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Com~arinl Sites· 
to Background 

Unfortunately, no de facto method is available to 
compare site measurements to background measure
ments and to teSt if site concentrations for the COC are 
above background levels. Typically, the statements 
"site concentrations :are no different than background 
for a :;pedfic contaminant" or "reduce the concentration 
of the COC to background-levels" are easy to under
stand: we desire that the site has no more COC 

. contamination than already exists in background. How
ever, this is difficult to determine using quantitative 
statisticaJ methods, since one must decide the metric 
that will be used to compare the site and background 
concentrations. Different rnetrics assume different un
derlying hypotheses and pose different ·decision error 
criteria to meet data quality objectives (DQOs).1 

comparison of site measure-

ments to background levels 
. . 

of a contaminant of con-. . . 

cern(COC)oft~nisemploy.ed when 

backgrout_ld measurements for the 

COC exceed a risk-based standard. 

In a site inves_tigation and cleanup-

conducted under either RCRA or 

CERCLA, background dat~ should . . . . 

be used to_: reduce~ list of contami-

nantS of potential concern (COPC) 

to a shorter list -of COPCs in a 

remedia) investigation (Rl) or a 

baseline risk assessment; establish 

· remedial goals or cleanup levels; 

arid verify cleanup to _those levels. 

_:PaM1-
.... lillY 

To compare site concentrations to background con
centrations Jor a (Ontaminant, three conunon metrics 
are used and discussed in the literature: 

;- l.Conip:~•ing the maximum Observed COC concentra-
. tjon in the site to the maXimum obsetYed COC roncentration in background. 
2, Cqmparing_the mean COC concentration in the site to the mean COC 

. mnc~ntration in background 
3. Cqmparjng the site COC concentnilion dbtributioh with the background 
disiri~i.nion to look for a. shift (to the right) of the site distribution. 

This artide· will discuss the first metric; the latter two will be covered in 
part £Wo-of this article. Our disc.:ussion of-these m~riCJ f<JCU5es on the ability 
of ea<:h to keep decision error rates low, under the assumption that the site 
anct. back~und areas have simll;ar COC concentration distributions. 

,_,.IMDIMI 
Comparing the maximum site COPC concentraliqn measurement to the 

ITlaxiitlum contaminant concentration in the background data · set is a 
· coni$.on: pra<;Uce when reducing COPts to COC~ in a remedial investiga

tion for ·inclusion·~ a baseline risk assessment. In this setting the 
methOdology is: if one or more site COPC concentration measurement 
exceeds the ma"imum background measurement, then the COPC is 
considered a COC and must be canied through the risk assessmerit Of 
courSe, this approach adds unnea:ssary co~1 to the remediation effort if the 
COPe is actually at background levels. Also, this methodology has been 
used in some instances to determine whether a site has been remediated to 
background levels. Two key i5sues make this methodology unsuitable for 
remedial work. · 
1. If an equal number of samples are measured for the contaminant in both . 

·the site and background, and jf the site and background truly have the same · 
COC concentration distribution, then the probability is 0.5 (50%) thar ihe 
maxl~um me-..tsua-erilent occurs in either the site or background unit. Thus, 
the chance .is 50% that a COPC will be declared a COC. when in fact the site 
is actl.lal)y at background levels. 
2. If ':JnecJUal numbers of sample observations are measured in the site and 

· backgrou·nd, and If the site an~ background units have the same COC 
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concentration distribtltions, then the 
probability is higher that the unit 
with the most observations has the 
maximum observed COC concen
tration. If the site has m obseiVa
tions and the background unit n 
observatlons, then the probablltty Is 

m/(il+m) that the site will ha:ve the 
largest observation. For example, 
under the assumption that the site 
and background have identical COC 
concentration distributions, if the 
site has 10 observations and the 
background unit 20 observations, 
then the probability is 10/(10+20) 
= 1/3 that the site has the maximum 
concentration. If the site has more 
obseiVations than the background 
unit, then the probability that a site 
measurement exceeds the. largest 
background measurement is >50% 
(since m/(n+m)>0.5 in this case) .. 

The probability that the maxi
mum occurs in the ~ite, under the 
assumption that both the site and 
background units have the same 

· distribution, depends on the number 
· of observations in the site and in the 
background unit. The probability of 
making a deciSion error in declaring 
the COPC a COC orin declaring a site 
contaminated is usua.Jly large, unless 
nv'(n+m) is small. This is seldom the 
c-c1se in practice, for to get a constant 
dedsion error rate in the range of 
approximately 5%, the ratio of site 
measurements to background mea'
surements would have to be on the. 
order of 1 to 20. . ~ 

EDitor'• nolf: Part 2 or this article, which 
will be published in sn upcomif!g issue, wifl 
discuss the statistical approaches of compar
Ing means Bllf/ comparing d'IStrilxltions.lt also 

· wm IJ'liiM recommendations on which con
tamination scenarios and statistical tests are 
most compstlble In terms of reducing cleclsion 
error. 

Rlchlrd F. O'Brltn is wllh Pacific Northwest 
National Laboratory In Rlcfrland, WA. 

RlchBrd 0. GIINrt ls with the Washing
ton, DC, office of PNNL 

IIJIBCf 
1. EPA. 1994a. Guidance for the Data Quality 
Objectives Pr.ccess. EPA OAIG-4. U.S. Envl- · 
ronmenta! Protection Agency, Quality Assur· 
ance Management Staff, Washington, DC. 
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~omparing S-tes to 
Bac·kgro.und. Part 2 

By Robert F. O'Brien ant! RicJ,ard 0. Gilbert 

Pd.ri 1 qf this column, 
whic'! appeared in the 
September/Octf?.btr 1997 
"issue of ENVIRONMEN

TAL TES11NG & 
ANALrsis, discussed 
methodology and maxima· 
comparison. In this issue,· 
the ·authors complete their 
oVerview by discus_~ing the 
·statistical approaches of . 
.comparing .means and 
~istrihutions f!.nd_ mti/dng 
recommmdations on 

· · · which contamination. 
. . 

.s~eizarios and statistical 
tests are mosi compatible 
. to reduce decision error. 

. CoMPAIIIIIS MUllS 
. Comparing the mean site: con~rntt.a

oon to lhe mean background concenttJ· 
rion is a common method that is followed 
in Resow Cons~tion· and Ruovesy 
Att (RCRA) an~· Comprc:hmsi.ve Envi
ronmental .Response, Comperuation and 
Liability .Act (CERCl.A), or Superfund, 
(em~diation efforts. Under the usump:-
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tion tlut rh~ site and ba~round unit 
h:~ve the same true mean and concentra~ 
tion distribution, common parametric 
tr:su foJ equality of means are the t-test 
(for normal and lognormal data) and 
other methods as discussed in Lehmann. 1 

The null and alternative h}'f'Othaes for 
this a~proach :ate: 

(1) : ~.P; ~ - ~""' 0 
H,.: Jl$ • Jl.e~ 0, 

I 
whe~ J.ls and ~ are the site and back
ground mtans respectivd . H0 is the null 
hypotheses assumption ~lthe equality of 

I the true site and ba~und means, and 

I 
H" is the alternative hypothesis that the 
sitE mean is greater than the bacJcsround 
mean.. · 

An advantage of this test of means is · 
that it. can be ea~ly designed to p~uce 
acceptably 1~ deci"cn error rates, even 
for small or moderate numbers of 
samples. However. for large numbers of 
$.ample observation&, a drawbac:k in test· 
ing for tbe equality of the means is that a 

• j small difference in the means will almost 
I always be detected. This raises a question. 
I Wbile:the ~t indicates that the cjte and I background means are not equal. docs a 

small increase in the s.ite mc:an pose any 
~al additional h\UIUlJJ or cwlo&it&l riak~ 
For small differences between site and 
baclcground means, the: additional risk 
P.osed ,by the clcvated·si~ mun may be 
ne~ligible. Thus, the real question shouJd 
be:: Is rpc:an concentration ofthe contami
nant in the 8ite greater than D units above 
background. where D is a concentration 
that poses an unacceptable added risk 
abov~ ·the mean back;round concentra
tion? · 

In f,hjs form, tbll! oull and alternative 
hypottieses would be: 

(2) . : H0: ~ • ~ ~ D · 
HA: lls -1-lt > D, 

. or equivAlently, 

I (3> 

where cis a real numb~ greater than l. 
Per normal aod lognormally di5trib

uted data, t-tests art e:asily developed to 
test hypotheses (2). for distributions s'uch 
as the gamma a test for (3) has been de
vclo~d by O'Brien, S.inha ·and Smith.2 
A somewhat different approach to test• 

1 ins in these situations i.s l:he use of tests 
for "'bio-fltuivaleriae.. •• I Another common problem •t" in tist-

1 

.. 

.. 

... 
Figlllfl 1. Dll;trlbulfon of COC concentration 
for "lte, X, aDd badcgmmcf. Y, w!lem X and 
Y have um11 mean but d'tfferent_ shapes. 

ing meana is that under the null hjpoth
esis. the site ~d bac:kuound ·units should 
have th~ same conwnination distnbu
tion. For example, in Figure l, X is the 
site d.istribution and Y is the background 
distn"bution.lt is euily seen that they~ 
differmt dimibucion ~~•pes ~oup they 
have the same mean of 3. In .siruations 
lib tbi., the common t-test and odlu 
parametric tests are inappropri.ate, since 
they a51ume the underlyiJla distributibns 
have the same shape:. In these situations, 
however, it is still poaaible to QJ"'}' out 
tests of the abovementioned bvnothan 
using bootst12ppina techniqu;;.• 

COMMIIING D•'I'8IIIUTIONS 
When it is diffiClllt tO decide which 
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probability distribution is appropriate for 
the _,ite and background me3suremtnts, 
non-parametric tests, such as the 
Wilcoxon ~ankSum (WRS) test and the 
quantile t~st, are suggested.' ThcK meth
ods are also approp1iate if there is a mod
erate. a~ount of left-censoring ]n the 

· Ttte benefH of the 
wAS and quantile 

teste is that they 

can achieve 

specified small 

decision .error rate~ 

concentr.4tion data, due to observation~· 
tbat wete recorded liS falling below tbe 
laboratory quantitation Jimit.-The WRS 

. test is appropriate when the ctntr.al ten
dency of the site distrt"butibn is sbiftc:d to 
t.he right of the background d~stribution. 
The quantile test is appropriate when the 

/ right tail of the sire distribution is shjfted 
· towards the right of tlu right tail of the 

background distribution. 
The benefit of the WRS and quantile 

tnu is that they can achieve, with a mod· 
1 erate number of samples, specified small 
1 dt:cision mor rates (for fi!lsdy Kjecting 

the equivalence of the site and back
ground di$tributions). However, like the 
tests of means, the WRS test ctn lead to 
moneous rejection of the equ.ivalcncy of 
rwo distributions that are negligibly dif. 
fierent, if there an! :a large number of ob
sr::zvations in the site and background. 

Tile hypotheses th;t are tested in the 
WRS test arc: 

H
0

; P(X > Y) = 1/2 against 
H11: P(X > Y) >liZ, 

where P(X > Y) i$ the probability that a 
concentration measuRment observed in 
the site is greater than a measurement 
from the background unit. 

For the quantile te.rt, the hypotheses 
tested are: 

~; p = 0, P/o"" 0 agaimt 
H~:p> 0, Dla>O, 

. where pis the percentage of the site mea-
11. surcmeots that are above background, and 
_ Dlo is the amount (in unit' of stand:ard 

deviation) that p percent of the site me:~ 
surements arc shifted to the right of the 
hadw<>und, even when the dilkrence be
~cn the two underlying distributions is 
small ffiOUgh to pose no increase in risk. 

In Figure 2, X represents the back- · 
ground distribution of the conblllinmt 
concentration, and Y and Z the concen• 
tration disuibutions of two different sites. 

Figure 2. Ccntaminatlon cllstributi~ of 
rhree difftHB!'It shapes. 

f 

hi this case, tht WRS do~ a better job of 
· distiJlsuishing between X &Jld Y than X and 

1 Z, while the quantile test docs a better job 
· of distinguisljing between X and Z than X 

and Y. H~ver, a test that provides the 
best ofboth procedures, a combined •tan· 
dem" WRS and quantile test. is discussed 
in ~din and GiJbe.rt.• In most s.ituations, 
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this "tandem" .. test actually performs bet- I the proportion of the site measuremc:nts tcr than vther test scparatdy. ·: and the proportion of background mea-One drawback of the WRS and 5Umnent5 that arc above the risk-based quantile tests is that, as in the test for standard for the: contaminant of concern m~ans, ·if a large number of samples is (COC). This reduces to a binomial test~ taken jn. both the site and background ing situation, which can also incorporate unitS small differences may be detected . the condition th.atthe difference het_,.,c~ by the te~ts. Bowcvtr, we can adrust these l the proportions lm to be gitater than tests t-o handle: incremental concentration l some specified amount D that would pose diffcren.~ or .shiftS that are believed to an increase in ri.sk. 

I. concentration to the maximum background conc;entration mea·surenient. as 

I discussed in Part 1, offers inadequate protection against a declaration that site . .is elevated ~bove bacltground when in fACt, the site is no different thm background. Therc:fote, this approach sbouJd be . avoided unless ·a ratio of approximately 20:1 badgro\.Uld to site me~uremcnts an be atuined. · 
add little risk.. · . I 
·. · Another altr:rnativc: iri non-parametric I CONCLUSION I _re_s_tin__:;,.g_.is_to_t_es_· r_fo_r_a_d_iBi_e_R_n_c_e_h __ e_rw--:-ee_n ___ S_im...,.. ;_P}J: wmparing the maximum site ~ 

lf the comparison of means is chosen to verify whether background standards are 2ttained le$tin~ 1hou!d be carried ~ut to determine: whether or not the sjte mean . is tnore than D units above the background mean. where D ltilits rej)resent a siplificant in~;rease to the ris.lc of h~ or ecological exposure. Tbn approach 5upports nasonable decision error nttJ that wiiJ protect agaimt er:roneowly declaring tbe site and bacqrouri~ as diffucnt from on·e another, 'when in fact, the. site and bac.k,sro~nd po$C similar contaminant exposure risks. · · . .. -~,~ 
.. n~ _.-. . ....... ... q:......-....... 
~. 

11. Circle.._.., Service I 11 . 

lf one dc:cides to teat for a shift in the site djstriburion to the right of the baclt· · grou~d distribution, the WRS ~t combined witb the quantile rest shol.lld be employed. This offen teasonab]( decision· . ~rror ratt5, is f'airly easy to cany Ollt, and is rob).ut in nuny conditions. These non- . parametric methods can handle c.ases in which the site and background contaminant concentration distribudonc ue not ideJ)tica1, and where left-crnso~ed _obset· vations impede the use of parametric 'methods. · · ~ 

Robert F. O'Brien is with Pacfflc Nc»'tfnt'tlr Nstlonal Laboratoly (PNNL) In Rich/aM, WA· Rkh•rd 0. Gilbert Is with the Washington, DC, office of PNNL. · 
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