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Supplemental Guidance to 
RAGS: Calculating the 
Concentration Term 

THE CONCENTRATION TERM 

Hm b the concmmdon term tua3? 

RXGS- Pan A Grcseno the 
Superfud risk assessment p"xrrr m four 'steps': 
(1) dau c3Uecrion and CVaiuarWn: (2) ~ U r c  
assessmacr; (3) teaq a s c s m e n c  and (4) risk 
charanerbuon The conanmuon Urm is 
a b l a t e d  for w in the "pas= awersmcx step. 
HigUight 1 -IS the general quation 
Superfud uses for dcUia@ V U r C ,  and 
illuutrara tcst rhc mnccnmtion term (c) is one 
of seseral parameters needed to estimate 
c o n r a e 3 n t  inukc for an individual 

For Superfund assusmenu, the 
- coneatmion term (C) in the inrake -!ion is 
an arimate of the arirbmetic average conanmuon 
for a anraminant M on a set of site sampiing 
nsuln pu use of the unctnainw assodated with 
atimatinn the t n e  averape amannation at a site, 
tbe9sDcTce nt uuocr m a d c n a  h i t  fUCL-1 of 
the arithmetic mean should be used for this 
Mriable The 95 peFccnr UCL pmvida rc?sonable 
confidence that the vut site average will not be 
underutimattd 

An estimate of average mnctnuation is usal 
k w :  



CRxEFD 1:  I = C x  X- 
BW AT 

where: 

I 
C = contaminant amanvation 
CR = cDnrac1 (intake) rate 
EFD = exposure tnquenq and duration 
BW = body weight 
AT = averagingrime 

= intake (ir, the quanu=& measure of erposurc in RAGSl'HHE?X) 

(1) carcinogenic and chronic noncarcinogenic 
toxiciry criteria' are b a s a l  on liferime 
average cxposura; and 

(2) average concentration is most 
representative of the concentration that 
would be conraacd at a site over timc 

For wmple ,  if you asamc that an arpored 
indhidual mwc5 randomly a m  an cxposurt 
area then the spatially averaged soil c o n a n t d o n  
can be used to estimate the tne average 
mncentration contacted w e r  time In this 
example, the average mncentration contancd over 
time would equal the spattalty averaged 
conc=xtration Over b e  crposure a r a  While an 
indbidual may not acfuxlly exhibit a Imly random 
pattern of movement a u w s  an q o s u r e  areq the 
assumption of qual time spent in different pans 
of the a r u  is a simple but reasonable approach 

Wlen should an arangt wonctntradoo be used? 

The two typer of exposure estimates now 
being rquirtd for Superfund risk &mean, a 
rusonable maximum clposurc 0 and an 
avenge, should w an average mnantration 
To be p r o t u r k  the overall a t h a t e o f  intake 
(w FTiPfrilPht 1) used as a bash for aaion at 

U-nen acute toxicity is of most amttm, a long- 
t e n  average ccnccntnrion gcncrally should not be 
used for risk assessment purposes. as the focus 

con c t t :i 1 io N. 
should be to a t h a t e  ShOn-tcm, p k  

Superfund sita should be an atimate in the high 
end of the'inrakt/dore distribution. One &@+ad 
option. is the RME used in the Superfund 
program. 'Ihc RME. which b defined as the 
bighat qosurc tbat could reasonably be apcued 
10 OQ=PZ for a given cxposurc pathway at a sitc, is 
intended to account for both mceruinty in the 
~nnminmt conentration and variability in 
oposure pvuneten (cg., expo~ure frcqucncy, 
avuaging time). For comparative purposa, 
Agency guidana (US. EPA Guidpnrr on Rirk 
C h a r a c r d n  f i r  Risk Managm and Rirk 
Assasm, Febntary 26,lBZ) states thar an average 
estimate of a p u r e  also should be praented in 
risk aucssmcnu. For deision-making purpoxs in 
the Superfund progxarx~ however. R .  is used to 
atimate risk3 

The choice of the arithmetic mcan 
conccnuation as the appropriate mwurc for 
estimating cxposure de- from the need to 
estimate an individual's long-term average 
cxpo5urr- Most Agency health criteria are basd  
on the long-term average &iIy dme, which is 
simpty the sum of all daq dmts divided by the 
tocal n u m k r  of d a ~  in thc averaging per id  7l.h 
is !he definition of an arithmetic m a n .  'The 



arithmetic m a n  is appropriate regadas  of the 
pattern of da* apura over rime or the typc of 
statisriul distribution that might bat d a i e  the 
sampling data The gearnetric mean O f  a set of 
sampling results, hoatnrer, bean no logid 
connection to thc'atzndativt brake that would 
result from long-term eontam with site 
conraminants, and it may differ appraiably from - 
and be much lowcr than - the arithmetic man. 
Although the geomczric mcan is a mnvtnicnt 
parameter for dcscnbing anual tendcnda of 
lognormal distributions, it is not an appropriate 
basis for a b a t i n g  the mnunmtion term used in 
Superfund exposure assessments. The following 
simple example may help cianfy the Merenct 
bemeen the arithmetic and geomcvic m a  when 
used for an exposure auasmurr  

&ume the daity e x p u r e  for a ucspaucr 
subject to random ccposurc at a site is LO, 
0.01, 1.0, 0.01, 1.0, 0.01, 1.0. and 0.01 

.unirs/day over an &day period. Given 
thcse ~ l u a ,  the cumulative cxpontrc is 
simply their summation, or 4.04 unim 
Dividing this by 8 days of exposure rr~ulrs 
in an arithmetic mean of 0-505 Uaia/dry. 
This is the saluc wc would w n t  to w in 
a risk assusment for this individual, not 
the geomevic mean of 0.1 Uniu/dty. 
Vicad another way, multiplication of the 
geometric mean by the number of drys 
equals 0.8 units, considerably lower than 
the known cumulative crpasure of 4.04 
UniU. 

UCL AS AN ESTIMATE OF THE 
AVERAGE CONCENTRATION 

What Ls a 95 pemnt UCL? 

The 95 percent UCL of a m a n  is d c h e d  
as a \slue that, when alcuiata! repcatally for 
randomly drawn subseu of site daw equals or 
exceeds the m mcln 95 perunt of the timc 
Although the 9S pcrant  U U  of the mean 
provides a comerrathx atima1c of the average (or 
mean) mnczntration. i t  should not be confused 
with a 95* perantile of site wnctctr;iuon data (as 
shoaa ,ic Biphjipht 2 ) .  

m y  use the UCL A the avccigt concenrration? 

mean conantration is used as the average 
conwatration begwe it is not p i b l e  to b o w  
the vue mean The 95 perttzt UCL therefore 
aaounts for unanaintia due to limited sampling 
data at Supexfund sira. As sampling data k m m c  
less limit& at a rirt, uaccnaintia dax- the 
UCL mOve dastr 10 the vue mean. md a p ~ ~ u r e  
M u t i o m  using either the mean or the UCL 
produce similnr rr~uits. This conctpt is illmuat& 
inHighUght2 

Shorrld a n ine  0th- thrn the 95 prarrt UCL k 
used for the eoacmrxdoa? 

A Wau other than the 95 p e m t  UCL 
BII be used prwided the *k assasor 811 
document thar high aovcragc of the me 
population m e a  ocnu~ (Le, the vaiue qulir or 
aa&s the me population m a n  with high 
probability). For cxposurc a r a  with limited 
amounts of data or a m n c  rnriabitiry in measured 
or modeled daw the UCL can be grater &an the 
highat measured or modeled amenmuoz in 
thee BSCS, if additional data taxmot oraaicabk be 
obtained, the highat measured or modeled v;riue 

m a d  k used as the coneenmuon urm Now 
howcvcr, that the  true m a n  still mav be higher 
than this m-um ~ l u e  (LG the 95 pcrant UCL 
indicata a higher mean is puible), apeaaliy if 
the most mnmminated @on of the site has not 
been sampled 

CALCULATING W E  UCL ' 

Sampling data from Superfund rita have 
shmm U t  data set0 with fcwer than 10 samples 
per ezposure aru Provide poor atimata of the 
mean mnanuation (ic, there is a large differena 
between the sample mean and the 95 percent 
UCL), while data KU with 10 to 20 samples per 
exposure a m  p e d e  sommvhat better estimata 
of the m u n ,  and data sets with 20 to 30 sampla 
pmvide fairky mnsktent a t i m a t u  of the m u n  
(ic, the 95 perc=nt UCL is dose to the Sample 
m a n ) .  Remember thaL in p e d .  the UCL 
a p p r o a d a  the m e  m a n  as more sample are 
includd in t t c  olculation. 

Should t h e  data be ha+formed? 
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from soil sunpiing arc lognormally dismbutcd 
rather rhan normally dbmbutcd (sa -tr 3 
and 4 for illuuariom of l o p o d  and normal 
disuibuuom). In mQIt CLICS. it b rtvonablt 
to assume that Superfund sail urnpiing data an 
lognormaUy dismbutcb Beclw nuufonnttion is 
a n w  step in datlating the UCL of the 
arithmeuc mean for a lognormal djsmbution, the 
data should k mnsformcd by us$g the n a t d  
logarithm fundon (ie. dculite h(x), where x is 
the d u e  from the &!a set). m, in case 
where :there is a quation about the distribution of 
the data sees a sutisUerl t a t  should be d to 
idenufy the b a t  dimbutfond luumpuon for the 
data KL The W-tat (GiIkrr is one 
sutistid method t h t  an be used tD determine if 
a data set is mnrittcnt with a n o d  or lognormal 
disuibuuon. In all ~ f 4  it is valuable to plot the 
data to better undmtand the cantaminant 
disuibuuon at the sire 

(1) Caicuiau.the rrithmetic m a n  of the 

the geomeuic mean); 
~ f 0 r m d  &a (which it also the iog of 

(4) . cllarfau tht u a  pring the equation 
shown in HlgUgh! 5. 



i 

. .  

www 4 
EXAMPLE OF A NORMAL DEAUBUnON 
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v u  = upper wntldena h i t  
X I 

s = sandard deviation of the unuzmformcd dttr 
t I 

n II number of samples 

mean of the u n ~ f o r m e d  data 

Student-1 sudstk (cg, from ubl t  published in GUbm l987) 

- 

(1) Calculate the arfthmetit m a  of the 
untramformed d a w  L 

(2) Calculate the standard deviation of the 
untramfunned daw 

(3) Determine tht om-tatitd tartathtic (e&, 
~t Gilbut 1987); and 

(4) Caladate the U a  using the equation 
presented in ESghQht d 

Use autioa when applying normal dismbuuon 
calcdatioru if there 9 a possibility that h c n i l y  
c o n t a n h t d  ponioxu of the site have not k n  
8dequa:dy s a p f e d .  Lc such cases,a U a h m  
noma1 distribution calmlariom a u l d  fall below 
the  trx ncaa, even il a M t c d  d a u  sel at a site 
ap;>c3;s x m a l l y  ddtdbuted 

'Ihc =rapla show in HIgWghts 7 and 8 
addrt~s &e apsurr Snario whut an fndbidual 
at a Superfund rite has qual oppomniry to 
mntaa soil in any saxor of the ~ntaxnhiatOd aru 
over a c  E m  -ugh the cxampia address only 
soil aptxuru,  the Ub. approach is rppliable to 
dl crporurc pathwryr Guidance and cnmpla for . 
other apc%urr pathways ulll be presented in 
fonhcoming bullelins. 

Highlight 7 pracna a simple dau ret and 
pmvida a stepwise demonstration of transforming 
the dau - auuming a lognormal distribution - 
and calculating the U m  HlgWght 8 us= the 
same dau set to $haw the di8e:cnte ber?recn.rhe 
L'& that wuld rudt from luuming normal and 
lognormal disuibutlon of the &ta Rest 



HLohlbht 7 
-LE OF DATA TRLYSFORHATION AND CUCIKAl lON OF U U  

(1) Plot the data and inspea the p p b  (You may need the help of a statishdan for this pan 
[as wcu as other pam] of the dadation of the UCL) The piot (not s m  bm similar IO 
HigUght 3) shows a skew to the nghs cu&sxent with a lognormal dirtnbution. 

(2) Transform the data by taking the nanval log of the values (Lr, determine in(x)). For this 
data set, the Ua!lsfOrmtd MlW arc m, 36, 3-00. 338,3.71, 4.08,4.20, 4.70, 4.70, 4.91, 
4.94,5.08,53,5.44, and 7.17. 

(3) Apply the UCL quation in HlgUlgbt 5, w h e  

z - 4 3 8  
s = l.25 
H = 3.163 (bared on 95 perant) 
n = 15 

The resulting 95 percent UCL of the arithmetic mean is rhus found to quai e(621q, or 502 mgfkg. 
P 

E w w t  8 
COMPXRING UCIS OF THE v c  MEAN ASSUMING D-XT DI~IRIBUTIONS 

In this enmpic, the data presented in fllPhlbht 7 are used to demonstrate the differena in 
the UCL tbat is s a n  ii the normal distnbuuon approach were inappropriately applied to this data 
set (i.c, if. in canpie ,  a normal disuiburion is assumed). 

ASSUMED DI!ZRIBUnON: Normal Lognormal 

Student-1 H-statistic 

95 PERCZYT UCL (mg/k3): . I  3 t s  SO2 
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Qaustiont or comments concerning the 
amuamLbtanlaIlkdiraKdur: 




