&&nun und ,tluhJ?ld (I99-J) - &d ffl,l$UilJtt by 
Children und Adulrs Reconsidered Using the Rc.wlts of 
Reccnr Trucrr Snrdics - W m a n  and ,Cfahmood ( 1994) 
u d  the rcsdts of two rccc.ntchilkn's (Calabrcsc ct al. 
1989: Davh ct J. 1990) mccr htudics to drtcrminc 
cstimrcs of avcr~gc daily Mil i n p t i o n  in young children 
and forovcra li!kcimc. In thc two w~dics, the intalc and 
cxcrction a i  a variety of wxcrs werc monitored. and 
conccnadons of vxm in soil adjacent to the children's 
Jucllinp wcw dctcrmined (Scdmm and Mahrnotd, 
19%). From ;L m ; ~ s s  balance approach. cstimatcs al'soil 
ingcxtion in thc?ic. chi:drcn wcn. dctcrminsd by dividing 
the c f c m  m e r  intake ( t . ~  quantity of tracer rccovcrcd 
in the I;scs in CXCCM of thc meawed intakc) by thc 
awmgc concwhuon ofmccr in soil samplcs from cach 
child'sdwlling Scdrrmn and M;lhmooc! (19%) adju.;rcJ 
thc m a n  estimate?; ofwif ingestion in childrcn for c x h  
mccr 0 from h~i' studies to rctlcct that ufa 2-ycar old 
child using thc following cqution: 

I (Eqn. 4-31 

whrrc: 
Y, - adjustd mean soi1 ingestion (rngkhy) 
x - 3CON1;Ult 
yr - tvenge age (2 ycm) 

In addition to I ~ L .  study in young children, J study 
(Calabrcw ct al.. 15")  in adults was conductcd to 
cvaluaic thc mccr mthodolo~y. In the adult studies. 
pcn'cni rccov~.rics of'mccrs WCR dctcrmincd in six adults 
who ingcsicd known quantities of C ~ C C T S  in I .S or 0.3 
p m s  of wit. The distribution of irxcr rccovcrics from 
~dul t s  was cvduatcd using daw analysis tcchniqucs 
involving visualirAtion and cxplonrory dam analysis 
(Scdmm and Mahmood. 1994). From thc results ob tnrd  
in thcx studies, the distribution of tracer rccovcrics from 
adulLb wcrc dctcrmincd. In nddirion. an analysis of 
variance ( M O V R )  and Tukcy's multiplc cornpx"I 
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(1975) cstimrtcd that inmkc of wit amongchildrcn could 
range from IO to lo00 mglday. 

Diiggm and Williun# (1977) - Led irr Orst in Cip 
Sfrccn - Il)ugpn and Willi::ms ( 1977) ariscsscd thc risks 
a.zwiaccd with lead in sm~t dusr by analyzing strcct dusl 
from areas in and around tondon for lead. and asrimsting 
fhhc mount of hand dirt that 3 child might i n p x  Duggm 
and Williams (1977) catimaccd thc mount of dust that 
would bc rctlrinnl on thc torc!ingcr and thumb by 
h.moving a smA1 amount of dust from a urcighcd mount, 
rubbing thc forrfingcr and thumb rogcthcr. and 
wcighinl; 10 dctcnninc t k  mount rctaincd on thc linger 
and thumb. Thc rcsults of "a numbctof tcsh with scvcnl 
difCcrcnc pcoplc" indicated that thc mclrn amount of dust 
rcuincd on fhe h p r a n d  thumb WJS appmximtcly 4 mg 
wirh o rmgc of 2 to 7 mg (Duggan and Williams, 1977). 
&!uming that a child would suck hislhcr h p r  or thumb 
IO t ima3 day and that a11 ofthedirt is rcmovcd cach time 
and rcplaccd w i h  new dirt prior to subsequent mouthing 
behavior, Duggan and Williams (J977) cstimarcd (hat 20 
mg ofdmt would bc ingcstcd pcr day. 

Nuwit>* er ul. (198s) - Assessment of Hertltlt Risk 
from &posicrc rr ,  Conruminuted S d  - Using cxibting 
litcnturc. Hawk? (1w5) developed scnarios for 
etimxing cxxpxum of young childnm, oldcr children, and 
adule to conaminatcd soil. Annual soil ingchon RIGS 
wzrr cstimatcrl baed on wsumcd intake ram ot'soil and 
houscdust tor indoor and outdoor ictivitics and 
wurnptions ahvut the dunlion and frequency 01' thc 
xxivifics Thew soil inkvsrion rates wcrc based on fhc 
assumption that thc conarnintrtcd m a  is in a region 
having a winter a s o n .  Houwdust was asumcd 10 bc 
c a m p r i d  of HO pcrccnt Moil. 

Outdoor cxposurc to conuminatcd soil among 
youngch i lh  (Le.., 2.5 !can old) was assumed to occur 
5 days per wcck during only 6 months of the ycrrr (i.c.. 
midApril though rnid9clobcr). Chitdm wcrc usumcd 
to i n p s  30 mg wiU&y while playing outdoors b d  on 
data pmnlcd  in k p o w  ct al. ( 1974: 1Y75) and Roclscct 
a t  (IYXO). !ndoorexposurcs mung  this ppula~tion were 
bawd on h c  wumption that young childrcn ingcst 100 
mg oPIiousedust pcr day while spnding d1 of their time 
indoors &iring tlic winter rnontha, a d  50 mg of h o u d u t  
pr b y  during Ihc wmcr months when only ;1 ponion of 
rhcir time 1s spent indoors. Bascd on thcsc x+sumptionr. 
HiwIcy (1995) cdtimlrtcd that thc annual avcngc soil 
innk m c  Totyoungchildrcn is 150 m g d q  (Table 3-1 1). 
Oldcrchildrcn kc.. 6 ycar olcis) wcrc assumed to ingest 
50 mg ol'soil p7day h m  m m c q d  to Ihc a m  of tlic 
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wurccot*un~xs~Inty in the inhalation mtcs cstirnatcd. An 
dvmmgc is h a t  this study providcscmprrid data uscful 
in crp0si.m wcwrncnts for 3 subpopulation thought to bc 
the most highly apscd common occupationat bWUp 
(outdoor workers). 

Lay:an (I993j - Mcrubolicdf~ Consisreti: 
Brearhing Raresfor C'rc in Dose ctrscxrmena - ky ton  
(1993) prcscntcd 3 ncw method for cstimxing 
mcobolicAly consisrcnt inhalation r.tc?c for wc in 
qmtilatiwc dose &w%ncna of airbomc ndionuclidcs. 
Gcnetdly. the approach forcstirnrrtjng Ihc breathing mrc 
for J spcciticd time frmx was IO ulsulatc I time- 
wcighwd-avcragc of vcntihtion rites asswiatcd with 
physical activities of varying duntiom (Layton. 1993). 
However. in this study. breathing mtcs wcrc ~;11cuIated 
b 3 . d  on oqgcn cmsumprion ;rswci;ltcci with cncrgy 
a p c n d i t m  for short (hours! ani! long (wcch and 
months) phiods of time. wing thc following ycncrd 
q d o n  to calcula~cncrb3r-dcpcnJcnt inhalation rdtcs: 

I V, - Ex K VQ cmn. 5-3) I 

L 
lluw dtrrrwtiw~ approxhei wtrc u d  to c.itim!c 

b i t y  chronic (long tcrm) inhalation rata tor diltcrcnt 
abdgmdcr cohorts of thc pf.L popdation using this 
methodology. 

I .  Firsir A~rrro,r& 
Inhalation r.w wrc &rm:sd by mulriplying 

zvcngc daily f d  cncrgy intakes fordifhmnt agdgcndcr 
cohom, volume o t ' o p p  (HI, and vcntilatory cquivdrnt 
cVQ. shown in thc cqution abavc. The w m p c  lbo3 
c n c w  intJkc dam (Table 5-10) arc bawd on 
3ppmldmtcly 30.000 i n d i v i d d  md wcrc obtained tiom 
the USDA 197-78 Xationwidt Food Consumptior: 
S w c y  (USDA-SCS). The f d  encrgy i n k s  were 
djusm! upwards by a conmnt factor of 1.2 for all 
individds 9 y c m  ;urd older (Lyton. 1993). This factor 
cornpcnvted for a consiucnt bias in USDA-FKS 
;ImibutcC to undctqwnng of chc f d s  consumed or thc 

mcthods uscd to ;LK'crtain dietary inwkcs. Layton (1993) 
uwd a wcighrcd awcnge oxygcn uplakc of0.05 LO_JKJ 
which was dcwmincd from data rcponcd in thc 1977-78 
USDA-XFCS and thr sccond National Hcdlh and 
Suuition b i n a t i o n  Survey (NIWMS II). Thc survcy 
wrnplc for K&LYES I1 was approximately 20,OOO 
pmicipsnls. The vcntilatory equivnlcnt (VQ) of 27 uwd 
wm calcuhtcd as rhc bromctric mean of VQ data that 
wcrc obtained from scvcral scudics by Layton (1993). 

The inhalation rntc estimation tcchniqucs 311: 
shown in fbotnorc (a) ofTablc 5-1 I ,  Tablc 5-1 1 p m n b  
he daily inhal;ition mc for cach agdgcndcr cohort, The 
highest daily inhalation mtcs wcrc xportcd for children 
bctwccn thc egcs ot' 6-8 v c m  (10 m'/day), for malcs 
k t w a n  15-18 ycm (17 mhay). and fcmslcs bctwccn P 
J I ycars (13 m'/&y). btimitcd ivcngc lifctimc 
inhalation n tcs  for malcs and fcmdcs arc IS m3/day and 
IO m'/day. rcspcctivcly (Tablc 5-1 I). Inhduian ntcs 
w r c  dw calculatcd for nctiw and inectivc pcriods for h c  
various apdgcndcr cohons 

Thc inhalation mtc- for inactivc pcriods wu 
cstimtcd by multiplying h c  basal metabolic mtc (BMR) 
times the oxygcn upt~kc (H) timcs the VQ. BMR was 
dct ind w "rhc minimum amount ofcncrgy requircd 10 
support bAsic ccllulw rcspimtion while at rcst and not 
activcly digcsting fooJ"(Lyron, 1993). Thc inhalation 
n t c  for activc pcriods was calculotcd by multiplying rhc 
inactivc inhalation mtc by rhc ntio o f  [hc rntc ofcncrgy 
cxpcnditurc during activc hours to thc cstimatcd B M R  
This nlio is prcwntcd xs F in Table 5-1 1. Thcsc dnta for 
activc and inactivc inhalation rates arc dso prcwntcd in 
Tablc 5-1 1. For children. inactivc and xtivc inhalation 
r3tcs nngcd ktwccn Z35 and 5.95 m'lday and 6.35 to 
13.09 rn'/dsy. h'spcctively. f i r  adult mdcs (19-6; y c m  
old). t!!c avcngc inactivc and acttvc inhahlion mtcs wcrc 
appmximtcly IO and 19 m%ay. rcspectivcly. AIW. h c  
svcrapc inactivc and acttvc inhalation mtcs for adult 
fcmafcs (19- ycnrs old) wwc approximntcly 8 and 12 
m?/day. rcspcctivcty. 

krrnnJ ,Apo mnch 
Inhalacion rJtcs WEE alculatcd by multiplying thc 

BMR of the population cahons times; A (ntio of tola1 
daily cncrgy cxpcnditurr 13 daily BMR) timcs H umcs 
VQ. Thc BMR data obtnincd from litcr~turc were 
statibtiwlly mdyzcd and mpssion equations wrc 
dcvdopcd to prcdict BMR from body wcighrs.ofvarious 
agdgcndcr cohom (Layton, 1993). The sutistical dam 
u d  to Ccvctop the rcbmssion cqutions 3n: prescnud in 
Appcndix Tablc S A 4  Thc dam obdncd from Ihc sccond 
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Job A c n v i ~  Gttlpry tm’lhri 

1.14 1.44 1 . c  1.14 1 .M 1.w 1.44 

Thcrcforc. i t  w&\ ncccmry to prcdic: IR values that wcrc unknown mount of’ unc-inty to thc. Jsu et. 
outside thc calibration nngc, 17th may introduce an Subjcctivc x l : i ~ t i m t c J  brcathrng n m m a y  k mother 
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and EiR were mea*urcd simulancously during thc (est. 
The data w m  ;unly-cd using last sqrr;uss rrbmssion to 
dcrivc an quation for predicting VR at 3 given HR. 
Following the calibration tcsri,cach subject rccodcd thc 
rypc ofacuviucs M be pcribrmcd dun'ng their work shift 
(Le" si~ngfstmding* waking. tiftingkurying and 
"working 3t mdc" - dcfincd as fasb specific to bhc 
individual's job c l k d i d o n ) ,  Lamtion. and self- 
cstimatcd hathing mfcs (?itow* s i m h  to afow wdktng. 
'medium* similar to fast walking- md "fast" similar to 
tunning) were aJ.w rccordcd in thc diary. During work, an 
invesdptor mardcd the diary i n f o d o n  dicutcd by thc 
subjects. WR w s  rccordcd minute by minute tbr each 
subjccr bcfort work and during fhc cntirc work shili 
Thus. VR. rmsm for each breathing nte  and activity 
atcpxy were cstimatcd from thc HR rccordinp by 
cmp1oyingt.k wlationship bctwccn VR and HR obmnd 
From thc cllibntion test%. 

A IOUI of I82 hours of HR recording wcrc 
obaincd Curing rhc survcy from the 19 voluntcers: GI 
hours rctlcctd actual working time according Lo the diary 
records. The lowcsr srtual working hours rccordcd was 
6.6 hwrs and the highcsr wordcd foro cornplctc work 
shift ws 11.6 hours (Linn et d.. 1993). Summiq  

and Tot job or si& dcfincd subgroups. arc prcscntcd in 
Tablc 5-8. Thc data rcflcct all rccordinp bcforc and 
during work, and at brcak times. For all subjccls. ths 
mcm IR was 1.68 m'hr wilh a smdard deviation 01. 

931h prcentilcs of HR wcrc outside of t k  calibration 
mp (calibration nngcs arc pxscnlcd in Appcndix Tablc 
SA-3). Thcrcfbrc. corrcspanding IR pcrccntilcs wcrc 
extrqwl;ltcJ using thc wlibrdrion &fa (Linn ct d., 1993). 

The dam pnxnicd in Tablc 5-9 rcprcscnt 
distribution pncums of IR tbrach subjcct. local subjccls. 
and job or shc dcfincd S U ~ ~ O U ~ S  by df-cstimtcd 
breathing ~ I C S  (slow, mcdium, fast) or by type ol'job 
activity. Nl data include working and non-working hours, 
Thc mean inhdarion ntcs for most individuds showcd 
su t ika t ly  significant incrcxes with highcr xlf- 
cstimatcd breathing mtcs or with incrckngly stfcnuous 
job activity. &inn ct nl.. 1993). Inhalation mtes wert 
highcr in hospid sik workcrs whcn comparcd with oflifc 
site workcrs (Tablc 5-91, In spitc of thcir highcr prcdictcd 
VR workers: at rhc hospital sitc rcportcd o higher 
pcrccmgc of slow brcabhing time (31 pcrccnt) than 
workcrs at the otlicc sitc (20, pcrccnt). and a Iowcr 
pcrccntap of f&!t bmtbinp time. 3 prccnt and 5 pcrccnt. 
rcspctivcly (Linn ct at.. 1993)- Thcrcforc. individuals 
whosc work \sa objcctivcly hcavicr than ovcngc (torn 
VR predictions) tcndcd to dcscribc thcir work as Jkhtcr 
than avcngc (Linn et 31.. 1993). Linn ct J .  (1993) also 
concludcd that during an OJ pollution cpisodc. 
construction workcrs should cxpcricncc similar 
microcnvimnmcntal OJ cxposurc conccntmiions w othcr 
hcnllhy outdoor workcrs. but with approxirnatcly twicc 
high 3 VR Thcrcforc. thc inhalad dosc of OJ should bc. 
o l m s r  cwo timcs higher Tor lypicd hcavy-consrrction 
workcrs than for lypical hcalLliy adults performing less 
strenuous ourdoorjobs. 

A limitation wiocialcd with. this study is thc.srnal1 
wmplc sizc. Anothcr limiution 01' (his study is that 
wlibntion data wcrc nor obmind at cxtrcmc conditions. 

statistics for prcdictcd, VR distributions for dI subjcct.. I 

I 

I 
I 

d.72 (Table 5 8 ) .  Also, for most subjccb, the 1st and . I  
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f i m  3 to 5 ycm old wch: idcn;ificd ;1\ aubjcas for pilot 
wsting purpom in this agc g-oup (Adam$, lW3). 

Rc4ny protocols conductcd in the tabontory for 
dl agc p u p  consialcd of three phase, (25 minutcs each) 
ot'lyinp. sitting. and htanding. Thcy WCIZ citcgorizcd ;L! 
rcsting md 4rnt;uy dvitics. Two activc protocols. 
mdcntc (walking) and hc;ivy (jogging/ running) phiws, 
wcrc p~.donnt!d on 3 twadmill over a progrcssivc 
continuum ot'intcnsitirs d e  up of 6 rninutc inrcrvals. ;LL 
3 qmx!a. ranging from slow to morlur~tcly t'a..t. All 
protocols involvcd mcaauring VR, HR fl, (brcathing 
frcqucncy). and Vo: (oxygcn conaumption). 
Mcwmmcnts w e e  ukcn in the lrrsr 5 minutes of cxh  
 phi^ 0 t h  resting protocol. and Ihc lut  3 minutes of the 
b minute intervals at tach spccd dcsignatcd in thc accdvc 

In rhc firld. dl childrcn complctcd sponmncous 
play protwols. while h c  oldcr Lufolcsccnt population ( Ib- 
IS years) cornplctcd car driving and riding. car 
mintcmncc (mah).  and hou,rcwork (fcmlcs) prorocols. 
All adult I'cmlca (19.60 ycan) and most of the scnior 
(60-77 _~cm) thulcs cornplctcd houscwork, yardwork. 
and cw driving and riding protocols. Adult and senior 
males complctcd c;v driving and riding. yardwork. and 

FNtWOlS. 
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rates wcrc rccordcd as slow (slow walking), mcdium 
( d k i n g  faster : h n  n o d ) .  and fitst (running). I-iR was 
rcconlcd duringthc 3 days oncc per minute by wcaringa 
H a t  Watch. VR valucs for a h  sclf-csumtcd brahing 
rate and activity typc wcrc cstimetcd from the NR 
recordings by employing Ihc VR and HR equation 
obtained from thcalibntion tcso. 

Thc dam prcscntcd in Table 5-3 rcprcscnt HR 
distribution pantrcrns and comspondingprcdictcd VR for 
each aye p u p  during hours spent awakc. At thc same 
.sclf-rcponcd activity lcvcls for both agc p u p s ,  
inhatation cam wcrc highcr for ouldoor xlivitics than for 
indoor activities The total hours spent indoors by high 
school studcnts (21.2 hours) wcre highcr than for 
clcmcncary school students (19.6 how), The converse 
va5: m e  for outdoor activities: 27 hours for high school 
srudmtu. md 3.5 hours for clcmcntcuy school students 
(Table: 5-9. 83x6 on thc dm prcwntcd in Tabfcs 5-3 
and S a .  thc nvcragc activity-specific inhalation mtcs for 
clcmcntq (10-12 y e w )  and high school (13-17 years) 
studcnrs wcrc calcuhrcd in Table 5-5. For clcmcnwy 
schoot sndcntx the a v m p  daily inhalation ntcs (b3s;cd 
on indoor and ourdoor locations) afc 15.8 m%y for 
light activities, 4.62 m'/&y far modeme xtivitics. and 
098 m3&y for h c q  activities. For high school studcnts 
rhc d i l y  intiahtion mcs for lighr modcntc. and heavy 
activities arc estrmjrcd m k 16.4 m3hy.  3. I m3/d3y, and 
054m3J&y. mpcctively (Tables-5). 
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of contra\ting 0, air quality (10 milch. 14 fcrnalcs. qm 
1 9 4 1  ycm);  Punclr5: 13 young asthmatics (7  m n l n ,  6 
fcrnolcs, ages 1 1-1 6 ycm); Panel 7: construction worken 

Initially, s wlihnrion I f i t  was conducted. I'olltwcd 
by 3 mining msion. Finally. a ficld s~udy W;LI cmductcd 
which involvcd huhjtcLh' collecting thcir own hc;m rate 
and diary data, During thc calibration tcsts, VR and H R  
wcrc mcxwrcd sirnultnncnusly PI cach cscrciw Icvcl. 
From thc wlihration data an cqutian wa\ devclopcd 
using lincx rcBcwion an;dyhis IO predict VR from 
mc;lsurcd HR (Linn et al.. 1993. 

In thc fkld study. cach wbjcct (cxccpt conatrucrion 
wotkcn) rccordcd in diarics: thcir daily acli\*itifi, changc 
in locations (indoon, outdoon, or in :I vchiclc). *If- 
cstimatcd breathing rate\ during cach activityilwriun, 
and time s p t  at rmh 3ctivipAoation. I4u;ilthy suhjcch 
rccordcd rhcir HR oncc cvcry 60 second\, Asthmatic 
vuhjecth rccordcd thcir diat'y information once cvcry hour 
using a Hem Watch. Construction workun dictatcd thcir 
diary information to a technician accomp;mying them on 
thc job. Suhicctivc hrcathing r a w  wcrc dctincd a\ d n w  
(walking at thcir norm31 pacc); medium ( h t c r  than 
normal walking); and list (running or sirntliirly sircnu(tuh 

(7 mlcs, ages 26-34 yem). 
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absorbed into the blood s t r u m  or rcac't with lung tissue. 
CLWS can bc removed from the lung by tcrrction with 
tissue* or by cxpintion. The amount of g i s  rctaincd in 
the lung or other parts of thc body is mainly due to their 
solubilip in blood. 

Chcrmafty. p m c h  mquitc hcrrtogenou~ "lip 
mgc from aqueous soluble pmklcs to d i d  inalublc 
p;lrticl~?* Their sire, chemical composition. and thc 
physical forces of breathing dictate whcrc they tend to 
d w i t  in thc lung. l s g c  panicla tho* with a diamctcr 
ofbRJtcr than 0.5 microrncrcn (urn). not tiltcrud OUL in 
the nasopharynx. tend to deposit in hc  upper rrspinrory 
a;l~'t a[ airway brmching poino duc ro impaction. The 
momentum of thrw pmiclc.. in thc air !,trcam is such that 
they tend to collide with the ainray will a[ brmching 
poinh in thc tracheobronchial rcgion ofthe lung. Tho- 
p s t k l m  nor removcd fmm the aintrcam hy imp:u:rion 
will l ikly be dcpositcd in small bronchi anJ bronchiulcs 
by scdirnenwtion. a ~ W C S ~  whcx by pmiclch ~ t t l c  out 
ofthc airsmam Juc to thc Jccrcaw in aintrsam vclocity 
an3 Ihc ~mviht ional  f i ~ c  on the particles. Small 
p;uticlc?i, IC%\ than 0.2 urn. acquire P random murion due 
to barnbardmcnt by air mokculca This movcmcnt can 
w w  panicla to bc dcpositud on the wall of' an 3if way 
throughout the lunp. 

A qxxid ca. .  sxisb for i ikh  Fikn can Jcpusir 
dong the wall o f m  airway by a process known M 

intcrcqtion. This occurs when a likr rtukcs conuct with 
an iinv;ly wall. Ths IikrtihooJ ol'intcrccp[ion i n c r c ~ w  
as airway diminish in diamctcr. Fibcr shape intlucncch 
drpmition tw. Long. thin, stnight libcrs [end to Jcposit 
in Ihc dccp rugion ofthc lung compan.3 to thick or curved 
tikls. 

?hc health rtxk awxiitcd with human cxfosurc IO 
airborne toxics is A function of concentration of air 
pollut;mt~ chcmical specie. duraion of csposun.. and 
inhalation rate. Thc dosc dclivcrcd to t;lrgyt orpns 
(including the lunp) , h c  biologically cffcctivc do*. is 
dqxmdcnt on thc potenoil Jose, the applied dow and thc 
internal d o e  (Figurc 5-1) A Jctailcd discussion of this 
concept a n  be bund in Guidelines: for Exposure 
Aw!+smcnt (US. EPA 1992). 

The cstimation of qpficd d o e  tar ;L given air 
poll~tzlnt is depcnricnt on inhalation rate. commonly 
dmcribed as vcntilatiun m t t  (VR) or brcxhing mte. VR 
is uudly measured a! minute volumu. the volurnc in l i t e n  
of i r  ahalcd pcr minurc(V,i. VE is the product of the 
number of r rspinfov qclcs in a minulc and the volume 

of air rcspircd Juring cach rcspiratory cyclc, thc tidal 
volume( Vr). 

When intcrcstcd in calcuhting intcma1 dosc. 
;~*sc-swrs must consider thc a1vcoI;v vcnrilation ntc. This 
is the amounL of air available for cschangc with aivcoli 
per unit nmc. It is cquivalcnt lo thc ridal volumc( VT) 
minus thc anatomic JcaJ spacc of thc l u n p  (thc spucc 
concrining air that docs not cimc inio contact with thc 
alwcoli). Alvcofar vsntilation is appmxiinatuiy 70 pcrccnt 
of total vcndlhn:  ti3;rl volume is approxirnarcly 500 
millil iwn (ml) and the lunount of anatomic dead spacc in 
the lune is  ipproximaUly I50 ml. approximittcly 30% of 
thc amount of' air inhaled (Mvlcntcl and Arndur. 1986). 

Brcnlhing m c b  arc affcctcd by numerous individual 
chamctcrirrtcs, including age, pmdcr, weight. hcalth 
stitus. and Icvcls of activity (running. walking. jogging. 
ctc.). VRI arc cithcr mcasun'd dircctly using a spirumctcr 
and 3 sollcctiirn system or indifcctly from hcin KIIC (HR) 
mc'asurcmcnts. In many of the studies dcscribud in thc 
following sextion\, HR mcisurcmcnh ah' u~ulrlly 
corrclatcd with VR in simple and rnultiplc rcgrcsbion 
analysis. 

The available studies on inhalation ratch arc 
surnmrimi in the fillbwing .uvricm.s. Inhiditlion mfub 
reported for adults and cliildrcn (including inf;ml!) 
prrforming various activitich and outdoor workers/ 
athlctca Thc activity lcvclx have bccn clrtcgoriicd ;LS 

resting. qdcnwry. light, modcmrc. and hcavy. In most 
srudicm t l a  s~iiiplc population kcpt diorics to rccorcl their 
physical activities, IoWiUns, and trrcathinp rms. 
Vcntilation mtcs wcrc cithcr rncawrcd, wlfkstimrricd or 
predicted irom cquations dcrivcd u i n g  VR-HR 
cdibrd[ion relationships. 

5.fZ Key Inhalation Ratc Studiw 
&>in er 01. I/Y!L?) - Docurrmr~triori 0)' Activie 

Puncnts in "High-Risk" Cmrrps Exposed t o  0:otir itr tlic 
Los A n ~ d c s  Arcu - Linn et 111. ( 1Y92) conducicd 3 study 
that estimated thc inh:ilation rates for "high-risk" 
subpopulation goups cxpoxd to oxonc (0,) in thrir daily 
activitics in the Los Anplcr ma.  The popularion 
wvcycd consiarcd of wvcn subjcc; panels: Partd 1: 20 
hcilthy outdoor workcn ( I5 rndcs, 5 fcml~?r. ages 19-50 
ycm):  P m a l 2 :  I? healthy clcmcntq school sludcnn (5 
males. It fcm;rlcs, ages 10.12 yew): Parit/ 3: 19 healthy 
high school studcnts (7 males, 12 fcmdcs. a p s  13-17 
y c m ) ;  Punel J: 49 athmatic ndulh (clinically mild. 
modcntc. and hcvcrc. 15 males. 3J fcinalcx agcs I H-50 
ym): Putref 5 24 xdhmatic ariulh from 2 ncighhorhoods 
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thcir own vcntila(ion lcvcl during the IA\I 37 wcond\ ot' 
cach rc.gmcnt and VR wii\ mcwmd during the liixt 
rninutc of each egrncnt. Immediate fccdhack W;LI given 
to thc zuhjcct'\ c.;timatc; nnd thc third and t i iunh st;ign 
involvcd 2 outdoor xlbsions ol' 3 hiiurr ciich. E x h  hour 
comprixcd IS rninutcb each of rest, slow walking. jogging, 
and fnht walking. Thc \uhjccts c\timatcd thcir ONTI 

vcntilntion lcvcl at the rniddlc of' cnch wgrncnt. Thc 
subjcct'h cstimatc wa\ vcnlicd hy a rc\piromcicr which 
rncasurcd V R  in thc rniddlc of each IS-rninutc x t iv i ty .  
$0 I'ccdhnck was given i t )  the W~JIXI. Thr ovcrall 
pcrccni corrcci a r c  ahbinell for all vcnti1;tticw level* 
W;LI 6X pcrccnt (Shiirntr, CI al.. 1W2i. Thcrct'orc, Sharnw 
ct al. IIW2) coniludcd that [hi\ training proliw'cil was 
cffcctivc in  training suh.iccls trt  cnrrccily c\tirnalc thcir 
rninutc vcntilatinn Icvcls. 

For t h i h  h;indhcmk. inhiilation r;itm ucrc anslyfed 
from the raw 6;ila provided hy Shamcx) CI at. IIW2). 
Tnblc $2 I prcwnh thc rnc:in inhalation r;w\ nhtainrd 
from this ;inaly\i\ at four uonrilalion level\ in two 
microcnvirrinmcnr\ (i.c.. indoors and ou[dtwr\j for dl 
suhjccts. Ttic mcnn inhaiiition rates for  a11 whjcct\ wcrc 
0.93, l.92,.1.01. -Wl m ' h r  l i r  luw. mcdiurn. hc;ivy, and 
vcry hcnvy itctivitiw rcqwctivcly. 

~ I 

The population urnplc \ire u e d  i n  lh ic dudy wa\ 
small rrnd was not x k c t c d  t o  rcprcxlnt thc pcncral G.S. 
popu1;rtion. Thc training approach employ!  may not  k 
cost cffcctivc bccaua 11 wa\ I n h c r  intcnwc; thcrcfurc, 
h i s  approach my not hc vinblc in ficld htudics c~pecially 
for ficld *tudic\ within larpc wnplc WL~.  
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n c  o v d l  mean prcctictcd VR WL. O , J ~  m3hr for sleep; 
0.71 m ’ h  for slow activity: 0.8.: m3/hr for mcdium 
3ctivity; and 263 m h r  for fast activity. 

The mcm predicted VR ms.3 standard dcviation, and 
thc pcrccnugc of timc spent in a h  combination of VR 
activity typc (csscntid and nonascntid). md l w u o n  
(indoor and outdoor) am pmentcd in Table 5-20. 
~~~d llctivitics include incomc-rc!atcd work 
household chum,  child ~ t e ,  study ;urd other school 
act iv i t ia  peisond can: and dcstination-oricntcd tnvci. 
Xon-tid xrivitics include sports arid active loisurc. 
passive leisure, some mvcl. mmJ social or civic xxivitics 
(Shamoo ct d, 1991). Tablc 5-20 shows that inhalation 
ma wrrc highha outdoors than indoors at slow. medium, 
;mcl fast activity Iwck Alsoio, inhalation mtcs wcrc hiphcr 
for outdoor n o n e m u d  activities than for indoor non- 
c s a n x i d  activity Isucls at slow. mcdium. and fast wlf- 
rc;roncd brathing ntcr (Table S-20). 

An Sdvantiqc afthis study is lh3t subjective activity 
diary data can provide cxposurc modclers with uwful 
rough ts imtcs of VR for & p u p s  of gcncdly healthy 
pcoplc. A limiotion of this study is that the rcsulb 
obuincd show high within-pcrsun and ktwccn-person 
vyiabiliry in VR at c x h  diary-rccordcd lcvcl. indicating 
that VR eridrr~cs b m  diary reports could potentially bc 

substantially misleading in individual casts. Anorher 
limitation of this study is that elevated HR data of slow 
activity at thc second hour of the cxcrcisc session rcflcct 
pcnistcnt cffcco of  cxcrcise m&or heat stress. 
Thcreforc. ptcdictions of VR from thc V W R  
rclaoonship may bc biased. 

Shamoo e? aL (1992) - &$rcrriveness of Training 
Subjects IO fitimutt 77wirbeI of Vtnritntion - Shamoo 
ct al. (1992) conducted a study whcn: nine non-xdcnwy 
subjcca in good health wcrc h n c d  on B madmil1 IO 
cstimtc lhcirown ventilation mcs  at four activity Icvcls: 
low. rncdium, heavy. and very ha?.  Thc purposc of thc 
study wns to vain thc subjcca self-csbmation of 
vcntilation in hc Iicld and w c s s  the cffcctivcncss of thc 
training (Shmoo ct al., 1993. Thc subjccls includcd 3 
fcmalcr md 6 malcs bcnuccn 21 to 37 ycm of agc. The 
ICSLS wcrc conduced in four stages. First, an initial 
uradmill pmcst was conducted indoors PL various spccds 
until thc four vcntilation lcvcls wcrc cxpcricnccd by c x h  
subjcct; VR wa.. rncaurcd and fcedbnuk was givcn to Ihc 
subjects. Second, two treadmill mining scsoions which 
involvcd scven 3-minutc scgmcnh of vaying spcds 
based on initiat test- wcrc conductcd; VR was me~ssurcd 
;urd fccdback was givcn to thc subjcca Anothcr similar 
xssion was conducicd: howcvcr. thc subjccts cstimatcd 

0.M z 0.36 
0.7% L 0.30 
I .ub x 0.s 
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3 u  I I 3  
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st inacahg speeds. HR and b?t wcrc mcarurcd at the 
third minute ar c x h  >rmnutc intmsl specd. In addition. 
s u b j c a  wcrc tcstcd while waking J 90-metcr counc in 3 
corridor 31 3 elf-elcacd \peds (normal. slower than 
normal. and fastm than normal) for 3 minutca 

Two outdoor tcstmg -\ions (onc hour each) WCTC 

conducrcd for c x h  subject, 7 days  pan Subjccn 
a c r c i r d  on a 260-mctcr asptwlt couru. A -\ion 
involwcd IS minut- cach d r w t .  \low walking, joggng, 
3rd fa%[ walking dunng the liht hour. Thc wqucncc was 
also rcpcstcd during the sccond hcrur. HR 3rd  VR 
mc;L.urcmcnh W ~ C  rccordcd w-tinl: at the Hth minute of 
each IS-minutc qmcn t ,  Followinp thc calihntion tfith 
3 ficld study W;L\ conductcd in which suhjcct'b ulf- 
monitorcd their activitin hy filling out sciiviry diary 
booklcta. xIf-cwirnaicd thcir hrcarhinh. rate\. and thcir 
HR. Brcarhinp rat- WCTC dcfincd x! 4ecp. slow (XIOW or 
normal walking): mcdium ( h t  wlkingl: and t is t  
(running) (Shamoo ct 11.. 19911. Changm in locrrtion. 
activity. or hrcahing r;lb during thrcc 3 L h r  pCtiod4 
within a wcck were rccordcd, Thcu: periods includcd 
thcir most activc working 2nd non-working days. Each 
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various conmllcd lcvcls of exrcisc. and (2) indiviriud 
VR and HR Kkhlsh ipS were & m i n e d  in anothcr sct 
of wlunttm during s u m  CXCK~SC scssions 
(%moo a 31,1990). In rht fin& approach, Ihc mining 
d o n  invoIvcd 9 volunteers (3 tim;llcs and 6 m a h )  
from21 roo37yamold. Initirrlfyrhtsubj~wncmncd 
on a mrdmifl with q p I a r i y  haeasing spccds. VR 
m~l~utcmcnbw~r~ficordcrlduringrhc~~minuttofthc 
3-minur.c i n c d  JC each s p e d  VR was .qiorrcd IO the 
subjects as low (1.4 m'lhr). medium (1523 m'/hr). 
heavy (ZL3.X mhr). and v c p  hmvy (3.Y m'hr or 
hiw)(Sh;unooctsl, 1990). 

FoIIowingthcinM tcrt ~ m i f 1  mining-sions 
were conducted on sdiffcrcnt day in which 7 ditycrcnt 
spxds wrc prcscntcd. each for 3 minutcs in ybitnry 
order- VR w z i  mc;LsuTcd an3 rhc subjcni wccc givcn 
fedback with the four ventihuon n n p  provided 
pmiousty. Aft~rn~t i~g.a trudmill testing session W;L< 

conducted in which seven s p e d $  were prrsentcd in 
differenr arbiaty ordcr Irom thc mining stsion. VR 
wzs masurcd and each subject cstimtcd thcir own 
vcntihtion Icvcl at Wch speed. The coma lcvcl wa% hcn 
rcvdcd 10 each wbjcct after h i h e r  own cstimtc. 
Subqucnndy. ow0 3-hour outdoor supcrvi.d excrcisc 
Scssiotw were conductal in L+C summer on two 
consccurivc days, Each hourconsisted of 15 minutes cach 
of rcst, slow walking. jogging. and t jsc waking. Thc 
subjccts' ventilation lcvcl and VR wcrc rtuorded: 
however. no fmdback m s  givcn to the subjcca. 
Elccnh.;Udioprm WCTC rccordcd via dircct connection 
or tcIcmeny and HR w s  tnasurcd concumntly with 
ventilation mc;rsurcmcnr forall vndmil l  sessions, 

The xcond approach consisted of two protocol 
p h a s e  (indodoutdoor cxcrcisc -ions and ticld 
testing). Twenty outdoor adult workers bcrwecn 19-50 
.yws old weh: rccruitcc. Indoor and outdoor supciviscd 
exerciscs similar to ac protocols in the ftnt approach 
w a r  conduani. however. that w m  no feedbacks. Nso, 
in this approach, c l c c t r o w r d i o v  wen: recorded and 
I iRwas mcasurcd concumntly with VR Ourins the ticld 
tcsting p h e  subjccfs wetc h n c d  to record thcir 
acavitics during thrcc dif'fcrcnt %hour periods during 
one week. These p o d s  included thcir mobt active 
workingand non-workingdays. HR w3s measurcrl quasi- 
continuously during thc %-hour pcriods that activities 
wcrc recorded. The subjects mordcd in o diary all 
chmbm in physid activity, loadon. and exercise lcvcls 
during waking hours. Sclfetimtcd activities in 
suptrViscd ULerciXs and ficld studies wcrc cacgorircd as 

slow (resting. slow waking or cquivaknt). midiurn (fasK 
wdking or equivalent), md fzit (jogging or cquivdcnt). 

Inhdation ntos wcrc not prc?;cnlcd in this study. In 
the first approach. about 68 v e n t  of d1 ?;clf-c%timatcs 
wcrc correct for thc 9 subjccw samplcd (Shamoo ct J.. 
1990). In3ccuntc .iclf-csdmtcs occurrcd in the younger 
d e  population who wcrc highly physically fit and wcrc 
competitive aerobic mincrs. This subst of mmplc 
population tcndcd IO undcreslimcrtc thcir own physical 
activity lcvcts 11 highcr VR n n p .  Shiimoo ct 11. ( 1990) 
attributcd this to J "macho cffcct" In thc sccond 
approach. a rcpxiion aR;L?Vsis was conductcd [hat rclatcd 
the logarithm O f  VR 10 WR Thc l o b ~ t h m  Ot' VR 
somlatcd kttcr with HR hhan VR itwlf (Shamoo cc al.. 
1990). 

A limitation moci;Ltcd with this study is that thc 
popularion sampled is not rcprcsunmtivc of h c  gcncnl 
U.S. population. Also. vcnt i ldm ntcs wctc not 
pnscnlcri. Training individuals to cstimtc thcir VR may 
contributc to unccminty in thc icsults because thc 
cstirnatcs arc subjccttvc. Another lirniwtion is that 
calibntion bl;l wcrc not abtaincd ;* cxmmc conditions; 
thcrcfbrc. thc VWHR rclationship obtaincd may bc 
biased. An additional limitadon is that mining subjects 
my bc too labor-intcnsiwc fo rwidcspd  usc in cxposuic 
awxmcnt wdics. An dvmtagc of this study is that WR 
twodings arc usctul in predicting vcntilacion mtcs which 
in turn arc u~'1'uI in estimating exposure:. 

Sliumw etal. (1991) - Activity Purrems in a Punel 
of Ourdoor Warkrx Ecpscd IO OXiLinnr Pdutiart - 
Sharnoo ct 51. (1991) invcstiptcd surnrncr activity 
paucms in 20 adult voluntccrs with potcntiafly high 
exposun: to mbicnt oxidant pollution. Thc sclcctcd 
voluntcctsubjccts wcrc IS rncn and 5 womcn ages 19-50 
y r m  from the Los Rnyclcs area AI1 voluntccrs workcd 
outdoors at Icmr 10 hours per wcck The cxpcrirncnd 
approach involved two stages: ( I )  indirect objcctivc 
cstimation of VR from MR mcmmxncnfs; and (2) sclf 
cstimauon of inhalationlvcntilation mtcs recorded by 
subjccts in diancs during rhcit 00m1 activities. 

Thc approach consistcd of calibriting thc 
rclationship ktwccn VR and HR f'orcach ICSC subjcct in 
controlled cxercisc: monitoring by subjccts of their own 
n o m 1  activities with dilvics md clccmnic H R  rccordcrs: 
and thcn Elating VR with thc octivitics dcscribcd in thc 
diaries (Shamoo ct d.. 1991). Calibration tests wcrc 
conductcd for indoor and outdoor supcrviscd cxcrciscs to 
detcrminc individual xlationships bctwccn VR and HR 
Indoors, each subject w i ~ .  tccstcd on a treadmill at rest and 



Volume I - General Faerors 

Chmter 5 - Inhaladon 

Page Exposure Fmors Handbook 
523 August 199i 



8 h o n o f r n t y n l  16 hoursof1ight;rcxivitirs. Itvmatw 
x~sumcd that I6 hours wcrc dividcd evcnly bciwccn 
occuptiond and nonoccupational activitirx It WL\ 

assumed that 3 day consisted of IS hours rcsting and 10 
h o w  light activity form infant ( I  yr). A ncwborn'u daily 
advitics comkcd of 23 hours rcsting and 1 hour light 
activity. Table 5-1s pmencs the daily inhalation mcs 
obdn td  for dl apzi&cndcm. Thc ahmatcd inhalation 
ram wcrc 2 2 %  m"ay for adult d e s ,  2 I. I m'/day for 
duk f d -  143 r~'/&ty for childrcn (age io ?cars). 
3.76 m'/day for infants (age t )a). aril! 0.a m'/day for 
newborn. 

w t y  studia. In mow rcccnt investigations, minutc 
ventilations havc bccn mc;lsurcd mow i ~ s  backbmund 
information than a\ r c x m h  objcctivc i w l f  and l c  
availablc studics hvc  k c n  for spccitic subpopulations 
.such a! obcsc, a<thrnatic\, or marathon runners. The ~ : K I  
compiicd by rhc US. EPA (1985) for each agc/gcndcr 
cohons wcrc obmincd at various activity Icvcls. Thcx 
Icvcls wc'rc ~~tcl;onzcd as light, modcntc. or hcavy 
according to thc criteria dcvclopcd by thc EPA Ot'licc of 
Envimnmcnd Criteria and Asscssmcnt for thc Ozone 
Critcrirr Document. Thcsc critcria wcrc dcvcfopcd for a 
rcfcrrncc mdc adult with a bod!, wcight 01'70 kg (US. 
EPA, 1985). The minutc vcnulation m ~ c s  for adult malcs 
h a d  on thcsc xriviry trvcf atcgoncs arc dctailcd in 
Appcnllix Table SA-6. 

Trtbk5-16 prc.scnw a summary of inhalation m~es 
by agc. gcndcr. and activity Icwl (dctailcd data arc 
prcscnud in Appendix Tablc 5A-7). A dcsription of 
xtivitics inclullcd in cash activity level is also prcxntcd 
in Tablc 5-16. Table 5-16 indicitcs that at ra t ,  rhc 
avengc adult inhalairon mtc ir 0 5  m h r .  Thc mean 
inhalacinn rm for children 31 r c s t  agcs 6 and IO ycars. is 
0.4 m'hr. Tablc 5-17 pnxnts activity pt:crn dab 
ab%Wp'Cd for thrcc microcnvironmcnrs by activity kvcl 
for dl agc p u p .  Thc total ovcngc houri spent indoors 
wa* 20.4 outdoors W;LI 1.77. and in rrmpomrion vchiclc 
w w  1 .E. Brrscd on thc d m  p m n t d  in Tablcs 5- I6 and 
5-17, d i l y  inhalation mtc w z .  calculitcd for adults and 
Ghildrcn by using a tirnc.-llctivity-vcntilation approach. 
Thcx d m  arc pwscntcd in Tablc S-18. "tic ulaulated 
;ruerap daily inhalation mtc is 16 m?:Jay for ~ U I L S .  ~ h c  
wcrq!! daily inhalation ratc for childrcn (6  and IO yis) i s  
13.9 m'/d;ly ([ (6.74 * 2l.02]/3. 

A limitrrtion ;~ssocia;cd with this study is that many 
of lhc vduw uwd in thc data compilation wcrc from carly 
studics. Thc xcuncy andlor validity of rhc valum used 
and dam collcction mcthtd wen: not prcscntcd in US. 
EPA { 1985). This introduces unccminty in thu rcsul~s 
obmind. An advamgc of this study is that thc dau arc 
acttul mc'awrcmrnt da~a for a hrgc numbcr of subject,, 
and thc dam ;vc prcxntcd for both adults and childrcn. 

Sltumrm cral. (I9901 - Improved Qiranrirution uf 
Air Pollurim Dose Xares @ Improved fititnution of 
Vmihrion Kure Shamoo et al. (1990) conductcd this 
study to dwctop and valid3tc ncw mcthds to tlccun~cly 
cstimtc ventilation rates for typical individuals during 
their normal xtivitica Two pmcticat approaches wen: 
tcswl k r  wimating vcntilition rates indircctly: ( I )  
voluntccn wcrc trained to cstimatc their own VR at 



53. REFERESCE!! FOR CHAPTER 5 

Exposure Factors Handbook P q c  



Volumc I - Gcrtcrd Factors I 

P a p  Fxposure Factors Handbuok 
$26 August 1997 



H L 

t 

c. 

u 



Cl~anter 5 - inl&on 



High 

H m  

Medium 
High 
High 

blnlium 
High 
High 

Medium 
Medium 

High 

Mnlium 

High 

High 

t \ h l r s  (19.65- y n )  - Adults in this 
rcxommcndation include young to middle age a d u h  ( 19- 
(5.: yn) .  3nd older adults (65- yrs). The daily a v c q c  
inhalxion r d m  for long tcrm cxposurc for adults m: I 13 
m'/day for womn and 15.2 m'/d/day ibr men. Thcs 
values rvc averages of thc inhalation rdtcs providcd for 
malcs and limalcs in c x h  of thc lhrcu approaches of 
Lyton ( 1993) (Tablcs 5-1 1 through 5-14). An uppcr 
pcrccntilr is not rccomrnundcd. Additional rcscuch and 
m i l p i s  of actibity pattcrn data and d i c w  dam in thc 
futurc is necessary to attcmpt to calculatc upper 
pcrccncilez. 

Thc wcomrncndcd vduc for thc gcncnl population 
avcngc inhdatian rate. I I .5 rn'/day for women and 15.2 
mhay  for mcn. is ditfcrcnt than the 20 rnJ/dd;ly which has 
cornnionly k e n  awrnrd in pa-t €PA risk usxs. 9 srncnts. 
In addition, rccornmcndations arc prc.cntcd for various 
age% and spccial populmons (athlctcs. outdoor workcrs) 
which alw diffcr fmrn 20 m3/day. A ~ m s o r s  arc 
cncourigcd to use values which most accumtcly rcflcct 
thu c x p o ~ d  population. 

For cxposurc scenarios whcrc thc distribution of 
activity pttcrns is known. thc following rcbuI~s. 
wlculatcd from h e  studies rcfcrcnccd arc shown in Tablc 
5-25. Bawd on thcsc kcq; studics, the following 
rccornmrndations arc madc: for short tcrm ocposurcs in 
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63. SOIL ADHERESCE TO SKIS 
6.3.1. Bstckground 

Soil 3dncrcntc 11) thc surfkc 01' thc A n  is a 
rcquircd piimmcicr io cnlcularc dcrmal dtiw uhcn the 
cxpozurc xcnano involve\ dcmal clmtrrci uith a 
chcmiwl in wlil. A numhcr ofrtudtc> hiivc sttcmpicd to 
dctcrminc the mapituJe u l d c m l  YIII dhcrcnsc, 7'hcw 
$tudic\arc d h c r t k d  in dctail in US, EPA ( lW?h), Thh 
sccrion sumrnarixs rcccnt studic\ that &tims!c w i l  

adhcrcncc I C I  skin for uu: 3% cuposurc factor\. 
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thc pmicutar body pwt(s). For c.umplc. to u s w s  
cxposurc to a chcmicrrl in a clcining product for which 
only rhc b d s  ;UT cxpcd .  surface ma vilucs for hand3 
from Table 4-4 can bc uscd. For cxpoaurc: to both hands 
and m s .  mean surfax  arc^* for the.* p m s  from Tahlc 

expod.  The rncm surfacc m of thcs  body pacts f i r  
mcn ;urd women is as follow: 

6s my k summed to cSlim:c 111s 1ol;ll surtbcc arc3 

3- Itl 
d'! !\men 

hwcidurlcnu~ium~il l )dion%innrI  0.23 0.30  
w t l0tU 0.015 
Tunl aml 0.312 0 3 5  

Thcrctbrc. hc row! body pan ~urlkc arc3 that may he in 
confact With thc chcmiwl in the c lan i r tg  prduc: in this 
cample  is 03 12 rn: for mca Jnd 0235 in' for wornsn. 

A camman axsumption is that clothing prwena 
dcml  conrxf and subequcnt abwrption of 
conlaminants. This awmption may be tilsc in caws 
whcrc the chcmial m y  k able to pnctnrc clothing. 
such as in a fine dust or liquid wqxnsion. S:udics wing 
pcrsonal patch monitors plarcd beneath clothing of 
pcsticide warkc- cxpoud ro tine mists and vapors show 
that a dpif imnt  propamon of dcrmal exposun: may 
o a r a t  anatomid sit- cowred by clothing (US. EPA, 
1992b). In ahfition, it Ius ~ C C R  dcmonsrrstcd that ;L 

"pumping* rffcct can occur which sues matcriat to 
mavc undcr lwr clothing (US. EPA. f!r)Zb). 
Funhcnnorc. studies h v c  Jtmonsrsfcd chat hand\ cannot 
be conidcmi to k protected from C X ~ U K  EWR if 
~ t - f f l o ~ a a h r  W O ~  (US. EPA !992b). T h l ~  
bc due to conamination t o  thc intcrior surface at' rhc 
gtovcs when donning or removing lhcm during work 
activities (V.5 EPA 1Y92b). DcFnd ing  an the ~ s s k  
pcrtiddc w o r k s  have k c n  *how ro czqxricncc 12 
pcrrcnt toJ3 pcrccntufthcir:ot.al exposure thmugh thcir 
h d s  ~pprnxhnatcly 20 perccnt to 23 pcrccnt through 
htir bels and n c c k  and 36 percent to 6.: percent 
h i u g h  drcir torsos and m x  despite thc  u .  of ptotmive 
glovcsmd c!othing(US. EF'A. I W b ) .  

Far swimming and bathinpxnxios. pa%t cxpsurc 
awsznts~ have ;rwmcd b t  75 pcrcmt to fOO pcrccnt 
olthc skin sur!*se is c x p d  (US. EPA. 1992b). A\ 
shown in Table 6J. (oral &:I body surf;rcc ma can 
vyy from &mu 17.000 an: to 23,oOO a:. Thc mcan is 
rcpomd 3?i appro~mtcly 20.000 I&. 

For drlbulr purpoec%, adult body surfacc~rcas of 
?O.or~) cm; (ccnwd cstimtc) to Z,O(H, cm- (uppcr 
pcrccntilc) arc rccommcndcd in U.S. EPR (1992b), 
Tables b-2 :md 6-3 can also bc uwd whcn thc d c k u l ~  
vJueti arc not prcfcrrcd. Ccnrrd 2nd upper-pcrccntilc 
value> for children should bc dcrivcd from Tahk 6-6 or 
6.7. 

fJnlikc cxposurc to liquids. clothing my or m y  
not t?e cfftxtivc in IimiIing the cxtcnt of ~lxposun: to soil. 
Thc 1989 Expowc Fatoh Handbook prcxnlcd two 
d u l r  clothing ~ ~ 1 3 r i l n  for outdoor activities (US. EPA 
I9YY): 

Centrd tcndcnq mid range: :ndividur\l w c m  
long slucvc >hi& pilnls, and S ~ W S ,  Thc cxpoed 
skin hurtbcc is limited IO thc head and hand\ (2.000 
cm5. 
Upper pcrccntilc: Individual w c m  a shon zlccvc 
shirt, shank and shwi. Thc cxposcd skin surtLcc 
is limttcd to thc hcad. hands, Ibrcams. and lowct 
~cgs (5,300 ern:). 

Thc clothing scnarios pnxcntcd above. zuggcst that 
ruughly 10 pcrccnl to 25 pcrccnt of thc skin arc3 may bc 
cxpascd to Mil .  Since some studics hsvc suggcstcd that 
cxposurc cnn occur undcr clothing, thc upper cnd of (his 
rrrngc WL\ sclcc~cd in Dernral Ejpusure Asscssmmr: 
Yrincipks und Applicurions (US. EPA 199Zb) for 
deriving defaults. Thus. uking 3 pcrccnt of thc tot31 
bodv surhcc m a  results in dct'aolts for adult! of 5.000 
crn"Io 5 8 0 0  an'. Tlicsc vduc\ wcrc obtaincd from thc 
b"-y surface wczs i n  Tabtc 6-2 aficr rounding 10 20,OOO 
cm-and 23.OOO cm*. rcspcctivcty. Thc nngc of defaults 
for rhildrcn can bc dcrivcd by multiplying thc 50th md 
95th pxcntilcs by 0.25 for the :rgm of iatcrcst. 

Whcn addrcssing soil contact cxposurcs. ~ ~ S K S S O ~  

may want to rcfinc cstimatcs of surfkc arc9 cxposcd on 
the buis at' r s o n i l  conditions. For exampls. in 
m d m t c  clim~c?i, it may bc rcasoniblc to atisurnc thrrt 5 
pcrccnt of the skin ia cspowd during thc wintcr, IO 
pcrccnt during thc spring and fall. and 25 pcrccnt Juring 
the summer. 

The prcviou\ digcussion. ha$ p m t d  infomuon 
about thc ;vc3 ofsliin cxpoxui to soil. Thcsc cstimatcs of 
cxpcxl *kin arc3 should be u e f u l  to asscs,w~~ using thc 
mdiciond approach of multiplying thc soil adhcrcnce 
factor by cxposd skin m a  ro cstimatc drc tout m u n t  of 
soil on skin. The next wstion prcscnts soil dhcnncc data 
spccitic IO activity and body part and is dusigncd to be, 
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D'Agostino's tcst. Thc rcsults indictltc thrrr the S,VnW 
ratios lor i n f i n h  arc Ingntirrn;tlly Jisrrihulcd 2nd thc 
SMEiW ratjot for adults and nil ages conihincd arc 
normally distributed (hgurc 6-21. StVRW rat ios  for 
childrcn wcre ncithcr nonnally nor I t ~ ~ n i i m l l y  
dislnhorcd. hscordinl: r i i  P h i i f i p  ct rrl. ( l l P j 3 ~  S,WE\V 
ratios khould hc ued  to ~alculak LAD& hy rcplacing thc 
h d y  w r ' k c  arc3 lictor in ihc numerator of' the L \ D D  
cquation with thc StV3\5' ratio and eliminating thc hJy 
wcighi factor in the dcncrmmror 4' the LAD0 cquittion. 

Thc ct'l'ccr ot' pndcr ;rnd ; i p  on SIVBW 
distrihuttun w;4r a h r  an;rly/cd hy cltltdyn$ 111c 401 
ohscrvation3 hy gcndcr and agc. Statistical anrtlyw- 
indicated n o  significant dif'lcrsncch hctwccn SAA3'A' 
ratio\ for rnalcr ;inrl t'cmiilc\. StVRiL' ratios wcrc liiund 
to dccrcasc with iiicrcasing age. 

r 1 

Formul;lc wcrc ccirnp;lrctl and thc cffcct of thc iorrchtion 
hctwccn hcight and weight on ihc h i d y  wrPicc a m  
distribution was anslyid. 

blonlc Carlo simulations were cancluctcd I O  
cbrimrrtc Wj ~utl'acc arc3 distribution\. Thcy wcrc b ; L d  
on the bivuiatc di\tributions cttim;llrd hy Sriinard lrnd 
Burmastcr I1993 for height and natural logarithm i d  
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Boyd ( 1935) that wert complctc for surfbcc arc& height, 
weight. and age for rhcir wdysis. Boyd (1935) had 
report& u i k r  arcacstimtcs tbr I. 13 individuals using 
coating. triangularion. or surfsc intcbmtion mcthlxls 
(US. &PA 19,yS). 

US. €PA (193s) used SPS to gcncntc cqwtions 
to dculatc surfacc m a  a< 3 function OF height and 
uzigh:ht Thcseqwionu then used to calcufatc M y  
surhctlut;r distributions ofthc US. population thing the 
hcig!x cmd wcight &r;l oboincd from rhc S;lxiona( Health 
and Suoitian ExYnimtion S W J ~  (KHASES) I1 and thc 
computcr p r o b m  QXIU of Rochon and &Isbeck 
fI9Y3). 

The egudon proposed by Gchm mJ Gcorgc 
( 1970) w;1* dctcmind by US. EPA ( 19x5) to fx (hc' h t  
choicc for estimating tool body surhcc mx. Howcvcr. 
the paper by Gchm and Gcorgc (1970) p v c  insufficient 
infarmmion to estimrc thc sfandad c m r  ahrut the 
rcgrcssion. Thcrcforc. U.S. EPA (1935) uwd the 401 
direct m w r e m e n c s  oPchildrcn and ddts and rcm&wd 
the data uing thc formuk of Dubois and Dubois (I9 Ib) 
and SPS to obnin thc standard m o r  (US. EPA, 1935). 

Rcgrcssion equrions wcrc dcvrloped for spccitic 
body parts using the D u b i s  and Duboih (19 16) formula 
and u-ing thc surl'ac~. m a  of vuious body pins provided 
by Boyd (1935) and Van G m  (1969) in conjunction 
with SPS. Rcgrcssion equations for adults wcrc 
dcwlopcd for thc h c d ,  trunk (including thc neck). uppcr 
exucmitics ( m s  and hands. uppcr m s  and Ib r rms)  
and lowcr cxtrrmitics ( Ice  and fcct thighs. and lower 
IC@) U S .  EPA 1383. Tablr6-1 pmenisosummq of 
thc equation p m c t c r s  dcvelopcd by US. EPA ( 19YS) 
forwlculatingsurfacc a m  of adult body p a  Equations 
to eislimtc the body pru: sunjcc m a  ofchifdrcn wcrc nor 
dtvclopcd bc-usc of imdficicnf Jam 

Pcrccntilc ntimatrs of tow1 surtcc area and 
surfice m a  of budy pmdcvrlopcd by U.S. EPA ( 1935) 
using chc rcgrmsion cqu;lrions and ?*i'.zs [I hcighr and 
wight  dam arc ptcsentcd in Tables 6-2 and 6-3 for d u l t  
mala  and adult fcdcs ,  re~pccrively. Ihe ctllculatcd 
m a n  wfacc arcas of body parts for rncn and wurncn arc 
presented in Tablc 64. Thc sundad deviation, the 
minimum valuc, and h c  m i m u m  vduc for cach body 
parr arc included. T3c mcdian t o d  body s d k c  IUCJ for 
rncn and women and Ihc corresponding standard cmrs  
about thc rcp4ons are also given. It lm bccn wiurncd 
thar mors awciatcd With height and weight arc 
negligible (US. EPA 1985). Thc data in Tablc 6-S 

prcxnt thc pcrccnugc of total body sorbcc by body p m  
for rncn and women. 

Pcrccntitc rstirnatcs for tout sudacc arc3 of mJc 
and k m l c  children prcscntcd in Tables 6-6 and 6-7 wcrc 
ulcuhcd using thc toal swfkc m a  rcpcssion cquation, 
SHAYES 11 hcight and wcight data. and using QhTLS. 
Estimitcs are not includcd for childrcn youngct than 2 
ycm old kc;lu.sc hcight data arc not avaihblc 
!'or this ;1gc goup. For childrcn. thc crror ;L4ai3tcd with 
height and wight cannot bc aswrncd to bc zcm kcausc 
of their rchtivdy small %insi. Thcrcfow, the sundud 
crrors at' thc pcrccntilc estimates cannot k cstimtcd, 
sincc it cannot be mumcd that thc crrors ohsuciatcd with 
rlic exogcnous varioblcs (height and weight) a ~ c  
indcpcndcnt of that ~ l ~ s o c ~ o t c d  with thc modcl; thcrc ;vc 
insufficicnt d m  to dclcrminc thc rclationship bctwcen 
these crrors. 

SIcsurcmrnu 01' tlic surfacc m a  01' children's 
body put\ arc summarized as n pcrccnugc oftowl surf;L~'c 
arm in Table 6-8. Bccausc of'thc rimall samplc si& lhc 
data cannot bc absumcd to rcprcscnt thc avcngc 
pcrccntqx of wrfacc m a  by body part for all childrcn. 
SoIc that the percent of tutal body surfrrcc m a  
contributed by thc hcad JccrcILK's from childhood to 
adult, whilc the pcrccnt contriburcd by thc tcb . i ncreucs. 

PJit';/ips et a/. ( f 993) - I)ismriburiuns ofrotul Skin 
Surface Areu to Body Wright Rurins. - Phillips ct al. 
( I993 obscrvcd n strong correlation (0.986) bciwccn 
M y  hurtkc m a  and body wcight mJ studied thc cffcct 
of using ihcsc factors as indcpcndcnt vrrriablcs in the 
LADD cqu;rtion. Phillip el a!. (1993) concludcd tk~t, 
bccausc of thc correlation bctwccn these two variables. 
the usc of M y  surfxc arc3 lo body weight (SNBW) 
ratios in human cxposurc wcwirncnh is more appropriatc 
ban trcating thcsc factors as indcpcndcnt variabka. 
Dirccr measurement (coating. trimgutation. and sudacc 
intcgrxiorr) dam from thc scicntific liarmrc wcrc uscd 
to crrlculatc body surfacc m a  to body wcighc ( S N B  W) 
ratio, for hrcc ngc groups (infant.. agcd 0 to 2 ycm.  
childrcn agcd 2. I io 17.9 ycars, and ;rdula 18 y c m  and 
oldcr). Thcsc ntios wcrc c3lcula:cd by dividing body 
surfkc ;~cca.s by corresponding body weights for thc 401 
individuslri nnalyzcd by Gchnn and Ccorgc (1970) and 
surnmizcd by W.S. EPA (1985). Distributions of 
SUBW ratios wcrc dcvclopcd and summary statistics 
wcrc ulculmd for c x h  o f  the rhrcc agc groups and thc 
sombincd data xt. Summq smtiritics for thcsc 
populations arc prcscntcd in Tablc 6 9 .  Thc ships  of 
thcsc SA/BW dis~budons wcrc dctcrmincd using 
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6.l. EQUATIOS FOR DEFOLU DOSE 
The a v c n p  daily dose (ADD) is I ~ c  d o e  C;~IP 

avcnbpx! over a pathway-specific period of cxpc)sure 

clxpm*d as 8 d i l y  do* on a pcr-unit-body-wi&!c basis. 
Thc ADD is uscd for expsurc IO chcmiwls wich non- 
crrrcinogcnir: nondhmnic effecs. For compounds with 
carcinogenic. or chronic effects hc tifctimc avcmgc daily 
daw (LADD) is usd.  Thc LADD is thc d o x  IW.C 
a v c m ~ d  over a lifccimc. 

Fordcml contact with chcmids in soil or watcr. 
d m l l y  absorbcri u c n b r  daily dose a be estimrcd by 
(US. EPA. 1992b): 

This m e i h d  is to be uwd to cdculatc thc absorbed COSC 
of 2 chcmiral. Tom1 body surfax area (SA) ia &ssumcd 
10 be cxpi~scd for a priod of Lime (ED). 

For d c m l  conmct with watcr. the DAW, is 
estimtcd with considcntion for Lhc pcmability 
Cwfficicnk h m  water. khhc chcmid conccnwuion in 
watcr, and chc cvent duntion. l"hc approach to cstirnatc 
D t L r  is difltcnt lor inorgnic and organic compounds. 
Thc nonstcady-swtc approach to c?itimatc thc dcmt fy  
absorbed dose from w m r  is recommcndcd a. thc 
prcfemd approach for organics which cxhibit octanol- 
wakr partitioning (US. EPA 1992b). First. this 
approach morc accur;ltcly rctlccn normal human cxporurc 
conditions since thc short CORUCL times associaled with 
bathing and swimming gcnrrdfy mcan chit stcady smtc 
will not occur. Sccond. Ihc appraach accoums for uptitkc 
tha: can occur attcr Ihc i~ctucll cxposurc cvcnt due to 
absorption of nsidul chemical trapped in skin tissuc. 
Use of rhc nonstc3dy-statc modct for organics hzs 
implications tor slecting permeability cocfficicnt (I$,) 
values (US, EPA. 1992b). It is rccommendcd that chc 
traditional stcady.snrc approach bc applied to inorganics 
(US. P A .  1992b). Dctailcd infomuon conccminghow 
to cstirnatc absorkd d o s  pcr cvcnt (DA-,,) and I$, 
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Light 

Light 

Light 

Modcntc 

.vodcratc 

>l OdCra t c 

Hcnvy 
Hcavy 
Vtry heiw 

Vcry hcnvy 

scvcrc 
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Source; 
AvcraKc adult ~rrwncd IO weigh 70 kg. 

Adapted lrorn U.S. EPA, 19dS 
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Tahlc5A-Z M m  MinutcVcnrilation tV,.. Urnin) hv Cmun and Acrivitv fnr Field Pmtocnh 

r\ctiuitv Ywnc. Children' Childrm Adult Fcmln Adult Males 

I 131 17.89 DSP DNP 
Car Dnuinl; DNP DiVF 8.95 1 O.t? 
4211- Rding D W  DSP 8.19 9.83 
Y;udWOdC DSP DNP 19.23' 26.0tbf3 1.89' 
HOuJnuark DNP Dh'P 17-38 DKP 
CxlMJinmulet DhP DSP DNP 23.21~ 
Mowng Dh7, DKP DNP 36.59 
WnnAmtkinu n w  * DNP, DNP 4f- 

YaungChi1drcn.m.d~ wid htndc3-5.9yroldu; Chifdrcn. male arid fcmlc 6-129 yroldsr Adult Fcmalcs, adolcssnt 
pung to mrddlou~~ and alderadult t'tin;lla: Adult Mala. adolcscenr.. young to middlc-agd. and older adult mala: 
DS?. p u p  did not pcrfonn this prctrocol or s w;\s too smll for appropriate man comparisons: 
M G U ~  v a ~ u c  tor puny to rmdtl~e-ageci adults only 
Man vduc foroldasdulh only 
Olda;dul&not indudcd in the mean wdursincc they did not pertbrm this activity. 
Molcsccrrt+ not include$ in man vduc since they did not perform this activity 

CL 

' 

1 TahlcSA-I. M a n  Minute Vcntilat~an fV,. Urnin) hv Croup and Artiwtv forbhorntow Pro~ocols I 
mvitv Younu ChiIdrm* Childrcn Adult Fcmala Adult M13ICF 

W s  6.19 7.5 I 7.12 x.93 

-g ' 6.76 8.49 8.36 I0.bS 
SmnK &.a 7 .3  7.74, 9.30 

WdkUlg 13 mph 
1.87s mph 
20 rnph 
225 mph 
Ts rnph 
3.0 mph 
35 mpb 
40  mph 

10.3 
1053 
Dh? 
11.6s 
DSP 
DSP 
DN2P 
DSP 

DNP 
DNP 
13.13 
DNP 
I SSH 
17.79 
D W  
DF'P 

DNP 
DSP 
DKP 
DKP 
20.32 
X 2 0  
DNP 
DNP 

DNP 
DKP 
DNP' 
DSP 
24.13 
DNP 
27.90 
3653 
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limited numbaofmcurcmcnts. SpeCiticsituatiom! have 
k e n  wlectcd to ascss soil adhcrcncc to skin. 
Conscqucntly. variation duc to individuals. pmtcctivc 
clothing. tcmpod. or smsnal  factars remain to be 
studied in mure dcdl .  Thcrcforc. caution is rcquircd in 
intapmation an3 application of thcx rcsuloi forcxposw 
xiscssmcnn. 

fhcjc studies basal on limited dam but 
suggcsr 

- Soil pmpcrties intlwncc dhcrcncc. Adhrrcnce 
incrca-wi* m a i s m  content dccrcxws with 
pyticlc size. but is rchtivcly uruffcctcd by clay 
or organic arbon contcnf 

- Adhcrencc lcvcls vary considenbty across 
d i f l m c  p m  of the body. Thc highest lcvcls 
wcrc found on common contact p i n &  such as 
hands. k n a  and elbows; the Icat was dctcctcd 
on the face. 

- Adhmncc Icvclsvq wih xtivicy. In gcncrdl. 
Ihc highat lcvclo of soil dherrncc wen: %en in 
outdoor workm such a\ farmers and im'gtion 
system insallen followcd by outdoor 
m t i o n ,  yrd prdcniny mivitics. Very high 
dhcrcncc lcvcls weft wcn in individuals 
conudnp wet sods such a\ might occur during 
wading or ohcr d m c  m a  rccrcationrrl 
aaivities. 

EPA is sponsoring m a r c h  to dcvclop such an approach. 
As this infomuon bccomcs. avdblc, updated 
rccomrnendatlions will bc issucd. 

Tablc 6-12 provides the best estimates available on 
octiviyspecific adhcrencc vducs, but at b u d  on 
limitcd data. Thcrefoorr. hey havc a high d c p c  of 
uncertainty such that considerable judgment must be used 
whcn riclccting them for an s s c s s m n t  TIC confidenix 
n t i n s  for vVious aspectl; of this rccornmcndauon arc 
s u m ' z c d  in Table 6-18. Insufficient data arc available 
to dcvclop adismbution or a probability function for soil 
loadings. 

Past E?A guidancc has ncommcndcd assuming 
that soil cxposurc occurs primarily to a p e d  body 
surfaccs. and uscd typical clothing scenarios to dcnvc 
cstirwcs at' c x p x d  skin 3tcil. Thc approach 
rccomrncndcd above for estimating soil odhcrcncc 
addrrsscs chis issue in ;1 diffcrcnt manncr. This changc 
was rnotivatcd by two dcvclopmcnts. First. incrcascd 
acccpunce hat soil and dusr p;uticks can p t  under 
dothingand bc Jcpositcd on skin. Second, rcccnt studies 
of . d l  dbcnncc h o c  mcasurcd soil on cntirc body 
(whcthcr or not thcy wcrc covered by clothing) and 
avcmgcd Ihc amount of soil dhenng to skin over chc m a  
of cnrirc body pan. Thc soil adhcrcncc lcvcls resulting 
from cJmc new studies must bc combincd With thc surfacc 

ofac cntirc body p;ut (not merely undothcd surfacc 
am) 10 cstimate h a  mounr of contuninant on skin, An 
important cavcat howcvcr. is that this approach awiurncs 
htclothiny in thc ctposurt sccnrvio ofinlctcst matches 
thu clothing in thc studies uxd to dcrivc thew dhcrencc 
levels such that rhc dcgcc of prokction provided by 
clothing can be assumed in both cats. If clothingdiffcrs 
significantly bctwccn the studies rcponcd hclr and thc 
cxposurc scenarios under invcstiption. considerable 
judbmcnt is nccdrd to adjust cithcr rhc tulhcrcncc lcvcl or 
surthce m a  assumption. 

The dcmwl dhcrcncc d u c  rcprcscnrs the amount 
of soil on the skin at the time of mcxsunmcnt. Assuming 
that the amount mesurcd on Bc skin nprcscnw ks 
xcumuhtion bctwccn washings and hot pcoplc wash at 
!cat once per h y .  thesc adhcrencc vducs can bc 
intcrpntcd as daily contact mtcs (US. EPA. 1992b). 
Howcvcr. this is notrccommcndcd bcausc the rcsidcncc 
time of soils on skin has not bccn studicd. Inswad, it is 
rccommcndcd that thcsc adhercncc va1urs.b~ inlcrprctcd 
on m cvenc basis (US. EPA. 199Zb). 



1985. Diffcrcncch hcrwcn thc mi and human wit 
odhcston tindink- may k thc rcsult of diffcrcnccs in mi 

and humn skin tcxturc. the of soils u d ,  sail 
moisture conicnt or poshibly the m c t h d h  of mmuting 
soil adhehion (Ynng ct 31.. 19H9). 

6.4. RECOX13133i'DhTIOSS 
6.41. Body Surface Arc3 

Body surfacc m a  citimatck ate h a 4  on direct 
mcohuremcnts. Rc.analysis of dau collcctcd hy Boyd 
(19351 by wml invntikmon (Gchan ilnd Ccorgc. 1970; 
U.S. EPA. 19x5; Mumy and Bumutcr. 1992 Phillip cr 
al., 1993) constitute much of t h b  litmturc. Mcrhods arc 
highly rcprducihlc and thc rcsulh arc widely acccptcd, 
Thc rcprcwnutivencs\ of thcH: dara to thc pcncral 
population is somewhot limircd 4nc.c vmiahilrty duc to 
mcc or gcndcr h a w  not bccn systematically acldrchsd, 

Individul hwly wfacc m a  studici arc 
summrrrizcd in Tahlc 6- 1.3 and rhc rccornmcnclations Ibr 
body aurlhcc a m  arc wnrnarizcd in Tahlc b- t i .  Tshlc 
6-15 prcscunh thc confidcncc nlinp for viutous ahpccla of 
thc rccornmcndationh for  body surfacc area. Thc G.S. 
EPA (17XS) rtudy is h w d  o n  pxwrttlly ;tcccytcd 
rncasurcmcnts that cnjoy wtdchprcad u ~ g c .  summarim 
and compnrcs previc-w rcpcirts i n  thc 1ircr;wrc. prcividcs 
srntisticid distrihurions for adults, and prtividch d a h  lirr 
totit1 b d y  surfacc arc2 and bidy  part\ hy gcndcr fiir 
adults and children. flowcvcr. thc rcsulrS arc h a d  on 
401 qlcctcd milsutcmcnh from the aripn;tl I ,  1 14 m~dc 
by Boyd ( 193s). More thsn h;hf'of thc r n ~ i ~ s u r ~ m c n t ~  arc 
from childrcn. Thercfim. rhcx csLtrnatcs rn;q he subject 
to xlcction h i w  and may no! hc. rcprcxnwtivc tit' thc 
general populrriion nor \pccific ethnic group. Phillips ct 
:\I. ( 1993) nnalpccs arc hawd an dircct mcii\urcmcnl d;iu 
that providc distributions of M y  ~url'acc m a  to calcu13tc 
U D D .  The rcsulL\ arc condcnt wilh prcviou ct'fons to 
cstjm;rrc body surface arch Analyw arc b a d  on 401 
mc;l.surcmcnts xtcctcd from rhr original 1.1 14 
measurements made by Boyd ( 19.75) and dat:l wcrc not 
analyLcd for specific bod!, pan*. Thc study h! Murray 
and B u r m w x  ( 1  9U2) priwidn licqucncy di\tnhutionh Or 
body surt'acc m a  for mcn and women and prcduccs 
result\ [ha; arc similar to tho* ohtaincd hy thc U.S. EPh 
(1985). but do nor provide drro for hcdy parts nor can 
rcsule bc applied 10 childrcn. 

For most dcmwl cxpmurc v'cnmos concerning 
adults, i t  ia rccommcndcd thAi thc huJ> surtjcc 
prcmtcd in Tnhlc 6 4  hc u*cd a t t a  dcrcmining which 
body parts will he c x p q d .  n h l c  M way sclectsd 

hcuulul thm L\o. arc stnightlbrward dcrrrrninarionx for 
most wxn;irici\. 1-ioucvc.r. for oth~m. additional 
considcrationa m y  nccd to k ;IJJTL~?cJ. For cumplc. 
f 1 )  thc t>pe of clothing warn could have a sipifkutt 
clfcct on rhc sud'xc arm cxpowd. SnJ (2) climnc 
condition\ will nlw, al'iccf thc rypc of clothing worn and, 
thw, the &in surface zuca e x p e d ,  

Frrquency. cvcnt. and c x p u r c  duntion for w;lm 
nctivitin and *nil conma arc prhemcd in Activity 
Partcrn% Volumc ITT. Chapter 15 ofthis rcqwrt. For mch 
p x m t c r .  rccommcndod values w-rc Jcnvcd for a v m p  
and upper prrccntilc valun. E x h  oflhcu. considLmtionh 
arc 3 1 ~  diwuwd m more dcml in US. EPA ( tW2b). 
Dsu in Talrln 15-2 and h-3 can tW uwd when surfhc~. a m  
distrihutisn!. arc prct'crrcd. A rangc of rccomm-ndcd 
valum fur csiim;rIas of the sbtn surt'lrcc m a  ofchildrcn 
mr\y hr: Ukn from Trrhl- 6-6 and 6-7 using ~ h c  50th and 
95th prccntilc viiluc~ for ;ISC(*) ot' w n d m .  The 
rccommcndcd SOth and 95th Frccntilr valuh for adult 
skin rurtilcc area provided in C.S. EPA (tU92h) arc 
prcxntcd in Trrhlc b l h .  



pm. and 0.5s rngcni' fur unsimcd soils. Analysis of 
varianac bt;iti.slics showcd that thc inou important factor 
at'fcctiiig ;dhcn'ncc v:iriability was particlc sizc (p C 
0.Wl). Thc next mosr importsnL factor is .wit fypc and 
bubtFpc (p e O,oO!). ?hc intcrmion of mil typc and 
partislr sizc W L ~  atso sisniticant. but at a lowcr 
bigniticancc lcvcl (p <O.Ot). 

Driver ct 31. (19%')) found smistiwlly significant 
incrcascs in soil ndhcrcncc with dccrcasinp partick six: 
whcrcas. Que Hcc ct 21. (198s) found rclotivcly small 
chsngcu with change, in paniclc atxc, The amount ol'soil 
adhr'xncc L'ound by Drivcr et at. ( 19x9) was grcatcr then 

Scdtiiwr (1989) - Tlir Devrlopmcmt of Applied 
rlcrrilrr kr.rl.s for Soil Cmrtruct: rt Scmario jbr die 
~vpusirre  of Ihrrinns 10 soil in u Rtsidt-nrrnl Serrinr: - 
Scriman ( 19x9) uwd the e3timatc from Rocla ct 9 (1980). 
0. I59 g. and thc pvsragc surfkc ;W;L ol'ihc hand of an 1 1 
year old. 307 cm- IO csrirnaic thc mount of soil adhcring 
pcr unit area of4m IO hc 0.9 mg/crn2. This.;rwimcd that 
;rpproxtimatclv 60 pmcnt 1x5 cm:) of thc 1e;d on the 
hand% wa.s wsuvcrc-d by rhc mcthorf crnploycd by R o d s  GI' 
31. i I Y W .  

Scdman ( I W Y )  used cstimsics from L c p w  et 31. 
t 1975). Ruck c't ; : I .  (IYSO,, and Quc Wccct 111. (I!") to 
Jcvclop ;i msirnum soil load that cnold oyiron the skin. 
A roundcd Luirhrnaic mean of03  m&m- war calcolntcd 
tron: iticsc itircc %tudics. Axording io Scdmin (198% 
th i s  W I ~  ncir thc maximum load or' sod r h r  could mcur 
o n  rlic skin hut if is  unlikcly that most $kin surfl iu~s would 
hc covcrcd with ilik ;iinciunt o f a i l  (Scdman, 19SU), 

Ym,q et 01. rlYh'Y) - h i  vitro m d  hi vivo 
Percimtimif.v Al!.sorpiitm of' Ben:o[u fpyrcnc jrom 
Pcrrrhtrri Crirrlr - Fr,rr$icd Soil irt tfrc Hur - Ymg et 31. 
( 19W) cv;rlustcd the pcrcurancoua absorption of 
bcnm[alpyrcnc (BXP) in pctrolcum crudc oil sorbed on 
Mil wing s n1odih.i i n  vim1 tcchniquc. This rncthod was 
mcJ in prcliminnry cxpcrimcnts to detcninc thc 
minimum amount of' soil adhering to thc skin of rats, 
B w d  c-n thcw rcsults, percumcous ab-rption 
cayrirncnh with tlrc crude-surbrd soil wcrc conducted 
with soil prmidcs of e150 r m  only, This pmiclc size 
w;is intcndcd to rcprewnr thc composition o f  chc soil 
dhcring io tlic skin surt'acc. Approximately 9 rngcrn: of 
soil bas  kund to hc Ihc minimum amount rcquircd for LI 

"monolaycr" covc~tyc of tlic skin surface in both io & 
and in vivo cxprrimcnts. This vduc is larger than rcpom 
for human &in in thc studies of Kiwiel ct 31.. 19963,b: 
Lcpow cc ai.. 197s; Rocls CI 31.. 1980: i n J  QUC Hcc a 31.. 

th;it rcpL)rtCd by Que NW Ct ill. (19x5). 

fiposure Facton* Hwidbook Page 
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Indoor Kids So. 1 s 0.0073 0." 0.M3;I 0.012 

Indoor Kids So. 2 6 0.014 t " I 4 1  0.003 1 0.001) 1 
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AppenrCiX 6A 

,Scndroy and Cccchini (19.54) propmccl ;I hmphial mhid w k b y  wrl icc sfo cwld tu miad from a di;lb’;nm 
relating height and wcighl IO hurfacc x u  Howcvcr. t h q  do not givc 3n explicit d c l  for calculating wrikc area. 
gnph w u  dcvclopcd m p i r i d l y  b ~ w d  on 252 c a m  f t f o f  which werc from the 401 direct ri%%wrhmcnt- rrfh.rrtbd b,y 
Boyd (1935). In thc other 13 thc u r f x c  uca was estimated wing thc Iincx mcthocl off)UMi\ and DuIk+. 
(1916). Bccaux thc Scndroy and Cccchini mclhnd is ~mphiciil, i t  is inherently leu precisc and less xcurdc than the 
formulae of othcr authors dicuawd above. 
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30 t -3.73 (0. I$), 3, = 0.G t 7 (O.OSS}, 1 0.5 17 (0.022) 

(Eqn. 6A-7) 

or in l o p t b m i c  fom: 

In SA = -3.73 c 0.417 In H 0517 In W (an.  6A-8) 

?2OucarsaldI 30 o.oisds O . . S M H  0.46336 

The & ~rasestirnwl using thc pmnctcr valucs for JI ages wetc compwd to surfacc m s  csrimrcd 
by the d u e s  for a& agc bmup for subjccts JL the 3rd. 501h. and 97th percentiles of wcighc md hcipht. Seuly a11 
diffmnca in YLlrfaCc area esumatcli \vue lcsv &an 0.0: qum mctcr. and the largest diffcrcncc was 0.03 m‘ for an 
I I i - - ~ - d d  3t. t !  97th pcrcendlc ’he authorj. concludd that thcrc is no ~dvlmmgc in using scpmte vcrlucs of q p  ol, 
and J. by  ab^ intcrvd. 

Erposxue Fmors Handbook Page 
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tlppendirc 6A 

Gchan and George (1970) propxed anothcr !+ct of constant.\ far hc DuS3oih and DuBois modcl. The constants 
wcrc bwcd on o total of 401 direct mcimurcments of w f a c c  arw hcight md wcight of all pcntnatal \ u h j m  listed in 
Boyd (1935). T h e  methods used to mcawrc thcx rubjcch were coating (163 an), surface inrebmtion (222 wws), 
nnd triqulotion (1 6 we\). 

Gehan and Gcorgc ( 1970) used a Icat-qurc!, mcthod to Identify the value, of thc conmnk  The values a l  
the cons1;LnLs choscn arc those that minimire the sum of-thc sqcqu;ucd pcrccntap erroh of thc prcdiacd d u e s  of surfxc 
m a .  This approach vas u . d  trCau,w thc import;mcc oron crror of 0.1 quare mctcrdqmds on [he w f x c  a m  of the 
individual. Gchan and Gorge (1970) uud h c  401 okrvntions summarj;.rd in Boyd ( 1935) in thc lew-qwa mcrhod, 
Thc following catimrrtcs of the conhunu wcrc ohhincd: ;b = 0.0350, P) 3 0.42246, and ;k * 0 5  1455. Hence. their 
equation for predicting surfacc weir (SA) ia: 

SA = o.or5o IP.42H W ~ t ~ ~ h  [Fqn. 6A-3) 

or in logarithmic form: 

In SA= -3.750K0 + 0,52256 In H + 05 IS56 In W 

whcrc: 

(Ezjn. 6A4)  

SA = 
H J height in ccntirncwh: and 
w = wight in kg. 

This prcdictian cxptains morc than 99 prccnt of thc vxktions in wrf- ;LIW m n g  thc 4 1  indindwla m ~ u t r e d  

surfacc m a  in q w c  mctm; 

(Cchn and Ccorgc, 1970). 

Thc equation prol>oscd by G c h n  ;Iml Gorge 11970) w11\ dctcrrninai by thc US. €PI\ (19~5) a\ tk hchaice 
for estimating rota1 body aurfxc ma. Howmcr. thc paper by Gchan d George gave insufficient infomution to 
cstimnte thc \t;lnd;ud crror about the rcpmaion. Thcreforc, thc 401 dirca me;~\urcmcnu of childrcn an3 adults (A. 
Boyd, 1935) w m  rc3rwlyr.d in US, EPA (19H5) using the formula of Duhoi\ a d  Duboh ( I9161 and Lht Soti4cal 
F'rocwsing Systcm (Sps) sofhvarc pacbgc to obtain the swnciyd mor. 

Thc D u b o i s d  Dubois (1916) formuk u- wtight and height ;LI incicpcdmt vxiahlcrs ro prdict tool body 
surf;rcc ami (SA). and a n  bc witrcn a\: 

or in logarithmic form: 

In (SA), F In %+a, In H, -32: In W,+ In e, i q n .  6A-6) 

whcrc 

I 



Sn = 
H zx height in ccntimcrers: and 
W = wcighciniy  

wrf'acc m a  in ! q u a t  mcten: 

TIC vJlucsoF~ (O.OOtl~).a, (0.722, and 32 (0.4'3 wcrc estimated from P samplc of only ninc individuals 
farwhom daccarrza W;U-diTrCtJy mwwd. Soyd (1935) surcd hat the D u b i s  formula WL! considcrcd a rcwnnbly 
;Iccqu~~subs&c fornmsuringsdaxarca. S o m o p n u  for dctcrmining surfxc m a  from hcight and mass prcxntcd 
in Volume I of rhc Gdgy S5cntitic Tablo (1981) arc b u d  on thc DuBois and DuBois formula In addition. a 
cornpuraizcc! litcnnuE d conducrtci for this rcpn identified s c v d  aniclcs writtcn in the last 10 ycm in which 
the OuBob -urd W o i s  f m u h  a s  uscd to e s t j m ~ ~  M y  ?~w!'~cc xcz 

Boyd (1935)dtvclopcd new CWIYSP~LS for the D&is an3 DuBois model bas& on 231 d i m t  mcsurcmcnIs 
of body SUrtjrrvta f m d  in thc litcrarurt 'The dm werc limited to m u m n t s  of suf f3cr  a m  by coating mlhods 
(I~ca;cs).Yurf;re i n w o n  ( 9 3 ~ s ~ ~ ) .  md CrijnbukUion (16 ufcl). The subjccn w c f ~  C 3 u a h n s  of n o m 1  my 
build fntwhorn &on wight, height and age (except foreact age of addo) wcrc complctc. Resulting values for the 
c o m t r  in the D W s  md DuBois m&l werc ;b = 0.017Y7, P, = 0.500. and + = 0.48138. Boyd dlyo dcvclopcd a 
formula tmcd cxclusivcly on wight which was inferior to Ihe DuBois and DuBois formula bad on height and weight 

Aupf1997 6A-3 
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bll  mnhs . . . . . 17? 8.8 1.2 6 6  
I )cars . . . . . . . . 356 10.8 1.4 8.8 
1 ) ~ s  . . . . . . .. 336 13.0 1.5 10.8 
3~rars . . . . . . + .  X6 14.9 2.1 11.7 
J p r s  . . . . . . . . 3% 17.0 2.4 13.? 
J j m s  . . . . . . .. 22 19.6 3.3 i5 .3  
b}tars .... ,... 135 22.1 4.0 17.0 
7)rrrs . . ...... 157 24.7 5.0 19.2 
8)rars ... .. . . . 123 27.9 5.7 21.4 
9)rarr . . . . . . . . 119 31.9 8.4 22.9 
I 0 ) w s  ... .. ... 136 36.1 8.0 25.7 
11 )cars.. . . . .. . 140 41.8 10.9 29.8 
1 2 ) ~ s . .  . . . . . . 147 46.4 10.1 32.3 
13)rars ........ 162 50.9 lJ.8 315.4 
IJ )ca fs .  ....... 178 9 . 8  11.1 40.3 
1 5 ) C 1 1 S . .  . f . .  . . 14s 5S.I 9.8 41.0 
16jc~rs .. . . . . . . I 7 0  58.1 10.1 41.1 
1 7 ) r m . .  . . . . * .  134 59.6 11.4 4I.S 
I8)rars.. . .. . . . IM 59.0 11.1 45.3 
19)rrrr. * .  . .. * .  13s ca.2 11.0 JS.5 

7.3 7.5 7.9 8.9 9.4 10.1 
9.1 9.4 9.9 10.7 11.7 12.4 

11.2 11.6 11.0 j1.7 I 3  8 14.5 
12.3 12.9 13.4 14,7 16.1 17.0 
13.3 14.5 15.1 16.7 18.4 19.3 
16.1 16.7 17.2 19.0 21.2 22.8 
17.8 18.6 19.3 21.3 23.8 26.6 
19.5 19.8 21.4 23.8 Z?.l 28.7 
22.3 21.3 24.4 27.5 30.2 3l.J 
25.0 25.8 27.0 29.7 13.6 39.3 
27.5 29.0 31.0 34.5 39.5 41 2 
30.3 31.3 JJ.9 40.3 45.8 51.0 
35.0 36.7 39.1 45.4 9 . 6  580 
39.0 $3.3 41.1 43.0 55.2 10.9 
41.8 43.7 47.4 5J.1 CD.3 6S.7 
45.1 Jb5 48.1 SJ.3 S9.6 62.2 
47.3 48.9 51-3 53.6 62.3 622.9 
JS.9 50.5 S2.2 S . 4  63.4 63.4 
43.5 50.8 52.8 56.4 6J.O M.0 
49.7 51.7 53.9 51.1 61.4 70.7 

10.4 10.9 
12.7 13.4 
14.9 15.9 
17.4 18.4 
20. z 21.1 
24.7 2b 6 
28.9 29.6 
30. J 34 .o 
33.2 365 
13.3 48.4 
43 a 49.6 
366 (0.0 
(0.5 64.3 
46.4 76.3 
67.6 15.2 
65.S 76.6 
7J. 3 76.8 
71.6 81.8 
70. I 78 0 
74.8 76. I 
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&!I ntr3 
8.71 )cars .. . . . 5,916 
l8.2i )cats , . . . . . . !Xi3 
!S31 ) e m  . . . . . 1,061 
15-44 >rare . . . . . , .715 
15-54 )tars . , , . , . . VXJ 
iS tit )tars . . . . . 1,217 
iJ-71 )cars ,. . . . I,lm 

tnirt 
18.74 ) t a n  . , . . . 5.143 
18.21 )cats . . . . . .816 
LS.34 )CAI% . . . . . 1 .301 
)S -44 ) c u i  . . . . . . - 6 5 3  
1S.54 ) ~ U I  . . , . .617 
S361)crrr ... . . 1,086 
65.71 )cars . . . . . l.QI5 

- 

18.24 ~ C ~ I S  
23-31 )tars 

. . . . . . . 121 . . . . . . . 139 
3 5 4  ) e m  . . . . . . . 70 
15-54 )tars . . , . , , . 62 
5SH w a n  . . . . . . . I 2 9  

7 8 1  115 
728 12.7 
7s 7 13.7 
a9 13.4 
Bo9 136 
718  128 
718 I 2  8 

7 8 5  t 3  I 
712  1 2 8  
790 13.1 
8t . i  I 2  8 
SI 0 11.4 

75.4 1 2 1  
789 i 2 . i  

77.9 IS 2 
722 120 
7 8 2  163 
823  15.1 
82.1 I4 5 
18b 14.7 

58 6 
36% 
59 5 
59.7 
so8 
J9.9 
51.1 

51 3 
568 
59.9 
62.3 
62 0 
a5 
5 5 s  

53 0 

J8.7 
i: * 

sa 3 

sa 

61.3 6t.9 tS.7 76.9 85 6 
u3.1 61.9 G I 8  710 8 0 3  
61.9 61 4 693 71.1 %I6 
6J.l 67,7 72.1 73.9 88 1 
64 2 67.2 71.7 790 89.1 

5 8 5  61 2 M I  7 1 2  82.7 
638 tb: m 2  ’11.7 S J ~  

62 8 6 3 5  & I 4  77.3 656  
m.5 620 630 72.1 806 
63.7 45.9 # 8  7 8 0  63 6 
(66 63s 72.9 M ) I  882 
cb.l 61.3 71.9 79.0 89.4 
b # 5  C66 106 7 8 2  856 
39.5 62 I 670  71.7 8 3 0  

61.1 63 6 b72 73.3 65.4 
# 9  623 61.9 708 77.1 
61.1 619 684  75.3 81 4 
61.7 65 2 69.7 83.1 91 8 
44.7 67.0 7 3 2  81 8 930 
61.4 61.3 680 77.0 b65 

91.3 
83.1 
91 .I 
94 8 
94.5 
935 
87.9 

91.4 
s5.5 
91.3 
91.6 
91 2 
90.1 
87.9 

92.9 
SI .a 
906 

103 4 
100.0 
93 8 

95.7 102.7 
m.4 99.5 
9s.t 101.7 
43% 101.3 
99.5 1053 
94.7 101 3 
91 2 956 

933 101 3 
910 1030 
95 3 102.7 
39.7 101 I 
cWO 101.5 
91.1 101.7 
91 2 960 

9s 3 105.4 
83.7 93.6 
9 2 2  1063 
101 2 * 
102.5 I 
986 101.7 

65-74 i t u s  . . . . . . . 128 73.3 iS.3 51.5 56.7 530 61.0 71.2 81.1 40% 97.3 105.1 



that IS y c m  old. Howcvcr. this study d m  providc bosly 
weight data for infanu lesr than 6 months old, 

NCHS lIYX7) - Anrhropomrtric Rrfwtncc Datu 
and Prrvulencr of Olvtnvixhr,  t'nitcd Sfurrs, IYitS-XO - 
Statistics an  :inthropomctric rnc3uurcmcnt\. including 
body wcighk for thc U S .  population wcre collcc~cd hg 
NCHS through thc second Sationsl Health and Sumtion 
Examination Suwcy fi%AXES 11). WASES 11 wa\ 
conducted on 3 nationwide probability sample of 
approximately 3,000 pcwns, aged 6 months tn  7.1 ycm. 
from thc cjvjlian, non-inhtiturionali~cd ppultltian af thc 
United Sutc.;. Of thc 2Kw,oo0 pmons. 20,322 wcrc 
inrervicwcd and cumincd .  rcaulting in a rc \pnx  ntc of 
73. I pcrcent. Thc survey b c p n  in February 1976 an4 mr 
complctcd in Fcbnrrrry 19d0, Thc u m p l c  was d c c t c d  sa 
thi t  ccttrrin bubgroups thought lo k at high risk of 
malnutrition (pchom wilh low income\, prcqhoal  
childrcn, and thc cldorly) werc ovch;lmplcd. Thc 
cstimatcs Wcrc wcighkd (0 rcfftct national population 
catirnntcs. Thc weighting w ~ \  accompli4wd by inflating 
cxnmination rchulth for cach wbjcct hy thc reciprocal of 
sclccrion prohahititics adjuhtcd to account li)r thow who 
wcrc not cmnincd.  and p u h t  stratifying hy mcc. age. and 
sex (SCI-IS, 19x7 I, 

The SHILYE!! JI  collcc~cd sendard M y  
mc;L5urcmcnth of  wmplc subjects, including hcisht and 
weight, that WRC madc at various timm of rhc Jay 2nd in 
diffcrcnt =awn\  of thc ycar, This tcchniquc was uwd 
hecaur anc'a weight may vary hctwocn wintcr and 
summcr and may fluctuarc with r c c c n q  of t i~d and watcr 
intakc and othcr daily sctivitin (Sc3.IS. I W r .  Mean 
body wcighks of adulb, by ayc. and rhcir htlrnclard 
dcviationa are prcsnrcd in  Tablc 7-2 for rncn, womcn, 
and both x x c s  combincd. >!can htdy wcighh and 
standard dcvirrtions for childrcn, sgcs b monih\ to IY 
y m ,  arc prwntcd in Trrblc 7-3 for hoya girh, and hoys 
and girls combincd. Pcrccntilc dihrrihutions o f t h c  k d y  
wights of adult.\ hy apc and TJCC for malts arc prcwnicit 
in Tablc 74, and for fcmb in Thlc 7-5. Data tiv 
children by agc arc prcscntcd in Tahle 7-6 l i ir  m a b ,  ;ind 
for f c m l c h  in Tahlc t-7. 

Rcsulh chown in Tablcs7-1 and 7-5 indicsic that 
the mcm weight for adult mlc\ is  7s. I kg and for adult 
fcmlcs, 65.2 kg. lr aha show!, that thc m a n  w i g h t  fhr 
White malo (7X.S kgj is pcatcr than [or B l x L  malts 
(77.9 kg1. Additionally, m a n  woighn arc Frwicr fur 
Black fcrmrlcs (71 .?I kg) than for Whirc fimln ((15.H big\. 
From Tahlc 7-3, the man hdy weight.\ Ibr girls mJ hop 
arc approximately thc Mmc from ages 6 months to 15 

y c m .  Starting ;IC y c n  15-19, the dit'fcrmce in m u n  
hod? weight n n g n  from 6 to 1 1 kg. 
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Age in Months 

Figurc 7-1. Weight by Age Pmcntjlcs for Boy Agcd Birth46 !Months 
Saurcc: Harnill cr al., 1979. 
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Ccntcr for HaIth Smcistics (NCHS) Task Force that 
includcd academic inucstiptorj ;Ind rcprcsenativcs from 
CDC Sumtion Swcillancc Program xlcctcd, collated. 
intcgmcd. and dcfincd appmptiatc dxa scls to gcncmte 
p w l h  cuwa for rhc age interval: birth to 36 mvnlks 
dcvcloped (-11 ct a!.. 1973). Thc pcrccntilc CUNCS 
wcrc for ascuing thc physical growth of childrcn in the 
US. Tky are bwcf on accumtc mwurcmcnts m d c  on 
large nati0n;llIy rrprcscnotive wnplcs of children 
(Hmil l  et d, 1979). Smoolhcd pcrccntilc CUI-VC!, were 
dcrivcd for body wcight by agc (Hmitl ct al.. 1979). 
Curvcr wcrc Jcvclopcd for boys and for girls. Thc data 
used to construct the cum= wcn: provided by the Fcls 
Rcscuch Institurc, Ycllow Springs, Ohio. Thcr dah 
wcrc from an ongoing lonyitdinal study whcm 
mthromopcmc dam from direct mcxsurcmcnk 321: 
collccrcd regululy from participants (-1.OOO) in various 
mas of Ihc US. The SCHS used'advmced statistical 
and computtr technology to gencnrc the growrh curvcs. 
Table 7-1 prcscno the pcrccnlila of wciyht by scx and 
q c .  Fipm 7-1 and 7-2 prcxnt wcight by agc 
p c m n t i l o  for bcyi and for girls agcd birch to 36 months, 
rcspcctiwiy. Limioriom of this study arc that man body 
weight vilucs wcrc not rcportcd and thc data arc mom 
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h XJFmTME 
Thc lmyh of an individual's life is an important 

f m r m  consicCr w h  cvdruting Q~~EK risk h u s c  the 
dose aZimtc is; avcngcd o v a  an individrwl's lifdmc. 
Si= thc zvm& rime is found in the dcnominstor of 
the dosc quation. a B o n a  lifctime would rcsult in 5 

highhapountizl risk&&and convenely, ;L longer life 
cxpxcmq wuld pmduccrr1owcpatcnti;ll riskcWimatc. 

w, ~ s , T L p Y o N L m E  
Sntisticjl dm on life expcctmcy arc published 

annually by the US. D c p m c n t  ofCommc!rce in thc 
publidon: "Sndsticd Mstl3Ef of UIC United States.* 
The latest y w  tor which smtisticc arc available is 1993. 
i\vaihblc data on life cxpcctulcics for vyious 
subpopulations boni in the yc;irs t970 10 1993 arc 
presented in Tablc 8-1. Data for 1993 *ow that the life 
CXpeffanby for an avmgc pcwn born in rhc United 
States in 1993 is 7S5 yews (US. Burrau of the Census 
1995). The table shows that rht ovci3JI life cxpcctancy 
has a v m g d  approximtcfy 75 ycm since 1982. The 
wcmyc lift expectancy formalts in 1993 was 72-1 ycvsl 
and 78.3 yeys for fm lcs .  The dm consistently show an 
approximtr 7 ycm. diffcrcncc in life expectancy for 
mles &ad i;mlcs from t 970 IO p m c n t  Table 8-1 also 
indicates that life apcct3ncy Ibr white mlcs (73.0 ycm) 
is consistcntly longcr than for Black mal6  (65.7 yearn). 
Mditiodly. it indicates that lift cxpccmncy for Whitc 
females (795 ycm) is longcr than for Black fcmrrlm 
(73.7). sdiffmtncc ofdmoa6 years. Tzblc 8-2 pnxnrs 
data tbr expectation of' life far pcrsons who wcrc at 3 
specitif agc in ycar 1990. T ~ L -  data arc avnihblc by 
abp  p & r .  and race ;md m y  be useful fur deriving 
exposure wtimmes bawd on thc agc of ;L *pecific 
subpopukuon. Thc dam $how that cxpectation 01' life is 
lonpr  for fcmaJc?i and for Whitcs. 

S.2 RECOBLMEXDATIOKS 
Current data suggest hat  7s y a m  would be an 

thc p n d  population and is the rccommcnded value. If 
gcnder is a factor considered in rhc assessment nore hat 
the avenge life cxpccmncy vduc for fcmles is highcr 
than for mlcs. It is rccommcndcd that thc % ! w r  ux 
the approprim value of7X yevs for mdcs or 78.9 ycm 
for fcmlcs. If mc is 3 considcntion in assessing 
cxposrvc for mnlc individuals. noic that the lifc 
cxpcctancy is about 8 ycm longcr for Whitcs than for 
Blacks. It is rccommcndcd that thc ;u;scssor ux thc 
values of 73 y c m  and 64.7 y c m  for %'hi& mlcs and 
Black malcs. respcctivcly. Tablc 8-3 prcsnts thc 
confidcncc n t i n g  for life expectancy rceommcndations. 

This rccommendcd vduc is dilfcrcnt than the 70 
ycm commonly assumed for thc pncnl population in 
EPA risk zwcwncnu;. As.scssors iuc cncounpd to usc 
value which most ~ c u n t c l y  rcflcct thc exposcd 
population. When using vatucs other than 70 ycrrrs, 
howcvcr, thc ~sscssors should considcr if Ihc dose 
cstimtc will bc uscd 10 cstimatc risk by combining with 
a d-rcsponsc relationship which WLS dcrivcd.al;suming 
;I lifctimc of f0  ycm. If such an inconsistcncy cxists. thc 
assessor should adjust thc doserceponsc relationship by 
multiplying by (lifctim&O), Tbc Intcbrrtcd Risk 
Information System (IRIS) docs not uw a 70 ycar lifclime 
;Issumption in t!c dcrivation oiRfCs and RIDS. but docs 
mkc this i~s!~umption in thc dcrivation of' somc canccr 
s l o p  factors or unit risks. 

Pppmprilu vduc 10 nrflcct Ihc a v c n p  tifc orpccmcy of 

8.3. REFEIWXCES FOR CHAPTER 8 

US. Burcau of the Census. (1995) Statistical tlbstl"JCLs of 
thc Unitcd Statcs. 

Erposure Factors Handbook Page 
August 1997 8-1 

" I  



n 



Sational Ccntcr for Hcalth Smcistics (SCHS) (1987) 
Anthropomcvic rct'crcncc data and prcvalcncc of 
overweight, United Swcti, 1976-80. D ~ u  from the 
K a t i o d  Xcihh and Kutrition Examination S U W C ~ .  
Serics I: I. Xo. 238. HpmviIIc. MD: U.S. 
Depmcnt oTHcdB and Human Scrvicca Public 
H d t h  Scrvicc. Natiod Ccnur for Health 
Smtidc.i DHHSPublication SO, (PHS) 87-1688. 

Misadc. (1992) @Risk Users Guide. h l h d c  
Corpontion. Xcwficld. SY. 

U.S. EPA (1989) Risk wcsmcm guidance for 
Superfund. Volumc f: Human hcrrlth cvduation 
manual. Washington, Dc: US. Environmcnnl 
h t c c t i o n  Agcncy. Office of Emcrycncy and 
Remcdiil Rcsponx. EpAIW:-891002. 

Vcmr. Inc (199 1) Analysis of the impact of cxposurc 
assumptions on risk ;Lwssmcnt of c b c m i d s  in thc 
cnvironmcnt phasc 11: uncert3inty mdy%cs of 
existing cxposurc iusxwmcnt mcthodr. Draft 
Repon Prcpycd for Exposure Asscssmcnt Task 
Croup, Chcmid ,Vmuf;rcturcrs Association. 
Washington, DC 



Volume I = Genera! Factom 

Chapter 7 - Bbdv Wei,qhr Studies 

AfHC - Erporurc Factors Sourcrhtd - The 
Exposurc Factofi Sourcebook (nrHC. 1994) provida 
similar body weight dau prcxntcd hcrc. Consistent 
with this document an avmge d u l l  M y  wcipht of  72 kg 
is rccommcndcd on the b;L& of thc SHtWXS I1 data 
OlCHS, 19x7). Thew dam arc alw uwd to dcrivc 
probsbiliry distriburions for adult\ and childrcn. In 
addition. thc Sourccbook prcxna probability 
distributions derived by Bninard and Burma\tcr f 1992). 
Vcn;rr !IWI) ;vld Brorby and Finley (1993). For a h  
dismburion. thc @Risk fomuln is provldcd for direct u x  
in rhc @Risk simulation sofwuc (Palia!c. 1W92). The 
organimion of this dmxncnt. mkfi it vcry convcnicnt 
to u*c in suppn of Mon:c Cy10 4pih ThC reviews of 
the supporting studies arc vcry bricf with little anal.ysis of 
heir S t f q $ ’ I S  and wc;Lkllmcs. The Sourcebook has bctn 
cllsliificd ;LI a rclcvant nthm than Ley study bcwuu it is 
not the pnmry  wurcc for the data uwd to makc 
recommendations in this documcnt. The Sourccbook is 
vcry similar IO this documcnt in thc sene &I ir 
wm&m e x p m  fxtor data and rccommcnd+ v d u c c  
As such. it is clcxly rclevmt ;LF an d1crrr;ltivc information 
some on bcdy weights a!! well s orher c x p u t e  factors. 

72. REcoxfx1E?n~TIoss 
Thc kcy sfudics dcxrikd in his wction w s  uscd 

in selecting rccommcndcd vducs  for body weight. The 
gcncnl dcsription of bath the kcy and rclcvvant Mia 
arc liummruized in Table 7- IO. Thc mommendations for 
Wy weight arc summarized in Tahtc 7-1 1. Table 7-12 
prcscnu the confidcncc atink% for body weight 
rccomrnendationh. The m a n  body wcighr. for all adule 
(male and f d c  all agc group) comhincd is 71.8 kg 3s 
shown in Table 7.2 Thc mwn value+ for w c h  i3bT group 
in Tablc 7-2 were dcrivcd hy adding thc M y  wcighb for 
men and womcn and dividing by 2 If age and w s  
distribution of h c  e x p o 4  population is horn.  the mean 
body wight valum in Table 7-2 can bc uud. If pxmtilc 
data are needed or if race is a factor. Table 7 4  and 7.5 
wn bc used IO d c c t  the appropriatc 0313 for p~centile,  
or m3n values. 

For infant\ ( h i d  to 6 months). appropriate v d u o  
for body weight my he dcctcd from Table 7-1. These 
d m  (pcrccntile only1 are prcuntcd for maIc and f d c  
in fane. 

For children. appropriate man value+ for wcjgJm 
my bc elected from Table 7-3. If percentile dues sft 
ncedcd. ttmc data are prcvntcd in Tahlc 7-6 for d c  
children and in Tablc 7-7 for f m l c  childrm. 

Body wight is a function of age. gender. and race 
and populations of many gcogmphic rcgom m y  vyy 
from the g m I  population x-7-s geogmphic regions. 
Thetciorc. the uwr should m k e  apptopnare djwmmm 
whcn a p ~ l ~ n ~ ~ ~ n t i l ~ t ~ o ~ h ~ ~ h l ~ ~ ~ o n ~  

7hc man tccommcndcd d u c  fordulb (‘71 .Y kg) 
ia different th;m thc 70 lig commonly murncd in EPA rid 
a!!*Sment. A\%CYan ;tfc cncwrrrgd to u r  v;rllm 
which most x m t c l y  rcflcct the cxpord population, 
When using value* orher t h n  70 kg. howem. the 
;L!-UYI‘S W d  consider if thc dosc d m ~ e  will k rntd 
to &mmc risk by cnmbining with a do-e -mpn= 
rclatiomhipwhich wa~denvcda\sumnnga k+Uright of 
70 kg. If w h  an incorni<cncy cxia thc ny?c.io~ d-tould 
adjust the d o w - m p n s  rclarionshipsdc&bcd in k 
appcndix to h p r n  1. ?hc Inrcptcd Rid Infomutian 
S p t m  (IRLS) docs not u .  a 70 Z;g body k g h r  
awmption in k daivatron oi R I G  and Rlm bur doe. 
mkc this xsmption in the derivation of MSCT ?Jqx 
facroh and unit risk< 



fum~lcs and 3379 malts 6 months to 20 years of agc in 
thc US. (Burmzwr ct 31.. 1994). Thc NHX\X.S U dam 
had k c n  sratisticatly adjustcd for non-rcsponsc and 
probability of sclcction. and stntificd by age. SCX. and 
mcc to rcrTcct thc cntirc US. popohtion prior io reporting 
(Burmxitcr et 35.. 1994). Bumstcr  ct al. (1994) 
conducrcd cxplontory and quantimrivc dam molyscs, and' 
!it normal and lognormal disuibutions.to pcrccntilcs of 
body wcight for chi1dh.n. Cumulative distribution 
functions (CDFs) wcrc ploncd for fcmalc and malc body 
weights on bath linear and logaflihmic .%;llcs. 

Two models wcn: uscd to uses thc probability 
density functions (PDFi) of children's body wcight 
Lincu and quadratic rcpssion lincs wcft fittcd to thc 
data. A number of goodncsssf4t w u r c s  wcrc 
conductcd on d m  gcncntcd by the two modcls. 
Bumccrcrd. ( I  994) found that log10m1 diskbutions 
givc suong !its. to thc body wciphLs of childEn. ages 6 
months IO 20 ycm. Sotistics 'for thc lognorml 
probability plols. arc prcwntcct in Tables 7-8 and 7-9. 
Thc.sc dab can bc uscd for furthcr andyscs of body 
wcight dis*bution (k, application of Monte Carlo 
3n;llysis). 
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