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The ~m:~Dd•uottbe ~Emironm.eznaJ.Respouse. ~aDd Liability 
Ar:t (CERa..A.) is 10 prote:tlnzmlzl Jaeahh ucl me eU\'itW f%om c:matt ad potcmial threats posccl by 
unconuoncd re1e:1scs o!lw:udoaS ~ To bdp meet tbis mandate, the U.S. Envitoamc.utal Proteaiou 
Agency's {EPA's) omc:c ot~ ud R.cmcciial Response b:ls dc:n:lopcd a hmua bealtll risk assessment 
process as pm at its remedial &CJPOBSe program. 1bis pmc:::s ~ dc:saibed ill Rislc~ ~ ftJr 
Superfund: V~ 1 - l1mr&tm HuJ/4 Ewah,.,Y. ~ (RAGSJHHEM). hrt A ot RAGSJHHEM 
addresses tbe biSetiDc risk 3S'JC!SUIC'Dt, om4 describes a pcrai approach !or e:aima• in! exposcue to iD.dividUals 
from UzardoliS ~ releases at Super lund sitd. · 

11lis balkU:D c:plaias the ama::DIDZioD t1:m1 in the ~ eqaadoa ro reaz«fi:al projea 
m.auagas (RPMs). risk asY"SVllSt patjsriciaos, ud odw peaozmel. -This bullc:tin praenu tbe pem make 
equation as presemcd in RAG51HHEM Pat A. disamcs basK: coaa::pts ama:nripl me ~ tcmL 
describes gac:ral!y 1aow 10 c:alc:DJ:ue tbe ICODICCDlDtiou t.ezm., preseu15 c;;rmplcs to ii11zszme sevazl imporunt 
points. and. lastly, idcDt:ifics wb~ to get additional hefp.. 

THE CONCENTRAnON TERM 

RAGSIHHEM Part A p~tS the 
Superfund risk ;mcssmemt proa::u in four •steps•: 
(1) c1ata rolleaioo. aD4 ~ (2) c:xposwe 
a,sscSSIDCUl: (3) taQcity as¥5SIIwut; and (4) risk 
~a. 'Ibe OOACeuta:tioll term is 
cala1Wcd for me ill tbe tipORIIC 3WiSIM'Dt Rep. 
8ipllpt 1 presents tbe pe:t31 eqaadal 
Supcmmd tJ3eS for all'Jilarinl c:posure. aDd 
illustratc:s tlw. tbc c:cua:nmuaa. term (q is o:ae 
of ~ patameten nel:lded to cstim2te 
contaminant intake form. indMd1111. 

For Superfancl usessmenu. the 
- a;,nc::enuatiO!l tc:m (q iD the iiuake equation is 

an estimate oftbe arirbmcricavenge concentration 
tor a a:mt;mJiDant base4 oa. a $Ct of site ~Wig 
rcsulu. Because of the ancznainty moci;au:d with 
estimating t1Je ll!C ;m:rue cnuczntgtion ar a si'% 
tbe 9S pqccDt 11PP5 cngfidc:Da: '"'Ttr (!JC&) o( 

the viVnasir JllSID sbogld be gscd p- tJm 
~ria.blc. nc 95 pu t:111• ua.. provides re::uoaabte 
am~ that the tn1e sire ~ will DOt be 
~cd. 

W1ly Q$C an awexace Yalue t'or tbe c:oa~ 
term? 

An c:stim2tc of avet::l!e rona:nrration is used 
!:>ea. usc: 

Supp~ ~ ro lUGS ia a ~ -=c» QQ riM _ _... o! Supc:tmxl lli\CS. 'Thea:~~ u ~lc::cms 10 

?.i;ic~ ~ p-s~ v~ t-a- Hm~~~~ e~ .4tfiZIVIIIL 1b£ iz~CormatiOII ~ ia iD.I.alde4 .u 
~ 10 fl" A an4 otbc:' ~IIIUCill ~ ll dam 1ICll ~ l"'ric=mtiq b)r IJ)e ~. u4 may - IX: rOaf oG 10 

CXQte • S>~~ or pruasll&iid. ricin eatora:.blo: br Ul'l oUlc: pc:aaL !be ~::t12lc::l1 f121 ta11c ~ rlw ia at YUUDO: wit!! 
theM bodlctia. 
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Hiplipnl 
GENERAL EQUATION' FOR. ESTIMATING EXPosURE 

TO A SITE CO.Nl:AMl:NAl'IT 

l=Cx CRxEFD x_.!_ 
BW AT 

I = iDt:akc (i.e.. the quant.ilaave measure of exposure iD RAGSIHHEM) 
C = a>otamjam am~ · 
CR a CX>Aw:t (intak) rate 
EFD :IE aposwc frc:qu.c:uey and duration 
BW = body weigtu 
AT =~time 

(1) cmiDoJCDie m4 dlroJlk DOnarQDoJCUc 
toDdty aizt:da' are based on lifetime 
average cxpasuxe:5; aDd 

(2) avera~c concentration is most 
representative of me CX>m:=tratiou that 
would be cout:ae:tel at a me OYer time. 

For e:wnple, if ,ou a$SilQle that an aparsed 
individual II1Cm:5 r.mdomly K%OSS an exposarc 
ar~ then the spatially averap soil concentration 
can be use4 to esrimate lhc mre ~ 
couc:ennation CDUw:r.cd. over time. In this 
ocunple. the avenge conc=tratioa c:outaaed aver 
time would equ1 the spatia.lly ~ 
coaceutation ow:r the cxposwe area. Wbile 311 

individual may nat 3aaa1ly cd&il>it a truly rmdom 
p;mem of mcM:ment aaoss an exposwe area, the 
assumption of cqa1 time speat i1l cliffc1:D1 pans 
of ~ area iS a Simple bal reasoalblll approach. 

The twO types of expos11fe estizDi!H DOW 

being r~ CDr Supet:fcmd. risk mc:ssmezn:s. a 
re:asouablc ClllUii:DWII c:xpo$u:rc · (RME) aDd an 
ave~ shouLd both me an .m::rage c:oaceuumou. 
To be pmtcaive, the overall estimate of intake 
(see Higblfg!lt 1) used ~ a basis for aaion at 

4 Wb.e:1 acu~ toxidty is of most concern. a long­
t~ avenge concentration _ga1eraily shovJcluot be 
usec1 Cor risk assessment p~ as tbe focm 
sllonid be to esmnatc sbon-u::m. pc::a.k 
conc:e:nntions. 

SapedWICl sireS Shoald be au cstimale in tbe high 
ad ot tbe ildaklldose djstributioD. <>= hip~ 
opaoe is tbc RME usc:cl iD u.e Supa!ua4 
propua. 1be RME, which is defined 35 the 
hjpesl ccpusuxe thai cxntlcl taSOoably tie ezpeued. 
ro OCQir for a pa ~ parlnvay at a site. is 
iDCc:Ddcd 10 ac:aJIIDt for bod& unc:enaiDly in the 
Q)DQprilf.m c:oa.cenmtion ad variabilily m 
e:cposuxe pU1!!¥1ctS (~ apo5UC frcqvcncy, 
a+CI~ ~). For cnmparariYe parposc:s, 
Ataxy pidaDcc (U.S. EPA. GuitJizna on Ri1k 
~ for Risk ~ and Risk 
~. FdmwyZ6.199Z) states that anzveragc 
estimate of aposwe a.l!!o should be presented in 
riskassc$SU1e~u:s. For decision-making purposes in 
the Supc::rfluu! progr4IU. howa-er. RME is used to 
c:stimale risk. 2 

Wby Ide - •• ., .. e ol the aritftmedc maD 

radler dla tbe ~ie l:lldn'! 

The dlaia: ot tbe aritb!]1C'!ic mcaa 
c:ooceB1Ddoa as dae apptOpriate mf;::IIIAIIe for 
es• im"ill& e:xposwe de:riYes from the need to 
estima&e a mdividual's long-term .m:nge 
exposure. Most Age:J.cJ health criteria are based · 
on the loq-term average daily dose. wtlid:l. is 
sim:ply the sum of all daily doses divided by tlle 
tool numbcl' ot days in the aver.~ging pcrio<1. This 
is tbe dcftzrition of au arithmetic :ne:lll. The 

:z r-or additional ill,!OtlllatiOJl on R..'.iE. se: 
RAGSIHHEM Pm A and the National Oil ·and 
H2%ardous Substances Pollution Contingency Plan 
(NCP), SS FedrriJi ~u 8710, Mardl 8. 1990. 
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arithmetic me311 is appreprialc rc:prdless of the 
pattern of daily c:xpcAa:res mer time or dtc type of 
statistical c1istrulution that mipt bCSf dcsaibe the: 
sampling data.. The ~c mea of a set of 
sampling resu11:s, ~. bcus ao Jogic:::al 
C:Oillleaion to . tb.e c:umuJative mu.kc tbU would 
r~t trom Ioag·term coutaa with si~e 
coatamiDanrs, and fi m:ay differ appreciably trcm­
and be lUUCh lower than - the arithmetic mc:m. 
Although the geometric mean is a ~' 
parameter tor dc:saibillJ CCZlUil tc:Deku cia of 
lognormal <lfs1rib1ltiom. it is DOC au appropriate 
basis lot CStiJDatinJ the C:OUc:cDtmioa tcm ascd in 
Superfund ~e asscssmc:n~ 1be j)IlowinJ 
simple C31Z!ple may hdp dariCy the ~ 
between the aritllmdic mel geomeaic mea when 
used for u exposure as.scssmem: 

Assume the daily c:xposwe for a uespasser 
subject to random cxposwe a1 a site is LO. 
0.01. J.O. 0.0}. LO. 0.01. LO, ad 0.01 
uuils/day O¥er au 8-<by period.. Gift= 
these qjacs, the al:lll1llative ~ is 
sUD.ply their M'"'Prioa.. or 4..04 mDts.. 
Dividing t.lzis by 8 days ot czposue raul~~ 
in an arith.metic: mean of O..SOS ~· 
This ~ the va11lc we waUl want 10 usc in 
a risk assessment for this iDdiridaa1. llOt 
the g~ mcau ot o.1 liJiils/d3y. 
Viewed uothcr '">'• muJ.tiplicatioc of the 
geoiUCtric mcaa by ~ uiiiDbc% of days 
eqaab Q.8 -emits.. CX'nsideA~ lowC:f than 
the known auu~ cxpos11le of 4.04 
units.. 

UCl. AS AN ESTIMATE OF THE 
AVERAGE CONCENTRATION 

Wbat is • 95 pacem um 

lhe 9S pen:=~ ua. ol a maa is debed. 
as a val1le tbal, ,._ c:akalated rep e•laly for 
randomly dnwu sumets of site c!Ua.. equals or 
exceeds t.lle true mea 9S pc::t=t of me time. 
Although the 95 pexcent ua, of the mean 
provides a CO~l.Se!'Y3~ estimate of the~~ (or 
mean) concenrrauoa. it should not be moftlscd 
'With a 9SUl pc:rczntile of $ile CDDa:xluatioD dala (as 
sl:lowu in ffigbllgbt l). 

Statistical coufidcnc:c limitS ate the c::bssiC2l 
tool for addreuiDg UDc:enail:ltie$ of a cllsuilnttioa 
avera~e. The 95 perc=t ua.. ot the artmmetic 

.. 

mcau cona:ntr3tiou is nsec1 as the .Derage 
couo::nu:uioll because it is not possible to lmow 
the tt1le meaD. Tbe 9S· pm:cnt ua. therc!ore 
aa:omu:s Cor~ due to limited sampling 
data at Superftmd siteS. As sampling data bean:ue 
less l.imitcid. at a sire. ~ decrease. the 
ua. m~ ciosct to the true me:m. anel ~e 
evaluatious using either the z:ac:m or the UCI. 
proctaa; similar remits. This concept ~ ill'U$trated 
in Blpup.tl. 

S1lould a ftl• att.r tbaa tbe " pa-ceac UCL be 
used for dle ~ 

A value ot.be:r tbau the 95 pen::e:u UCL 
can be used provided tbe risk asMS&Or CIA 

docawcDl that hip coverage ot the true 

population mcaa ocaas (i.e.. the value cq1l&ls or 
~ the tne popa1atioD men with high 
probability). For exposare areas with limited 
amoau of dalll or eoarcme variability in measured 
or moddcd 4aQ, me ua. C2D. be gcarer tball the 
higllest IIICaS1IICd or JDOdc:fed concenratiou. In 
tbae czcs. if !ddirinp! data CilliDOt pqcticably be 
obt!ipe4. me JliPest measured or uwde!ed v.a1Qe 

c:oakl be used as me C'lliiCCitt:ation teaza. Note. 
J:ao-eva, t11at t11e true m~ Still 1D2V be bigber 
tbaD this mpimmp !Jlue (iL. the~ pcm!ll' ua. 
iJxtic;ares a hipcr mea is possible), espcci:1DY if 
die JDOSt wnumjnarect poni01l of the site has DOt 
been sampled. 

CALCULATING THE UCL 

Sow muay saarpic:s an: uu:essa:ry to c:alm!ate the 
95 petc:eut UCL'! 

Samptiq cbta from Superfund sites have 
~ tbat ctau sets wim fewer than 10 samples 
per cxpcswo area pto:rille poor esrim .. ot tile 
maa CCMc• •ma•ioa (i.e.. there is a larp dfatw 
betwoca tbe __,.. JDm~t lllCl tbc 9S paam 
UO..). vdr.De d.ttl sets 'With 10 to ZO samples per 
aposlll'e ana provide som~at better estimates 
o( tbe mea. and da!a selS with 20 tO 30 sample$ 
provide fairty cousi.neut estiDs3u:s of the llle::&l1 

(i.e.., the 9S percent ua. is dose to the sample 
mean). Remember that. in general. the Uct. 
:approacbc:s the true me::m as more samples are 
induded iD the calcuiatioa. 

EPA's ttpe:'ie:lee shaM th2t most large or 
"OJmplete" e::Mroume:nat coctamjaant dat.a setS 
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& Silllplc me .iDc:n:ases, me UCL ot the D~CD moves closer 10 the true maJl. while tlle ~ 
pe:centile of the clisttibutioll 1ewains at the appcr CJd of the distlibaliou. 

from soil samptiq ue loP'""'Dy disuibate4 
rather t.bm uomWly ~(see BJPHgbta 3 
and ~ for illusaatious of Jopaormal aDd DOnDal 
distributious). ID most cases. it is rcasouable 
to assnme that Supet!uud soil samptmg data are 
lopormally dislributed.. BecaliSe [faustc:mxlatioll is 
a nen"S$1ry step .in caJo!laziD' the ua. of the 
arithmetic meal~. for a Joporm&l d.isUibutioD. the 
data shov.ld be traDSformed by usiq the uatunl 
lopritlmt faDc:tioll (i.e.. calcalate tD(z), wue:e ,; is 
tlJe value from the dala set). ~. in c:asa 
wtacre there is a~ aboal talc clisuibmloll of 
tbe diQ sec. a s•••iPnl t.est sboald be 'ased 10 
iclemify tbc k:Kdisrri~Muioaal muaapQo& lor !.be 
daD set. 1'be W-fal (GUbar 1987} is oae 
Statinica1 metbOd tZw: em be 1ISCCI to da.crmiDc if 
a dam~ is oomis•eur with a llormal or .logDonDal 
diStribution. lJ1 aQ c:::1::5C$. iJ i.'s valuable 1D plot the 
daQ. to benet ~ the CODramj~~;ant 
distribution at tbA: site. 

How do you cd.cnlau: the UCL Cor a lop10nal 
disu'ibudoa? · 

To calculate the 95 pc:::a::ut tJO.. of the 
arithmetic mean for ~ lognormally distributed data 

SCI. filst tr.msrmm tbe data using the JW'IIlal 
lopritbm fimaioG. as disQmc:d prmously {Lc.. 
caln•bre ln(x)). . ~ m:mfolminJ the d.ar.t. 
~me 9S pen:=t UCL for the c:Wa set by 
compictir:ag the ~ four steps: 

(1) ~tc · the arithmetic meaD of the 
mmsfonaed d.aa. (wbich is also the log of 
the 1eometric me2n ); 

(2) Cak:Watc tbe StaDdald deviation of the 
uustormed daa; 

(J) De:femrine the H-.statisrlc (e.J.. see Gilbert 
I9S7); Dd 

(4) Calcu.late the ua. using the equation 
sJlOWD ·m HJ:cb.Ucbt s. 

S:ow do yoa catcd•«r the UCL for a oorms.l 
.u--.:...__._ ., ..... ~a. 

f1 a· sutistic:il test suppons rbe assUlllptioo. 
that tbe data set is normaUv distnbuted, calcwatc 
the 9S pera:::at ua. by comp1~g .ue following 
!out saps: 
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EXAMPLE OF A LOGN'OR.'\lAL DfSI'RlBunON 
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EXAMPLE OF A NORMAL DIS'l'lUBt1TION 
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Blzbllebt$ 
CAI.C'UL\llNG THE UCL OF 1'BE AJUIHMEilC MEAN' 

FOR A LOGNORMAL DISTJWSunON 

whe~ 

lJCL :2 upper c:oa.ti4cDGe limit 
e 
X 

= 
::c 

a:Justaut (base of the a.anuallcg. equal to 2. 718) 
mean of the ttu.s!oi"D::Cd daQ 

s ;a ~ deviation of the uus!ormed dala 
H 
n 

= 
= 

H-stuistiC: (e.J.. from table publis~ ia Gilbcn 1987) 
Jlu:mber of samples 

HJ&I'Mibt6 
CALCULATING T11E UO. OF THE ARI111MEI1C MEAN FOK A. NORMAL DIS'llUBtrllOM 

wtl.ete: 

UCI.. - upper coa4dence limit 
X "" mca1l 0! the =ua:wt'otmecl data 
s = Staed:atd deriatfon of the tll1lr.lDSfonne data 
t 

ll 

.. 
= 

StudQH SWisQc (e.J.. from table pab.lbiLccl in Gilbett 1987) 
number of samples 

(1) CaloU&tc the arithmetic mea of the 
IUI.U"amfocme=1 data; 

(2) Cal.c:Wate tbe staciaxd dcviatioJl of the 
untrus!oimcd c~aa; 

(3). Detc:rmbc tile ~Wled t~ (c.J., 
sec Gilbert 1981); and 

( 4} Ca{c:z!.atc the ua. usmc tbe equation 
presented in Hllblipr 6. 

U$e caution whe:1 applying aorm&l disuibution 
ca.tc:IJ.atiocs if tbc:-c is a possibility that hc::rvily 
contalnin.atecl portions of the site b.avc not bceu 
adequately sampled. In such Ci.Se$, a ua. from 

_ -normal distributiou c::alculatioas c:cu1<1 fall below 
the true :ne2n. even i! a limited data set at a site 
a~ norcaUy <futributed. 

1lM ""V!VpLc:s mown ill Hf&bltpu 7 aucll 
addras tbc apa~arc SCQario wtlC:C a11 ~ 
at a Scapatcb14 site bas equal oppornmity to 
COil18CZ SOil ill uy sccmc 0( the (X)zr'1 Ill i••MI'd area 
OWt time. &. tboup tiM a:am911A addras oal1 
soil~ uae ua.. approadl is app.lic:a.ble to 
all cposurc patllw3ys.. Guidance auc1 CDmples for 
othct cxposcue p.tllways will be presented iD 
rorthamzm' balleti:as. 

~ 1 presents a simple data .set an<1 
pfQ¥idcs a stepwise ctemollSmtion ot tnnstorming 
the cfatl- UTa~ZUDJ a lognormal c1istribQti01l­
&nd c:alrntarizll the: lJCL IlllhlJ&ht 8 uses me 
s.aa~c data set to show tile cliife:'::nce bctwe= the 
ua.s that would result from a.ssU!ting normal.an<i 
loguoncal cti:sait:miou of the: d.aa.. 111C$e 

. '\. 
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EXAMPLE OF DATA TRANSFORMATION AND CALc:tJ'I.ATION OF UCL 

'I'lm CD111p11C sbows the a!QdaUon of a 9S pera:nt UCL of the armuuetic IZJ.caJl 
conc:e:ntntion !or dlromi1zQl i:a. soil. at a Sapc:mmd site. This qampk: is apoliai)Je oqly to a 
scenario ip wflidl a smpnv ppdOm o;qoosure pansm is !SSJ1Jru?d. The CODa:Zlmtiom of chromium 
obtained from z:ag4om saaqtlial ill sOil at this sit.c (m llllfkg) are 10, 13, 20. 36. 41. 59. 67, 110. 110. · 
136. 140. 160. 200. 230. aDd 1300. UsinJ thaa data, me ~ mps are l2kltiP. to calculate a 
muc:exnmiou tenD for the make~ 

. (1) Plot the daQ aDd iDspca the papll. (You may llecd tbe help of a sumtic:ian for this part 
[as well as other pans] of the cablarioD of Ule UCL) The plot (not sbotnz. but similar to 
ffiCbllzht 3) shows a $Uw to the rigbl. COD:SisteAt with a logzlonaal distribution. 

(2) Transform the data by aking the IWIII2110g of tlae \IUacs (i.e.. dctennir2e ID(x)). For this 
data set. tbe trmsf.ormt4 Wacs an:: 2.30. 2..56. 3.00. 3.58. 3.11. 4.08, 4.2o. 4.70. 4.70. 4.91. 
4.94., 5.{)8, 5.30.. 5.44. aDd 7.17. 

i = 4.38 
s- L2S 
H ::oc 3.163 (based OD 95 pctccUt) 
n = 1S 

. .. 

The resulting 95 pacal[ ua.. ot t:he arithmetic man is thus toaac1 to equal ei6.21$). or·So:z m~ · 

BJcldllll11 
COMPARING UO.S OF THE ..\lumMEIIC MEAN A.SSVMJNG DIFFERENT DISTlUBtmONS 

lD this t*' •pie, tlle data prc::salal ill mr••pc. 1 u.: 1I:5Cd 10 deznonsuate t!le dif!eteac::e ill 
t!le ua. tbU is sea if tile 1DJIIal ~ apptoedl were blappropriatdy applied ro this dala 
set (i.e.. if, in tJbs c:ra!llple. a JIOI1IW distribution is assumed). 

.ASSUMED DlSIRIBunON: 

TEST STATISTIC: H-starutic 

95 PERCENT UCL (m~): 325 502 



t:cuDples dczaoDRmC the importa=:e of usmg the 
amea assumptiosts. 

WHERE CAN J GET MORE HELP? 

Additional in!ormatiml OD Supemm4'$ 
policy and ~ to aJcni2'«UUg tbe 
alD.~tion ~ ~ e:smnatDig c:::a:poswes at 
Y4Ste Sltes t3ll be obmiaecS fD: . 

• U.S. EPA. Risk..4srasmmt Guidcnt;e 
for·~ VDimu I -1/'1lmllll 

. HalrJ& E~ MRIIIIIIl {PIIIt A.). 
EP M4®-89,1)02, Decrmht.r 1989. 

• U.S. EPA. Guid4na jDI' /)tlt4 
UsubUitf in Risk . ~ 
EP A/540/G-90/008 ( OSWER 
Oirt:c:the 9'2&5.7~. Oc::obC:r 1990. 

. • U.S. EPA. ~GuiJIIna 
for ~·(Part.A. -BtzsdM Risk 
~) ~ GaiiJimal 
Slllnllmd E:rptmJn F~ OSWER 
Direaive 9285MB, M3y 1991. 

&EPA 
United~ 
E:Mronm.ntat Pt OCIKZIOD 
Av-cy (OW3G) 
w.-.ogr-. oc 3IIIMII 

Useful Sl3ristical pidma: em be !oand in many 
sandard texdlooks. i:nciud:ing: 

• Gii,bc:tt. R.O-. Sttrti.rrical MetluJds fm­
~ Polbmcn M~, 
Vu. NosrnJI.d Reinhold., New York, 
New York. 1987. 

Qacstious or mUIDlCDts mnc:et'lliDJ the 
c:oncc::ntr.ttion rerm em be dirc:a.ed to: 

• Tcuia .Ime~ Btudl 
Office of~ aDd Rcmc:dW 

Response 
401 M Street SW 
Vlas!DnpD. DC 20460 
~ 202-260-9486 

:EPA sa1f em obQm- addidozW copies o! this 
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