United States - Office of Solid Waste and '1952 S288.7-081

SEPA Supplemental Guidance to

RAGS: Calculating the
Con_centration Term

Office of Emergency and Remedial Resporse ‘ . Intemizent Builetin
Hazardous Site Evamtion Division, 0S-230 Volume 1 Number 1

nemmmmammmmwwmm&mnmmmmq
Aa(CERCLA)Bmpmmhumhalmﬂdmemm«mmndpowmhlmpmw
uncontrolied releases of hazardous substanees. To help meet this mandate, the U.S. Environmentzi Protection
Ageacy’s (EPA’s) Office of Emergency and Remedial Response has deveioped 2 human heaith risk assessmeat
Process as pan of fts remedial response program.  This process is descrided in Risk Assexsmaont Guidance for
Superfund:  Volme | — Human Health Evaiuation Marmal (RAGS/HHEM). Part A of RAGS/HHEM
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from hazardous substance releases at Superfund sites.
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managers (RPMs), risk assessors, statisticians, and other personnel. “This bulletin presents the general intake
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points, and, lastly, identifies where to get additional heip.

THE CONCENTRATION TERM For Superfand  assessments, the
- concearration term (C) in the inrake equation is
How is the concentration term nsed? an estimate of the arithmetic average conceutration
for 2 wnaminaat based on a set of site sampling
RAGS/HHEM Part A presenss the results. Because of the uncertaintv associated with
Superfund risk assessment process in four "steps™: ¢stimating the Wue average concentration ar a site,
(1) data collecrion and evaluation; (2) exposure the 95 percent upper confidence Kot (UCL) of
assassment: (3) ;my assessment, and (4) sk e arithmetic mean shouid be used foi s
ization. The concentration term is vanable. The 95 pexcent UCL provides reasonab
caicuiated for use in the exposare assessment stcp. confideace that the @ue site average will ot be
Superfund uses for calculating exposure, and
mtsmtathaxmcwncmmﬁonm(qsom Why use an xverage vaiue for the conccntration
Of several parameters necded 1o estimare term?
conraminagt intake for an individual
An cstgpate of average concentrauon is used
because: :

squcdbawmcsa.mmwmxmorswﬁm Theoe bulletns acrve as supplements o
Rin':m&a'damfur.fupeﬁnd Yobone [ — Human Heatth Evaluation Mowal The mformmtion prescuted is intended as
gudance to EPA and other govermment cxployera. It does oot conarityte rulemaking by the Agency, and may oot Se reficd 0 (o
i::lmWOth‘mmbbbynyMM The Gowernmex mxy wke aciog tiat is 81 vanaace with
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*  Highligi '
GENERAL EQUATION FOR ESTIMATING EXPOSURE

1

TO A SITE CONTAMINANT
7o CRXEFD 1
BW AT
where:
1 = intake (Le, the quantitative measure of exposure in RAGS/HHEM)

C = contaminant concentraton
CR = contact (intake) rate
EFD = exposure frequency and duradon
BW = body weight
AT = averaging time

1) carcinogenic and chronic noncarcinogenic
toxicity criteris® are based on lifetime
average exposwres; and

) average concentratior is most
represeantative of the conceatration that
would be conracted at a site over time.

For example, if you assume that an cxposed
individual moves randomly aczoss an exposure
area, then the spatially averaged soil concentration
@n be used 10 estimate the wue average
coucentration copracted over time. In tus
example, the average concentration contacted over
time would equal the spaually averaged
conceguration over the exposure area.  While an
wmdividual may nor acrmally exhibit 2 truly random
pattern of movement acToss an exposure arez, the
assumption of equal time speat in different pars
of the area is a simpie but reasonable approach

When shouid an aversge concentration be used?

The rwo tvpes of exposure esumares now
being required for Superfund risk assessments, 2
reasonable maxinum exposure (RME) and an
average, should both use an average concentration.
To be protective, the overail esumate of intake
(see Highlight 1) used 2s a basis for action art

! Whex acute toxicity is of most coucern, a long-
tem 3verage concentration generaily should not be
used for risk assessment purposes. as the focus
shouid be to esumare short-tetm. peak
copceatrations.

Superfund sites should be an estimate in the high
ead of the intake/dose distribution. One high-cad
option ¥ the RME used in the Superfund
program. The RME, which is defined as the
highest exposure that could reasonably be expected
to occur for 2 givea exposure pathway at 2 site, is
mteaded to account for both unceruainty in the
conuamifanmt concentation and vatiabdity iz

Assexsors, February 26, 1992) states that an gverage
estimate of exposure aiso shouid be presented in
risk assessmeats. For decision-making purposes in
the Superfnnd program, however, RME is used 10
estimate risk 2

Why use an estimate of the arithmetic mean
rather than the geometric mean?

The choice of the arithmetic mean
copcemiration as the appropriate measure for
esumating exposure derives from the need to
estmate an individuel’s loag-term average
exposure. Most Ageacy health criteria are based
on the long-term average daily dose, which is
sunply the sum of all daily doses divided by the
total aummber of days in the averaging period. This
is the defmition of an arithmezc mean. The

2 For additional information on RME, ses
RAGS/HHEM Part A and the Nationat Oil aad
Hazardous Substances Pollution Contingeacy Plan
(NCP), 55 Federal Register 8710, March 8, 1990.



arithmetic meag is appropriate regardless of the
pattern of daily exposures over ume or the type of
statisticai distribution that might best describe the
Sampling data. The geomerric mean of a ser of
sampling results, however, bears go logical
connection to ‘the cumularive intake that would
result from lomg-term comtact with  site
conmaminznts, aud it may differ appreciably from —
and be much lower than — the arithmetic mean.
Although the geomewic mean is a conveaient
paramcter for describing ceatral tepdemcies of
lognormal disuibutions, it is not an appropriate
basis for estimating the concentration term used in
Superfund exposure assessments  The following
simple example may help clarify the difference
between the arithmetic aud geomerric mean when
used for an exposure assessmear:

Assume the daily exposure for a trespasser
subject to random exposare at a site is 1.0,
0.01, L0, 0.01, L0, 001, 1O, and 0.0L
unns/day over ag 8-day period. Given
these vaiues, the cumulative exposare is
simply their summation, or 4.04 units.
Dividing this by 8 days of exposure results
inanzxithme:icmunofOJOSuni!s/dzy.
This is the value we wouild want © we in
a risk assessment for this individual, not
the geomewic mean of 0.1 wnmits/day.
Viewed another way, muitiplication of the
geomeuic mean by the number of days
equals 0.8 mnits, consideradly lower than
the known comulatve exposure of 4.04
units.

UCL AS AN ESTIMATE OF THE
AVERAGE CONCENTRATION

What is 2 95 percent UCL?

The 95 percent UCL of 2 mean is defined’

as a value that, whes calcuiated repeatedly for
randomly drawn subsets of site data, equals or
&xCeeds the true mean 95 percemt of the time.
Although the 95 percent UCL of the mean
provides a copservative estimate of the avezage (or
wean) cogeentration, it should mot be confused
with 2 95 perezntile of site concentration daw (as

shown in Highlight 2).
Why use the UCL as the sverage conceutration?
Statisticat confidence timirs are the classical

tool for addressing uncertainties of a distribution
average. The 95 perceat UCL of the arithmetic

mean concralidton is wsed as the average
concenmration becquse it is not possible to know
the oue mean. The 95 percent UCL therefore
accounts for tocenainties due to limited sampiing
data at Superfund sites. As sampling data become
less limited at a2 site, uncertainries decrease, the
UCL moves closer to the true mean, and exposure
evaluations using either the mezn or the UCL
produce similar resuits. This concept is illustrated
in Highlight 2.

Should a vaiue other than the 95 percent UCL be
used for the coucentration?

A value other than the 95 percear UCL
Gn be used provided the risk assessor can
document that Righ coverage of the wue
population mean ocours (ie., the value equals or
cuceeds e wue population mean with high
probability). For exposure areas with limited
amounts of data or extreme variability in measured
or modeied dara, the UCL can be greater than the
highest measured or modeied concenrtration. In
these cases, if additionai dara cannot practicably be
obtained, the highest measured or modeled value
could be used as the coacentration term. Note,
howeve?, that the true mean still mav be higher
than this maximuont vaiue (ie, the 95 percear UCL
indicates 3 higher mean is possible), especially if
the most contaminated portion of the site has not
been sampied.

CALCULATING THE UCL

How many sampies are necessary to calcniate the
9§ pereent UCL?

Sampiing data from Superfund sites have
showa that data sets with fewer than 10 samples
peT exposure area provide poor estimates of the
wean coneenrration (Le., there is 3 large difference
between the sampis mean and the 95 percen:
UCL), while data sets with 10 to 20 samples per
€xposure arez provide somewhat detter esumates
of the mean, and data sews with 20 to 30 sampies
provide fairly consistent estimates of the mean
(Le, the 95 percent UCL is close to the sample
mean). Remewmber that, in gegeral. the UCL
approaches the true mear as more sampies are
inciuded in the caleaiation.

Stouid the data be transformed?

EPA’s experieace shows that most large or
‘compiete® eaviroumeatai coatamigant data sets
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Highlight 2 -
COMPARISON OF UCL AND 95 PERCENTILE

Observalions
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As sample size increases, the UCL of the mean moves closer to the true meay, while the 95
percentile of the distribution remains at the upper cad of the distribmtion.

from soil sampling are lognormally distributed
rather than nommaily disttibated (see Highlights 3
and 4 for dlustrations of lognormal and sormal
disuibutions). In most cases, it is reasonable
10 assume that Superfund soil sampiing dawa are
lognormaily distribured. Because transformadon is
3 pecessary step in calculating the UCL of the
arithmetic meaa for 2 lognormal distribution, the
data should be transformed by using the natural
logarithm function (Le., calculate kn(x), whete X is
the value from the data setr). However, in cases
wheze there is 2 question about the distribution of
the darz set, a statistical test shouid be wsed t0
daz set The W.test (Gilbert 1987) 5 oane
statstical method that can be used 10 determine if
3 data set is consistent with a normal or lognormal
distibution. In all cases, it is vatuabie to plot the
data © betrer understand the contaminant
distribution at the site.

How do you cicniate the UCL for 2 lognormal
distribution? *

_ To icutate the 95 perceat UCL of the
anthmetic mean for a iognormally distribured daa

set, first wansform the darxa using the natural
logarithm function as discussed previously (ie.,
aiculate In(x)). After wansforming the dara,
determine the 95 percent UCL {or the dam set by
compieting the following four steps:

(1) Calculate - the arithmetc mean of the
transformed data (which is also the log of
the geomeuic mean);

@) Caicuiate the standard deviation of the

transformed datz;

) Determine the H-statistic (e.g., see Gilbert
1987); and

(4)  Caicuiate the UCL using the equaton
shown in Highlight S.

How do you caicnimte the UCL for 3 pormal
distribution?

If 2 suatistical test supports the assumplion
that the daws set is normaily distributed, calculate
the 95 perceat UCL by compicting <he following
four steps:




' Highlight 3
EXAMPLE OF A LOGNORMAL DISTRIBUTION
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Highlight 4
EXAMPLE OF A NORMAL DISTRIBUTION
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Highlight
CALCULATING THE UCL OF THE ARITHMETIC MEAN
FOR A LOGNORMAL DISTRIBUTION

UCL = &-035" ~sBV/=D

5

where:
UCL =  upper confidence limit
e = cogstant (base of the natural log, equal to 2.713)
X = mean of the tragsformed data
LI = standard deviation of the transformed data
H = H-statistic (e.g, from table published in Gilbent 1987)
o = number of samples :
Highlight 6
CALCULATING THE UCL OF THE ARITEMETIC MEAN FOR A NORMAL DISTRIBUTION
UCL=x+t(s/yn)
whete: -
UCL = upper coafidence Limiy
x = mean of the uniransiormed dat
s = standard deviation of the untransformed daa
t = Student-t staustc (e.g, from table published in Gilberr 1987)
a = aumber of sampies

¢)) Calculate the arithmetic mean of the
untransformed date;

@A) Qlcu!ztg the sandard deviaton of the
nntrznsfotmedm

(3) Determine the one-tailed t-statistic (=g,
see Gilbert 1987); and

(%) Calculate the UCL using the equation
presented in Highlight 6.

Use caution whea applying morma! distribution
Qlculations if there is 2 possibility tbat heavily
conramunated portions of the site have not besu
adequately sampied. In such cases, 2 UCL from

-acrmal distribution clculations could fall below

the tTue mean, even if a limited data set at a site
appears normally distributed.

EXAMPLES

The examples shown in Eighitghts 7 and 8
address the exposure scepario wiere an jndividual
at 3 Sepexfund site has equal opporwumity t©
conut soil in any secror of the contanimated acea
over time. Even though the examples address oaly
soil exposures, the UCL approach is applicable w
all exposure pathways. Guidance and exampies for
other exposmre pathways will be presented in
forthcoming dufletins,

Highlight 7 presents a simpie data set and
provides a stepwise demonstratiog of transforming
the dara — assuming 2 lognormal distibudon —
and aiculanng the UCL. Higblight 8 uses the
same data set to show the difference betweea the
UCLs that wouid result from assuming rormal and
lognormal disgibution of the dam. These



Highlight 7
EXAMPLE OF DATA TRANSFORMATION AND CALCULATION OF UCL
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conceatration for chromivm in soil at 2 Superfund site. This example is applicable ogly w a
Scenario in which a spatiallv random ttern is assumed. The concentrations of chromium
Ob&ined&ommdoms:mpﬁnginsbﬂatthissixe(inmykg)m10.13,20,36,41,59,67, 110, 110, -
136, 140, 160, 200, 230, and 1300. Using these data, the following steps are taken to calculate 2
coucentration term for the intake equation:

(1) Piot the data and inspect the graph. (You may need the help of a statistician for this part
[aswellasotherpam]ofthealcnhtionof.theUCL) The plot (not shown, but similar to

Wasmasmwmmwm&entﬁmabmmdMimﬁom

4] Transfom:hedznbynkingthemmzlbgotmevatua(ie,dcmmimh(x)). For this
data set, the transformed values are: 230, 2.56, 3.00, 3.58, 3.71, 4.08, 4.20, 4.70, 4.70, 491,
494,508 530, 544, and 7.17. -

. () Apply the UCL equation in Highlight §, where:

2k

.163 (based on 95 percent) -

8w oM
Ny N
o

The resulting 95 perceat UCL of the arithmetic mean is thus fowad to equal *A%), 67502 mekg -

| Highlight 8
COMPARING UCLS OF THE ARITHMETIC MFAN ASSUMING DIFFERENT DISTRIBUTIONS

mmmmmmumw7mwmdmmmwmmemem
the UCL msmﬁmmmwmwuyappmmmm
set (Le., if, in this erample, a normal distribution is assumed).
ASSUMED DISTRIBUTION: Normal Logunormal _
TEST STATISTIC: Student H-statistic

95 PERCENT UCL (mg/kg): 325 502




examples demonstrate the importance of using the
corrext assumptions.

WHERE CAN | GET MORE HELP?

Addiyonal information on Superfund’s
policy and approach 1w aiculating the
mnccnuauonmandmguposumsat
waszesusmbeobumedm.

® US. EPA mmam

Jor-Supafund: Volurne I — FHuman

. Health Evaluation Manual (Part A),
EPA/540/1-89/002, December 1989.

® US EPA, Guidance for Data
Useabilily in Risk Assesment,
EPA/540/G-90/008 (OSWER
Directive 9285.7-05), October 1990.

Uscﬁusunsualgmdancembcfoundmw,'

~ standard textbooks, inctuding:

e  Gibett, RO., Statistical Methods for
Envi | Poltution Monizoring,
Van Nostrand Reinhold, New York,
New York, 1987.

Questions or comments concerning the
concentration term <an be directed to:

e  Toxics Integration Branch
Office of Emergency and Remedial

Response
401 M Sueet SW

Washington, DC 20460
Phoaer 202-260-9486

EPA suff an obtain additional copies of this
bulletin by calling EPA’s Ceater for Environmental
Research Information at FTS 684-7562 (513-569-
7652). Others am obmin copies by contacting
NTIS at 300-3364700 (703-487-4650 in the
Washingron, DC area).
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