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FOREWORD

The US Environmental Protecuon Agency (EPA) has developed the Dat.
Objecuves (DQO) Process as an wmportant tool for project managers and planner
deterrune the type quanury and quabity of data needed to make decisions Data
sampling or monitonng acuviues are used extensively 1n problem defimuon, rule
enforcement decisions These activities are supported through implementatuon of
mandatory Agency wide Quality System which requires all orgamizations 10 deve
operate management processes a2nd structures for assunng that the data collected 2
needed and expected quality for thewr deswred use  The DQO Process has emergec
effecuve means by which managers and technical staff may plan and design more
and more timely sampling and analysis programs The DQO Process rehes heavil
cusiomer and supplier communicauon and understanaing to determune the types of
needed the quantity of data needed, and the quality of the data necessary, and to &
the customer (whether internal or external) 1s sausfied with the results

The purpose of thus document 1s to provide general guidance 10 orgamzato
developing data qualiny cnitena and performance specifications for data operauons
guidance assumes tnat an appropnate Quality System has been established and 15 ¢

This document 1s one of a senes of quabity managemsnt requirements and g

documents that have beer prepared by the Quabity Assu-ance Management St24 (G
assist users in implemenurg the Agency mandaton Qualiry System

ET4 CalGm 1
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INTRODUCTION

i Each year the US Environmenta! Pro.ecuon Agency (EPA) and the regulated
commumty spend approx:mately $5 billion collecung environmental data for scientfic
rescarch regulaton decision mahing and regulatory compltance  While these acuviues are
necessary for effectine environmental protecuon 1t 1s the goal of EPA and the regulated
communiy to minimize expenditures related to data collecuon by ehirmunaung unnecessany,
duphicauve o- overhy precise daia At the same tme, they would like to collect da.a of
sufiicient quanun and qualin to support defznsible decision malung  The most efficient w2y
to accomphish both of these goals 1s to begiw by asceriainung the typ2 cuabny and guanuty of
daiz necessarv to address the problem before the study begins To facilitate thus
deterrunauon the Quahin Assurance Management Staff (QAMS) of EPA has developed the
Dara Quahlitv Objectives (DQO) Process a svstemauc planmng tool based on tne Scientific
Methoc for aetemuning the fype quanury and qualin of dawa that will be sufificient and
a2pprooniate for the datz s irtended vuse By using the DQO Process to plan environmental
caz collectior eftonis EPA can improve the efiectiveness efficiency, and asfensioiliy of
asc'sions 1n a resource-efiective manner

What are DQOs” DQOs are gualitatve and quanutztive siatements denved from the outputs
o ezzn step of the DQO Process trat

1) Ciann tre s uoy obiecine

2) D=%pe *~2 most 2ooropate nvpe of dz 2 to colleer,

3) Dese—une (ne mos* zpproonale conaiuons from wuchk to coliect the data and
2) Sozz1m zocenedie jevels o7 decision eroms thar will be used as the bas:c fe-

es.zobsu~z the cuanu~ zna qual'y of ca 2 neeaed to suppor the cecsion

The DQOx 2r=2 tnen used to aevelon 2 sciena‘ic and resource-ef~ecuve szmplng desigr
What 1s the DQO Process® The DQO Process 1s 2 semes of plannung sieps tased on the
Scies *iic Me'nog tiat 's aes'gned to epsure thzt the type aranun and cualin of
enwonmenal g2tz used 1n decrsion malarg are appropnate for die wn'enced application

Tne DQO Procecs was develoned by EPA to belo 4gency personne! avoid coliecung
Ce1z tna:, are 1;nconseguenuz! 1o aecsion malung  The Process allows the ascision makers to
aeine 112,- 6o 2 reguiremen's and accepazble levels 0 ascision 707 cunng planmrg beiote
tiey col'ect G T )
the Wi vie;d resulis of aoo-opniaie auain fo- asiensible gedsion mallrg

A ar Vi
- F (A



The DQO Prozess consists of seven distunct sieps, as shown in Figure 1  The DQO
Process 1s also nerative, tne outputs from one step may influence poor sizps and cause them
to be redefined Thus wall ultimately Jead 10 2 more efficient’data collecuion design Each of
the seven sieps are described bnefly below A more detailed deseripuon can de found in the
subsequent chapters of thus guidance

State the Problem

:

j fdeat&ty tti becasion .
ldentify h?utsi&'j the Decision
befine the Stn'gx Bogn;i#{ies
| Develop a D'Ecismn Rule ‘
| Specify Limits on Dectsior; Errors

T

Optimize the Design for Obtaining Data

—

i

-

Figure 1 The Data Quality Objectives Process

»  Step }. S.z's the Probler Conzisely describe the problem to be studied
Review pnor studies aad exasung mformauon 10 gan an accepiable

understanding of the problem
S-ep 2 Idenufy egiside  laenufy the decision that will solve the problem
using new data.
e Stzp 3 Joentd tne Inoais to the Decrsipn  Idenuf) e wformauon that neeas to
be le2ned 2nd the measuremants toat need 10 be t2d en in order to resohve s
azcision

iz~ Fux

2
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*  Siep 4 Define the Study Boundanes Specify the conditons (ume penods
znd sitvatons) to which decisions will apply and within which the data
should be collected

* Step 5 Develop 2 Decision Rule Integrate the outputs from previous steps
mto an if then  statement that defines the condions that would cause

- the decision maker to choose among alternauve acuons

»  Step 6 Specifv Acceptable Liruts on Dzcision Errors  Define the decision
maler s asceptable decision error rates’ based on a considerauon of the
consequences of masng an mncorrect decision

> Step 7 Opumuze the Desien  Evaluate informauon from the previous steps
ang generaie aliernauve sampling designs  Choose the most resource-
efficient design that meets al] DQOs

What is the value of using the DQO Process”?

. The DQO Process 1s 2 plannung tool that can save resources by malung data
collecuon operations more efficient and cost-effecuve Good planung will
streamline the studv process and increase the hkehhood of collecung
aporopna'e and useful data

. The structure of the DQO Process provides a converuent w2y to document
acuviues and decisions and to commuumcate the stuay design to odiers

. The DQO Process enables data users and relevant techmucal experts to
parucipale  p'anning and to specfy their parucular reeds pnor 10 caz
collecion The DQO Process also fosters commumcauon among &ll
parucipan's one 0 e central teneis of qual'y management pracuces

. Tne DQO Process proices 2 mewnoc for defining the ouabn of dota in
elavon to the intenaed use of the data Th:s 1s done by coasidenng the
cons=quences of czcision ermovs and then placing him:s op the hikehhood of
Jose decision eTos A sahisucal samipling desigm then car be genz-ated to
prov.de the mos* e~ici~nt metaod for controling decision em~ors and
sausfyi~g the DQOs

. Tre DQO Process belos to focus stucies by encouaging da'a use~s to clann
vague objectives and to it the curaber 0 aecisioas thas wil' be maae

-~

VA gessiom e =zt rrodabikin o F2)g &F 1IN0l 0sA1S10™ basst 01 dawe tha maclz 2y es.—a
£
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When should the DQO Process be used” The DQE) Pracess should be used dunng the

planming stage of any study that requires data collection, before the data are collected. In-

general, EPA's policy 15 to tise the DQO Process to plan 21l dais coflection efforts that will

require or result 1n a substantial computment of resources. The Quality. Management Plans

(QMPs) of the Agency's Nauonal Program Offices, Regional Offices, and Research and
evelopment orgamzauons will specify which studies reguire DQOs

Even whenmccnumDQOPmmxsnmnuhud.ncmn&Mb:usedzsa
guide for planming a study This will belp ensure that the data will be useful for supporung a

decision

Who participates in the DQO Process® A DQO planmng 1ecam generally consists of semor

program staff, technical experts, semor managers, someone with statisucal experuse, and a
Qualiy Assurance (QA)/Qualiry Control (QC) adwisor, such as 3 QA Manager. Itis
important that all of these people, including manggers, pasucipate (or sny mwformed) from the
beginmung of the DQO Process so that s-can procesd efficiently

&

What 1s 2 study design” A study design specifies the. final configuration of the

environmental monstonag cffort 1o sausfy the DQOs hmmwﬁmm -

monito-ing informauon 1o be collected; where, when, and under what condations they should
bs collected, what vanables are 1o be measured, and the QA/QC cotgponents that easure
accenizble semphirig error 2nd meesurement error to meel the-dstision error rates specified in
e DQOs

Where does the DQQ Process fit info EPA’s Quality S3stem? - -DQOs are uszd to amve at
the QC requirements for data collecuion, samphing, and #nalysis These QU raquirements
become part of a Quality Assuvrance Projest Plan (QAPP)

What projects are cavered by this guidance? Thus gumdance document appbes to all
efionts 10 collect environmmenial data for Agency decisions and-mongtonpg studies where the
results wuli be used 10 mal e decisions  Thus gmdance may not apph 1o data collecuon s

zcuvines that will not Jead to ummediate azfioas or that are explora.ory m- pature N -

How is this guidance structured” Thus gmdance cehumtﬁght chapiers, three appandices
and 2 bist of references Each of e remaning chaplers descnbes one of the seven steps of -
tne DQO Process Each chap.er 15 divided 1nto three sections &s folows

(1) Outputs from thus step - Thus secuon denufies and dcscnbcs the products
from the DQO Protess s.ep descrbed

() Baclground - Thus secnon provides background info-mauen on the DQO
Process s'er 1ncludirg the rauonale for de 2cuviues in the siep

(3) Acuvites - This section Gesstbes toe acuyrues comonsing tne DQO Process

s.ep, 1ncluding how 1ipuls 1o e siep are useq. .

A
-
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Appendix A provides a bnef overview of the Data Quality Assessment (DQA) Process
that 1s used to evaluate data once 1t has been collected Appendix B 1s a case study
applhicauon of the DQO planning process to an environmental problem Appendix C provides
a glossary of terms used in thus guidance

How should thus guidance be used? Thus gudance should be used as a tool to structure the
planning acuviues for collecung environmental data It should be used to orgamze meeungs,
focus the collection of background informnation, and facihitate communicauon among experts
from many different fields and between the techmical experts, the program managers, and the
decision makers

The DQO Process consists of seven steps  In most cases, each successive step denves
informaton from the previous ones, thus, each step should be completed 1n the order that 1t
appears 1n the gmidance The DQO Process 1s sterauve, bowever, so 1t may be useful to refine
the outputs from previous steps Iteration 1s encouraged since 1t Jeads to a2 more focused
study with a greater chance of meetng 1ts objecuves Above all, every step should be
completed before data collecuon begins

The DQO Process can be used repeatedly throughout the hife cycle of a project to help
make separate decisions Often, the decisions that are made early in the study will be less
senous 1n nature and will require a hrmited evaluauon effort In some cases, these decisions
will be purely qualitauve rather than quantitauve As the study nears conclusion and the
possibility of making a decision error becomes more cntical, however, the level of effort
needed to resolve 2 decision generally will become greater  Figure 2 lustrates this point

graphically

EPA Q4/G~ 5 lrizn— Fisal
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CHAPTER 1

STEP 1 STATE THE PROBLEM

THE DATA QUALITY OBJECTIVES PROCESS

‘ o i
Stete the Probiem l —— -
1 N STATE THE PROBLEM
2nbfy the Deaision Purpase
The purpose o' this s*ep is to clearty de‘ine
\ L the problem tha' reauires new environmenial
dafz so tha the fozus ¢ the s*udy will

ldentify I~puts tthe Decision will be clez and unambiguous

<

. o loent’y members 0 the plenning team
Define the Stuoy Sound“\axbs vy 0

¥ N

Deve.op & Decision Rule e Specrv aval'able resouces anc relevan*
L oceadnnes 10 1he s uT)

1
lS:)ecm/ Limi-s on Dec'sio~ £E-10 s

1oenti*y the pnmary cecision make

Develop & conzise descnpuon o the prodlem

oo g

QOutputs f-om tnis step

. 4 concise description of the problem

4 List of tne planmng team members and 1deptification of the decision
maher

4 summan of available resources ena relevent deadlines for the studh

ha=—% .o

m
1




Bachground

The purpose of this step 1s to assemble 2 planning team of study experts data users
2nd managers who will help plan the study design us ng the DQO Process then clearly define
the problem that 1s being evaluated so that the sruoy will be focused and unambiguous

Activities

Identify members of the planning team The planning team 15 the group tha. will develop
DQOs for the stvoy The team should include representatives from all groups who will be
imvolved 1n the project, including but no limied to samplers, chemsts and other scienusts
and enginesrs modelers techmcal project manage™s 20runustratiné and execuave managers,
QAJ/QC expents (such as a QA Manager), datz users ana ceCi1si0n mezhers A reasopaple
effort should be made to inelude any decision makzers who may yse the study findings Jaier
A stausucian (or someone knowledgeable and expenenced with environmental stausucal
aesign) should also be included on thus team

Identify the primart decision maker of the planning team and define each member’s

role and responsibility dunng the DQO Process The planmmng team generaliv bas 2 leader,
refered 10 as the oscision maker,” The decision maner bes Jhie ulumate authonrty for

malarg final decisions baseé on the recommendauors of the planmung team:. Theastision ,
maker 15 ofien the person with the most authonty over the  study, 2nd 15 ;s;:pns;ble for . :
2ssigning the roles and responsibiliues to the plannung t=am. members

Develop 2 concise description of the problem

’ Dsscrpe the p-oblem 25 1t 15 currentl} UnEers.00C D) SummanzIng eXIsang
informszton ang explaung e coaflists-or uacenaadaes that e stuay
seeks to resolve

. Conduct Iiterz ome searsnss anc exolo=s ongoirg Studiss to ensure that tne
problem 15 comrect!' cefinss and has no' previousy been sorved

rganuze anc review reisvantnformauo- +acluaing orehmu-any stuores
and indicate e source and rel2bilihy of the wiormzuon

. If (= proc-zm 15 coplex consiger brealung 1t mnto more manageabis preces
Io-n '\ those pieces tha, conld be acaressed )y separaie stubues
~ §5120 pnOTluss 10 each piece of the prodblermn

. Desznbe m.nal 1de2s or aap-oacnss for reso'vng e problem  Fo- eaawsle,
one 2oproach mught involve modeling 2mother muznt be erp.nca
(s ohving actual v-x:asx.rer"r.s) ano z thad mugni bz 2 combinzaon 0°
these ™wO 2pDroacres

A bd

Soecaifv the available resources and relevant aeadiines for the studv  Include tne
zn_co2 26 budgs 2va 2o . personne! anc congacwal vehuslss (ir 2opucodis)  Ausd soend
oo\ c2ag;r mec fo CO™DIuon O L12 Siud5h

lo=~— %o
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CHAPTER 2

STEP 2 IDENTIFY THE DECISION

THE DATA QUALITY OBJECTIVES PROCESS

Siea.e the Problem

/
,/“”/ I IDENTIFY THE DECISION
Idenbtv the Decision Purpose
The purpose o' thus s°ep is 10 define
£ the decision the wil' be resolves using da.a
\ 1C 200ress the prodie=
Ide~tiinNQputs *o tne Deaision
1Y

i AZviiies
o .
Define the S:ud‘.wanes Site the decision
e Ceriegorze mutiple dexsions

L \ e Susie the £2'i01s 0 oucomes ™is could

resu” tro— the resohwuor o the oecision

Develos & Dec's'on Rule N

+

‘SDB:"\ Limi's cn Dec sic~ E1e

(2]

l Ozt z= the Des'c~ iz Osenng Dae
Outputs from ‘he s‘ep
. A s.atement of the decision tha* must be reso'ved using azta 1n order to

address or solve che problem

- A lis* o possible actions o~ outcomes tha. would resul*t from each
resoiudon of the gecision statemen:




Backeround

The goal of thus Step 1s to defing a decision statement that will be resolved using data
1n order 1o address the problem idcnufied 1o Step 1 Sute the Problem The decision
s.2iement (the decision) 1s the pronouncement of what quesuon must be resolved or answered
using the d2ia  An examole of 2 decision 1s Is the concentrauon of contzminants above or
below the regulatory standard? Stzung the decision w1l help focus the efforts of the planning
team onto the common objecuve of the stod)

In addition to the decision, the acuons or outcomes that would result from the
resoluuon of the decision will aiso be defined 1n thys siep  There are a1 Jeast two alternauve
acuops o- outcomes that are associated with each aecision (¢ g, talung acuon o7 not zking
acuon) N ’

If the decision 1s not obvious, then 1t may be helpful to thank about the alternauve
acuons 1n order to 1denufy the decision. If specific actions cannot be rdentified, then the
sudy may fall in the caregory of exploratory rescarch

Activities .

State the decision Idenufs the appropriste decision that must be resolved in order to
2n0dress or solve the problen The decision should be phresid-af & guestion to alfow the
decisior meher 10 choose betwesn aliernative acuons or oJ.comes basad o the datz collected
Ar exarole of the decision st2ztenent is  Is the permuftee O of compliance? There are ™0
lernzgt s outcames to thys Siztemsr. e perTulies i out of comphiaace or the permiusse 15
in coTolance i 1s imperztive 10 specificaliv phrase the-decsion -and avoid geaeral

stz smants of goals or onjectives L pecessany, copsult with the decision meker 10 wansiate
gene-2} godls o 2 speaific decimion )
Cstegorize multiple decisions 1f several separate decisions must be defined 1n-order to
agcress tre proplem then sozziv 21l 0 these accisions and 1dentify the.sequeace 1n wruth
tnzv should be resolved

State the actions or outcomes that could result from the resolution of the decision

Sic ¢ e acuons or OJ comes thz- could result rom sach resoiation of ns 4ecision s.aalemert
An examole of tns s L the fzzihny 1s found 10 be owl o coTphance ther enforcemeant
acaon wil occur, if the 1acihn 1s found to be 1o compuasce, 021 DO AZLOP will bz 12hen

Ers Q35— 10 fromm Fin




CHAPTER 3

STEP 3

THE DATA QUALITY OBJECTIVES PROCESS

State the Problem

v ]

Identity M

Identify Inputs to the Dectsion

Studv Boundanes

RN

Develop 2 Dec sno\.'i\ule

Spec v Limuts o~ Deersion Errors

Define

fagze 3_ of E Pages

IDENTIFY THE INPUTS TO THE DECISION

|

<+t

IDENTIFY INPUTS

Purpose

identr'y the inforTational inpurs the* will be
requirec 1o resoive the decision Determine
which 1nputs require environmental
measurements

Aztviies

o idenmry the informatior tha® will be
require 10 resolve the oecisior

o De*ermine the sources for each item o'
informeuon icenrriec

® iden‘ the Information the 1s needed
10 esizbl'sh the action level for the s'uth

o Confi~™ the® eppropnate hield se=iplns
techniques end ang'vica! me*hods exis
1o pProvide *ne hecessary Ca.a

Ootimize the Design for Obta'ning Da.a

Qutputs from this step

=

. A lst of informational inputs needed to resolve the decision
. The Iist of environmental variables or characteristics that will be
measured

A CaG~

11

LerT Tina




Backeround

For thus s1zp the plaamng team will examine the ddeasion specified m Step 2
1denafy the Dzcision and idenufy the informauonal mputs that-wall be rego red 1o resolve the
decision  The goal s 1o determune which inputs wall require new environs emtal

Incasurements
Activities

Identify the information that will be required to résolve the decision. Define the datz that
will be necessary to suppon the decision; for cxample, ambient ozone momtonng data of
concentr2.40ns are necessany 10 determune if the ozohe Isvels are above the regulaton-

standard

Determine the sources for each itém of information identified above. List the sources of
the vaniables 1nat need 10 be measured to providé sufficsent information to resalve the
ascision  Determune whetner relevant datz alrzady exist  Also, investigate alismneauve dac

sources qr the-use of surrogates

Ioentify the information that 1s needed to establish the action level for the study The
20003 l-\ el 15 tne meesurement threshald which provides tj;, erienon for cno*bsu;g betwesn
glierreiive acuons  The simplest example of an acuon level 5.2 s,..néard or x regulaton
fxr:sholc Arn acuon Tevel can 2lso bs based on nisk o- exposurs 2ssessment tachnojogical
uTuis o reference-ased stangards  Subseguent sieps in tae DQO Process resurre thei the
22301 leve] be ser precisely; nere, the Bast for setung the acuon Jeve! 15 idenafied

Confirm that spprop-iate field saimpling techmiques and analytical methods exist to
provide the pecessary-data Dziermine wheinerthe fypes-of daie necessany (o resolve ine
cssision can be colisciea I 't 15 not posstole 1o collect the ng gcessary data, deteameaf 101s -
re250%2ble 1C Mz ¢ 25suTDLENS 0" ct2w conclusions from o.p2r-sources of informzuct L no
tracacal souTCe 0. Ir.OTEA2 107 £X1SiS 152 's 2odhicanle for resol g the decision cosider
shifung e €707 to Gevelod ;e researeh 100 s néeded 10 2doress the problem o~ cors aer no°
conducung the study zt Jus ume

EP4 QAT - i Lo

e
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CHAPTER 4

STEP 4 DEFINE THE BOUNDARIES OF THE STUDY

THE DATA QUALITY OBJECTIVES PROCESS

Stete the Problem

1 DEFINE BOUNDARIES
Pu-Dose
ety e Do ] e ances - are oo y

‘ / gecision
Activiies
Identifv Inpuets to the Decision e De'ine the dor~ain or peograshic aree
/ wirnin which al' decisions mus apply
v B
Define the Studv Boundznes
o When aporopnete dvde the populgtion ir+o
\ ‘ stra‘atha have relatively homogeneous
charactenstics
Develop 2x2< sion Rule e Define the scale of deasion meking
¢ Determine wher 1o coliec’ 08 &
; \ ¢ De eTnine *he hme frame 10 which te
S U3 Ca'2 aoph

Sosoify Lim s on Decsrsion EN * igersh 2 pracacal consran's

on Calz co'les 101

ctmize the Des:gn for Ootaining Datz

® Specry the cha-ac enstics the' cefine
the population o' inieres

Outputs from thic step

. Characteristics that define the domatn of the studs
. A detaiied description of tre spatial and temporal boundanes of the
aecision
. Anv practical constraints that mav wnterfere with the study
ET S 'z L« Faa

s~
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Bacheround

Datz are dafficult to interpret unless they are drawn fromy a well-gefined sampling area
The purpose of this step 1§ 10 clezrlv define the set of circumsiances (boundanes) that will be
covered by the decisson  These will include

-
-

. Spaual boundanes that define what should be studied and from where the
samples should be tal en, and

- =
¥

. Temporal boundanes that descnbe when samples should be 1aken 2nd ‘what i
ume frams the stay daia should resresent B

These boundanes will be used 1o ensure that the sudy desigo.incorporaies the ume
penods 1n which the study should be implemented, areas that shiould de sampled; and the ume
penod 1o which the study results should apply Tius will hielp episure that the stdy daie are
representzuve of the objects or people being studied Dedimng bodndaries before the data dre
coliectea can also preven nappropnate pooling of datz in 2 way that mesks useful
mformatior - T v

Przcucal constramnts that could misrfere with sampling are 2150 wentified in thus step
A pracacel consraint 1s any kinderance or obs.acle that may wterfere sath-the.full
impiementzaon of the stwdy design =

Activities }
Define the spatiz! bounda=y of the decision

M Define the domamn or geor~zphic area withih which ait decisions must ™~
2pph  The comar- o- geogTatuc arcais 2 region dishnsLe elv*markec by
some phisical 1eereres 1 e vo-ame lengin, widi, boardan) to whych the

ec 5101 will aophh  Some eazmoles ez the —eiropoiaar ¢} Imuis e
prooem pouicanes and tne raiwral baohat range of 2 parusuisr speas

o Specds the characteristics tha define the populatior of interest.
- Tne *pooulago~" 15 2 siztisl.cal 1o+ the! refers to e 0.2l colicsuon of
omecis or pzapls 10 b2 § uaies 2rg from wLach the sammpls 15 10 De arawn
Fo- ins.znce 2 populaaoa mav be PCB concentrzaons 1 soul 2t 2 Supe~und
site biooz lezd levels 14 cniloren unaer tne 2ge of s2vea or the hourn ozons
concerceaont witna 2 ¢ Clezoh gefing the 2npbyes hai Ma 2 wo e
postlaton DV § .o taer r 2 v 2 Wiz med es e fotus of the swdy
~zmp goous  For eya—rie, o2 top '7 incazs of sort s less amb.guous
e sovely  sudace 500

$1
s
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(3)
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When appropnate, divide the population 1nto strata that have relatively
homogeneous charactenisties Usirg exasung informavon stratify each
medium or set of objects into subsets or categones that exhubit relauvely
bomogeneous properues such as contzrmnant concentrauons Strauficauon is
deswrable for studying sub-populations or reducing the complexsty of the
problem by brealung it into more manageable pieces The decision maler can
choose 10 male separate decisions about cach stratum or the enure populauon

Define the scale of decision mahing Define the smallest, most appropnate
subset of the population about whuch decisions will be made to meet the goals
of the study For example, 1n 2 stuay of contarmunated soud where the goal 1s
1o protect future residents from exposure and where the future Jand use 1s
residenual the planming tearn may set the scale of decisiop makang to a 14

bv 14 area if the chuildren denve most of their exposure from an outdoor play
area of tus size  Consequendy, decisions tha® will be made at the site would
be protecuve of children a sersiuve population 1n exposure assessment

Define the temporal boundary of the decision

(1)

(2)

Determine when to collect data Conditons may vary over the course of a
study due to weather or other factors Moreover, the study decision mav be
influenced by tne seasons For examble, 2 study to measure ambient airborne
paruculate matte 2y give rsleading informauon if the sampling 18
conducted 1n the wenter winter montns rather thar the dne- summer months
Therefore the planning team must aeieTuns the mos' aporopnate ume pznod
to collect aa'2 wat will reflec: the conditions that are of winteest

Determune the time frame to which the study data apply It mav no* pe
possible to collect ca 2 ove- the ful]l tme penod ‘o wiuch the gecisron will
apoh  Tnereiore the plannrng team must dererrune the most 2ppropnate uTs
frame tha. the daz shoulc refiect (e g the studv datz will reflect the
conaon of coniarunant Jeaching 1nto ground water over z p2n0a 0 2
hunarec \ears)

Identify anv practical constraints on data collecton These constraints include seasonal or
etzo-ological condions when sampliag 1s pot possibie and the upavalzbiiny of personnel

ume

o~ eaupme=  Fo- examdle 1 coula ozcur that surface soit samples could ro* be taken

bzvo74d the east boundanes of a sit2 unaer invesugauon because ascess to that areza had not
been ganted oy iz owner of the agjasen. propem

0
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STEP 5 DEVELOP A DECISION RULE

THE DATA QUALITY OBJECTIVES PROCESS

S.ate the Problem

v

loentify the Decision

} - | DEVELOP A DECISION RULE

Purpose
ldentify Inputs to the DP/ .Pf{ To integ-eie the oupLrs from previous
- steDs 1o & sinple s alemen tha! descnbes
V e lopica’ bes s for choosing among

v

Develop & Dez'sion Ru'e

%- ® Combdine the oupu's ¢ *e previcus DD

seps I~ oear v c*he- decisido- nule
Soezidy L,q.osws e 02! ~es the cONS-1018 tha' would

ca.S$® e 0AZ 519™ rake 10 Choose
. &™M2NZ a"ema ve £ZI0NS
{ 3

® Spectv e paramete h2 charactenzes
the populason o Ineres!

® Specry the atuon level {or the scudy

sheme'ive acbions
Defm%d\ Bounoanes / Actvities

Op*1imize the Design for Obaining Da.z

Qu.put from ths step

. An "d then  statement that defines the conditions that would cause the
decision maker to choose among alternative courses of action




Bacheround N
The pnmay purpose of Uus step 1s 10 integrate the outpuls from previous sieps into a
single statement that descnbes the logical basis for choosing among aliernauve acuons There

arc three main elements 10 a G2cision rule

(N the parameter of irieresi, a descnpuve measure (such as 2 mean, median, or
proporuon) that specifies the charactensuc or aunbute that the decision maker
would like 1o know about the stausucal population “The chosen parameter of
interest for 2 populauon should be thought of as the true charactenstic of a
stausucal populauon, bowever the population perameter can only be
estiimated using environmenizl data i -

(2) the acnon level 2 measurement threshold tha. provides ibe;nw}xan for
choosing among altemative acuons The acuon jevel can be based on
regulatory siandards, 2 nsk or exposure-sssessment, #chnolog-based hmits,
or reference-based standards -

(3) the alierncive acnors, which descnpe the.courses -of-agton that the oec-‘:sxgn—
maler would tzhe, depending on the true value of the parambter of anterest

These three elements 2re combinéd in the following way. If fhe parameter of interest
(e £ tus mean concenwrauion of lezo 1n the surface _so1l) 15 greater than the acuon level (eg,
1 mg/Kg) then the comrect choize 1s altezuve acuon A {e g retovs the sod from tne sie),
o.ne% st tne correct choice 15 2itemzauve 2cuon B (e g, leave the soil in place), N

Activiuies
~x

Specifv the parameter that characterizes the population of interest. %ceplmg teem
§702IC speciTy tne paramete- of interest (such 2s tne mean, median or percentile) that wowsd
charecrenze the zx:,:a.:}auo:1 anc woulo be used to rmal e the decision if 1t wue value were 1
lnown Fo- examid'e 10 asteTine if tne conamunauon level 2t 2 gaen sue exceeds on

zcvon fevel the planring team must specify tne parameter that will be evaluaied with respect

1o Lre zcuon leve]l (e g the mean concenirauon) Some rzguiaacm sozzvhh the parameizsr, but

17 Jgus s not e case 1 2y be necessan m consult with 2 sizashician 10 help seiect 2 - )

paramerer »nlt s comstsies wieth the 37 endec zpoliczuon  Be aware szt the parameter taat 1§

chosex in s sied may be charged late- 1n the DQO Procsss as more mformauon becomss

aviulable or i esumaung the parameier pecomes unwieldy

RS 1
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Speafs the action level for the study The decision mal er should specifyv the numencal
value that would cause hum/her 10 choose between ™wo or more acuons  For example the

zc1s:0n maker would choose one action 1f the parameter thai charactenzes the popu'ation of
1nteres. 15 above 1 mg/L and a difterent acuon otherwise

Develop a decision rule Develop 2 decision rule as an 1f then  stztement that
inco-poraies the paramete” of interest the acuon level and the acuon(s) that would result
from the decision For example I the mean concentrauon of caamuum 1n the waste ash
exceeds 1 0 mg/Kg then the waste ash will be considered to pose an unacceptable nsh and
w11l be disposed of 1n a2 RCRA hazardous waste landfill otherwise the waste ash will be
considered not 10 pose 2 rish and will be disposed of 10 2 mumcipal Jandfill

L_~—Fiz
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CHAPTER 6

STEP 6 SPECIFY ACCEPTABLE LIMITS ON DECISION ERRORS

THE DATA QUALITY OBJECTIVES PROCESS

SPECIFY LIMITS
S‘ate the Problem ON DECISION ERRORS

i / Purocse

Spectly the decision maker's acceptable hmrs
identitv the Decision 0" decisior errors wAich are used 1o
es.ablish apprcpnate peromance poals for

; / bmng unceria™y in *ne date

Identity Inpws to thy{e::is:on AcinTies
¢ De eTune the possidie ranpe o’ the
E / psrame e O interes?
¢ Deline boh tvpes of decision errors and

ideriry the po enua’ conseguences of each
Define h;z‘?éw Bounoznes ry e po
e Spect e ranpe o' poss die pareMeter valoes
/ ‘ waere TIe CoNseauenses o' gec sio~ e~ors

& e reiauvelv mao (Crav region;

below "=« gZhi0n leve "2 refies
L the ecoEn 2bie So5DabI' 1o the

Jl?é./elop 2 Dzzision Sule & ASSIC™ probedim velues 10 po s Ebove and

DSTLTENTE O CLeI'SIDN €N

< 1 : - ~n ¢ Check e hrns or oexsi0n e ra7s tc ensure
Soecn Limr's on DecisionEo s iz ey accutaieh refes’ the peosiDn

e ——— reke”s cONTe™ DOU the re a'ive
I consesJences 10° ealr e o 0eTISI0T e~D

v

l 0> 'mize *ne Des'g~ fo, Ooaiv~g Data

Qutor: from this sten

. The decision meher s acceptable decision erro~ rates based on 2
consiae-ztion of the conseguenices of mah.ag an wcorrect decision
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Background

Decision makers ase interested 1n hnowing the true stafe of séme feature of the
enviroriment. Since measurement daia can only gsumate this state, bowever, decisions that
are based on measurement data could be in error (decision ervor) - Therefore, the goal of the
planning team 15 to design a samphing plan that reduces the chance of malang 2 decision error
to 2n acceprable level Thus step of the DQO Process wall help the decision maker define
what consututes accep.able hrnuts on the probability of malung 2 decition error

There are two reasons why the decision maker cannot know the true value of a
populauon parameter

(1) The populauon of interest almost always vanes over ume and space  Limuted
samphing will muss sgme features of tus natural vasiabon because it 1s usually
impossible or impractical 10 measuré every pomnt of a population. Sampling
grror occurs when. sampling is uneble-to capmie the complete scope of natural
vanability that exists in the true state of the environmeht.

(2) -Because of measprement-ejror;-anslvical measurements can-only esimste the
true populaboh parametdr MessuremEnt errgf is a cotibination of random
and systematc errgrs that mevitably anse dunng the vanous steps of the
measurement process, such as sample collecpion, sample banghng, sample
preparation, szmple -snelysis, data reduciion, and data-Bendhng. -

The combinauon of samphing e:re- and measurement error 3§ cajled toial srudv erro-,
which 1s darectly related to decision erro;  Basing decisions on unavaifiably imperfect
measuremant da 3 wall Jead 1o the poss'hibry of malang 2 decision error

The probabihity of d=cison erro-s czn-be controlled by agdepuing a-scyenufic approach
The scientific rocthdd employs 4 sysiem of decision maling that control§ decision"errors
throagh the use of sizausucal hypothesis tesung In hypothesis tesung, the data are used to
szlec. berween one condiuon of the envaronment (the baseline coadmunh or null hvpathesis,
H,) and an aliernzuve condiuon (the alternauve hypothesis, H,) The baseline condition 1s
presumed to be true in the abssace of strong evidence to the contrary Thss feature provides
2 wz) to guard against malupg 2 dacision error that the decisson maher considers to have the
greatest undeswrable conseguences

A dec'sion error occurs when the data lead the decision maler to beheve that the gull
hypothes's 1s true when 1t is not, or that the alicnative byvpothes:s is whe whea 1t 15 not
These rwo tvpes of aecision exro~s are classified as false posiuve errors and false negatne
cTo"s They arc asscnbzc below

Py QAIG 22 JESTEE R
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False Positive Error — Tbe false posivve error occus when the daia rmslead the

ecision mal er 1nto bzhieving tha the burden of proof bas been sasfied and that the null
hypothesis (H, ) should be rejected  Consider an example where the cecision mal er presumes
that 2 cerntain waste 1s hazardous (1 ¢, the baseline condiuon or npull by pothesis 1s  the waste
1s bazardous) If the data lead the decision maler to wrongly conclude that the waste 1s non-
bazardous when 1t actually 1s then the decision maker would be makling 2 false posiuve error
A stausucian usually refers to the false posiuve error as alpha (@) the level of significance
the size of the cnucal region o 2 Typez I error depenaing upon its precise use

False Negative Error — The false negative error occurs when the data muslead the
ecis101 mahker 1nto wrongly concluding that the burden of proof has not been sausfied so that
the null hypothesis (H, ) 1s accepted In the waste example the data Jead the decision maker
to wrongly conclude that the waste 1s bazardous when 1t tuly 1s po* A staustcian usually
refers 1o a false negauve error as beta (B) or a2 Tvpe I error aepending on 1ts precise use It
1s also hnown as the complement of the power of a test

The oefimuon of false positive and false negative errors depends on the view point of
tne decision maler and the acuons tha* are talen Consider the viewpoia® wnere 2 person has
been presumed 1o be innocent unul proven guilty (1e H is 1mnocert Hias gwlty) A
false pestove ettor woula be convicure an wmnocent pe~son (1 e, t2lang acuon wher acuon 1s
no* warranied) 2 false neganve error would be no* convicung the guilty person (1e not
«2.ang acuon when acaon 1s warranted) From a cecision maker’s vizwpoint, where 2
crunal s guilny unul proven innocent (1e Y is gl H,1s 1nnocen) the errors are
reve-sec  Here, the false posiuve erro- woulc be rejeasing the guiln person (1 e, talung
&cu0™ when L 1§ no” warTarrec) and the false pegaave e—0~ 15 10 not release the innocert
pesop (& ro'iale acuon wier 1t 1S wasranted)

\ nie the poss o'un o g2z'si0n €7Os can neve~ be to.al elimuenzred 1o can be
-ezucec  To reduce cecison e~o-s the p'anming team raust asvelop an ageguate ecamaie 0
tre popu'anon parameer (1e mecuce total sTuov errom) Tus car be azccomplishea by
co'lecung z large number of samDies (to reouce sarphing eo7) and by analy z1mg manidual
sampres several umes us'Mg To"e pecise Jabora o~ me.hoas (1o vzguce measu~emen eoT)
Ee te- sammolirg azs'gns can 2lso be developza to coliec. ¢z 2 that more accurarely zad
efiicienuy represen. the popuizuon of intersst Reducing aecisior errors however generallv

c-zases costs  In many cases recuocing 02218100 £7TOTS 1S unnecessan fo- malang 2
reasonable dec s10~  Fo wpsiance 1f the conseguezies O QSC'S10D €707 are JURO™ 2
reaso~zd'e dec'sic~ could be maoe based oa re'aavely cruae azte. Simuach af tne
consscuences ©F cecrsion eTers are severe the asaision raler will wani 1o aevelop 2
szmnhng ges'gn that esaunetes 28 much sarpling 206 measuress €To” 2s pessidle (wrann
bucper comso2:niS) "t OTGST O DTOVIGE ThOTE eXECi eslma =S

To mun—uze the effpo tha' 1¢ sper unpecessan regucing Qec'sic™ €Cs Lhe
€ tearm [mls €227 Lne WheeT reguctng 270 g 2nd TIeasutsmen’ € TS 'S

ecessan O oest Uie LimuS o™ 0221810n €707 T heTe-0Te ey rast LS Geling wnE’
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probzbues of decsior erroTs 2re accepiable to the dedision maker Once the accepizble
p-obabiliues of decision esrors are-d¢fingd, then the effort necessary to reduce samphing and
me2surerent eTors 10 meet-these hmits ean be quanuﬁ:-d‘m Step 7. Opumuze the Desipn It
mzy be necessary to nerate berween these two steps several times Before accepiable
probabiliues of decision errors are sclected “Ttus is bow the DQO ?rocess balances
reduzuions in decisio- erTors against mcreasss 1o the use of resources

1]

Activibies

Determune the possible range of the parameter of interest. Establdh the possible range of-
the parameter of inierest by esumating 11s ikely upper and lower Bourlds. Thas will beip
focus the remasmng acuviues of this step on only the relerant values of the p‘aram-t-r Uss -
histonical datz, incluairg znalvteal dara, if aaable Fér example, xh: range of the paramster
shown 1 Figure 6-1 and Figure 6 2 1s between 50 and 200 ppm. «

Define both fvpes of decision errors and 1dernfv the pet:ntm conseguences of each
Using the acuon Jevel soecified m Siep 5. Dme}gp a Dzaision Rule, ncs)gnazz the areas
b=low 2nd zbove the acuon leve) as xh?(d&ans whare the two tvpes so‘ deeision errors could
occur  The prozess of defining the decision emors bas ﬁm; sops” - ¢

(1) Dejine both rypes of decision errors ard esicblisn which decisior erro- has
more severe corseguences. “For .nsizace, the threat of healib cffe&s fron -
mp'op"lv disposing of natdroous materials ma: be considered more sefious
than spending exira resousses to dispose o nonbazardbus waste a1 2
hazargoas wasre fezing  Therciore,-2 decision maver m2) judge the'.dhe
consea.znces o” wnso—écty comcluding the the wastie is nohzzeraous when
3 rezl v 15 hazardous zre more §ehers L’nan e ¢onseaiences of wmegmrect)

concluaing ihat the wests 15 hazardous whes.at ;eally js no: e
A B
)] Es.aolisk the true siase o REUre Jor each aecisior error The true state of

Ane wasta fo- the move s-t qscsior ¢ eTo" W S be thanhe W 2sie
bazerzoos The Tus.siaie e; ne-re for we Jess savere desision cr*er 1S tha
tne was's 1s non-hazaréous

(3} Definc 1he true swcie of nerure for the more severe dec:sm;: error cs e
basei ne conznor or ru'i mpatnes s {(H = toe nzs'e '8 hezardo.s) and
cefine ine 17ue S ctf o reure jor ine less severe decision error &s tre
alicrnz ne Fypo nes's (F,= we waste 1s nonhazardous)

S rce tne burze- of Sroo! res's on tne gliemiaove pvooness the oz
T.§ CcLmonsse & enough wioTaaer to sodio~ s vebh et e pel
rypo.ies's and concluda he alizmaine “There orz by serusg the puli
h,pownests e.aud to Q= Tie kate of nature -2 €XSiS Woheh Wh2 more severe

Z ~Qac- - o~ Fsa

£

5wk



Page_&o&ﬁPages

decision error occurs the decision maker 1s guarding a2gainst making the more
severe decision error

(4) Assign the terms 'false posinve and "false neganve 10 the proper decision
errors  The false posiuve decision error occurs when the data nuslead the
decision maker 1nto behieving tnat the burden of proof has been sausfied so
that H, 1s erroneously rejected (1 ¢ the decision maler wrongly concludes
that the waste 1s nonhazardous when 1t actually 1s) The false negauve
decision error occurs when the data muslead the decision maler wnto wrongly
concluding that the burden of proof has not been satisfied, so that Hj 1s
erroneously accepted (1 ¢ the aecision maker concludes that the waste 1s
hazardous when 1t truly 1s not)

efine the potenual consequences of decision erro-s at several points withun the false
posiuve and false negative domains In the wasie example, the conseauences of a false
posive decision e~or when the true parameter value 3s merely 10% above the acuon level
may be munimal because 1t would cause only a moderate increase in the nsh to buman health
On the other hand the conseauences of a false posiuve error when the true parameter 's ten
umes the acuon level mav be severe because 1t could greatly increase the exposure nsk 10
bumans, as well as cause severe damage to a Jocal ecosystem

Specifs a range of possible parameter values wheve the consequences of decision errors
ere relatively munor (grav region) The g-ay region 1s 2 range of points (pounaed on one
sige by the action Jeve!) where tne conseguences of 2 falss negauve decision ervor are
re'a'ive’y munor  Establisp the gene-zl locano~ of the g2y region by evalvaurg the
conssauences of wrongly concluaing that the baseune conaior (the puil hypothesis) 1s true

The g-z\ region o- arez of uncetariny estzblishes the mummum asstance from the
22007 leve) 10 wuch tne ascision maaer would bhe to control gscision eTo™s  lo s.acsucs
thus value 15 calles delia (A) and 1s an essenval pari of the calculauons peeaea to aeiermune
the number of sampies tha' need 10 be collectec  The »id'n of the gray -egron reflecis tne
cecs10m mal er s consermn 10 decision errots A mote parrow grav region umplies 2 gesre to
conclusinely detec, the conciuon when the true parameier vzlue 1s close to the acuon level
V'hen the sample estmate of the parameter falls witun the g2y region, the decision rmaker
mev have 2 ugn probabiin o1 malang a gecision evor (e the gata mav be 'too close to
czl' ) and mav wrong'y concluae wa. the baseline conqion 1§ trus

The grav ~eg;on 1s an zre2 where 1t wyl no. b2 feasible or reasonzblz to conwol the
false nega-ve g=o's on erro- rate 1o Jow leveis because the —esources thz would be recuured
woulc exceed the eapected costs o the consesuences of mahlang vz ascisio2 ero-  For
example wnep tes ing whetper 2 paramete” (SJSh 28 tNe 12221 CONSE™T2407) cxceels the
zcao~ leve] vy the rue parzme.e- 's rear Qe acuos Jeve]l tren taz imperiect cata wili tead to
be clus e-ed arounc e 2cuon level wuih some veloes ebove tre 2cuoz Jeve! and some brlow
15 o-cer 1o cete—ure with confidence wpeder the trus vzlue 07 the Darame.sr 1S 2d0Ve 07
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below the action leve), the decision maker would need 10 collect a lasrge amount of datz,
increase the precision of the measurements, or both  If 1aken 10 an.extrems, the cost of
collecung de.2 czn exceed the cost of malung a decision €170k, especially where the
consequences of the decision error may be relauvely mino” Therefore, the decision maler
should establish the gray region or the region where 1t 1s pol cnugal 1o control the false
egauve decision errors, by balancing the resources needed 10 "make a close call™ vesus the

consequences of malung that decision error

Assign probability values to points above and below the achign leve} that reflect the
scceptable probability for the occurrence of decision errors. Assign probability \ zlves to
pomnts zbove and below the action Jevel tha' reflect the decision makey's sccepiable Hmus for
mala~g 2n wrcorect decisior  The most saingen' Liuts on decision efrors that are typically -
encounterea for environmental da.2 zre 01 {(1%) “or both e false postuve and false pegauve *
decrsion errors (¢ and B)  This guidance recommends using .01 83.ths starung poing for
setung dzcision ervor rates  The most frequent rezsons for setung limits gredter than 01 are
tha, the consesuences of the decision errars may not be severe enough 1o weivant semng
decision eror rates that 2r¢ thus stangent. The value of 01 shouid ot be consjdered 2
presenptine value for serung decision error rates, nov should 1t be congidered as the pobey.of
EPA to encourags the vse of ary parucelar decision error.raie. Rathez, i should be viewsd
2s 2 stzrung poim from wmch 1o Gevelop limy.s on decision errors thai #re appbeable for each
swe, I e decrsior maker chooses to relay e oecision eo- rates from Ol for false
posiive-znd false negauve decision emors, the planning (283 shedid @cumgx ?h:g'ésﬁmgi
behund serung the decision error re'e 208 what the poiential impacis may be on cost, resource
eaperaiure buman healik, and ecological conasuoas

Repea, this zcuviyy for both siees of the grzy remon Generally, the acceptable himus
fo- talang & 02215100 eTOr should oecrease fumier ewazy from the action jevel, 25 the
conseauanses of 025100 ervor betome more severs N -

Chech the lumits on decision errors to ensure that they accuratels refiect tbe decision
rraher s concerns about the relative consequences for each tvpe ofidecisiop exfor The
2=cenrzble L= 1s 0D decis10n eTors should be s~alles, e bz e the Towest probabilrv of
e~0-) fo- cases where the decision maker bas greztest concem for desisior £r7o7s.. Tous
mezos thet 1f one TyDe of error 1s more senous than anotne-, then 1ts ascepiable Lmns should
= smaller (more resincave)  In addiuor, the Lmi on ¢2C15100 €270 gre psuzln larges.
(magr prodzathn o eor can be tolerz =LY pear Lz 22y0” jzvel, since the consegueaces O,

dession ero-s 2z gene-ally less severe 28 woe 2s.0n Jevel s 2pp-oached  \enfy that e
desision mel er § accep 2ole liruts on gesision 0 2T copsisient with these pnnciples

The combined miornzuen frox the 2suviues secuos of this chepier can be graphsd
o~02 Dasg~ Parromenze Goal Digzam o” chbanial 1o az "D2Lision Zrvar Limis Taple
(s=¢ F.gures §-1 2nd 6-2 and Tapes 6-1 and 6- Z beiow) Both are uszful too1s for
visuz: zirg and evaruzung & oF the oumets £om UL s €0, Figure 6-1 and Taolke 6-1
d.as=2'e 1ne ceSe Where the paschine ©onc.uo™ (oo 1 hyposresis) 1§ thal e paramees ©°

Evs €40~ ) frems Bl
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interest exceeds the acuon level (e g the waste is hazardous) Figure 6-2 and Table 6 2
1llustrate the case where the baseline condition 1s that the paramszter 1s less than the acton
Jevel (e g the waste 1s non-hazardous)

The Design Performance Goal Diagram (which 1s someumes called 2 "Decision
Performance Cunve ) can be refined by brealung the steps of decision errors into smaller
unuts  Thus would have the effect of adding rows of information to 1ts corresponding Decision
Error Limuts Table The diagram will be used in the final step of the DQO Process (Step 7
Opuimuze the Design) 1n order to construct 2 statistically based evaluzuon of how well the
sampling design will meet the DQOs  Ttus evaluauon involves the construcuon of 2 Power
Curve which 1s a graphical descnipuor of a sampling design s expected performance  If the
Power Curve hes within the acceptable regions of the Design Pe-fomance Goal Diagram
ther the corresponding sampling design sausfies the decision maker s accepizble limts on
decision errors

= 7 - =
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Figure 6 1 An Example of a Design Performance Goal Diagram
{Baseline condition parameter exceeds action level). -

Acceplable Probability of Deciding that
tha Parameler Exceeds the Action Level

m
' Acceptable ™
probability of mékung
True an incorrect decision
concentrzfion Correct decision (2 dec error) -
50 1o 60 ppm does not exceed 5% -
acuon level
L 60 10 80 " 105
! 80 1o 100 " £Ta\ region——no
prodaoility specified
; 10010 15 exceeds acuon 5%
: lenel)
15010 200 1%
Table 6 1 Deasion Error Limuts Table Corresponding to Figure 6-1
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Figure 6-2 An Example of a Design Performance Goal Diagram
(Basebine condition parameter less than action level)

True
concentration

Correct decision

Acceptable
probability of making
an incorrect decision

(a _decision error)

50 to 60 ppm

60 to 100
100 to 120

120 to 150

150 10 200

does not exceed
acuon level

exceeds acuon
level

5%

10%

gray region—no
probability specified

20%

5%

Table 6 2

Acceplable Probability of Deciding that
the Parameter Exceeds the Aclion Level

Decision Error Limits Table Corresponding to Figure 6 2
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CHAPTER 7

STEP 7 OPTIMIZE THE DESIGN

THE DATA QUALITY OBJECTIVES PROCESS

OPTIMIZE THE DESIGN

Purpose
State the Problem Identdy the most resource-efiec'tve semphng
{ anc anslysis desip~ {01 pene-ating da & tha are
expecied to seusty the D20s

Identify the Decision Acvities
/ * Review the DOD outputs and existing

; / environmental data

& Trenslale the infoma 10n tro™ the DODs

ldenth‘y lnputs 10 the mﬁs,on 110 & s*atistical hypa-hes:s
o Develop peneral samphnp and analysis

‘ / desipn arematives

¢ Fo eachdesigr ahemstive formulate the

Define the Stugy Boundanes mahematical expressions needed 10 solve
the gesign p odlems
A & Fo eachdesip~ ahema've seles’ the
opnrma semple s:2e the satsfies the DOOs
Deve!bé 2 Decision Rule ¢ Seilsc’ the most resource-e'ecive desigr that
V4 sz 'shes al' c the DQDs
/ ; * Documer *ie ope-a~ons' oetalls and
_ theoreuce' BSSUMPIIONS O e sei-Slel
Sn tetra ) L!"ﬂ‘ s o™ DE:'S'D“ =™ S oesic~ 1 e ssﬂnphnl; g% Anghs's Pz~
Z

4

OsY1pize*~= Design for Os.asning Data

Qutput from this <step

. Thne mos* resou-ce-effective design for the <tuov that s expected to
scrueve the DQQOs. selecied from & group of alternative oesigns generated
du-ing this step

-—

EPA Ca/l- 21 L Ay




Bachground

I~ ths step staustical me&;;qn:s are used to develop alicrnaus ¢ environmental
sampl~ dzsigns and es2luate théir efficiency at meeting the DQOs To derelop the opumal
agesign 1o thus swdy, i1t may be negessary 1o work through thus siep more than once after

revisiurg previous steps of the DQO Process

The objecuve of this step is to idepufy the most resource-cffecuve samphing design
expected to generate data that sansfy the DQOs speaified 1n the preceding sieps VWhile this
step does not explan the exact procedures for developing a samphing design, it does provide ¥
broad overview of the steps that need to be accomp'shed 1n order to reach tius goal Because
the role of stausucs is very imporiant i developing & study design thal should achieve the
accep.able decisson error rates, 2 statispcian or someone with staisucal experuse should be
co~sulied 1f they are not 2lready on the plasming teath

Activihies

Review the DQO outputs-and existing enviranmental data. Bgview the bacl.ground.
informz 100 on the project or propram along with the DQO outpuls, this-prordss 2 succinct
coliecuor of iaformauen on the context, reguirements, and coaswaints:of the samphing design

Develop general sampling and analysis design alternatnes Develgp aliempath € Sampling ”
2nd analysis designs bésed on the DQD ourpus and 2 general undersianding of the sausucal
paramels-s of the co™ amubants 200 mesia. Exembles of general ossign eliemnauves include

. sirple ~andom sampling

. £2vsnual ranoom samphing

. £ § smaJc-samonag - _

. composis samp.Lng {0 conjurcaon Wib anotner sampling cesign)

For each aesign 2lte-native, formulate the mathematical expressions needed to solve the
design problem Drielop the torse nws 0 mademeuca) expressions needed 10 opunuze e
sampl.ng aesign 28 “oliownsg

(1) Deiermure 2 suggested methoc for tesung the stzasacal byooines's
(e g 2t-128)

) D=velop z s zusucal moael 1~2 descibes the relzauonshus of the measued
vazivs 1o the wue” valve Onien e moas’ wik gescrds the comporens of
£7o0~ 0~ b.as te' are behieved 10 exast 1o e measured vajus

3 Dsvalen 2 cot funsvion thal relacs tne nurnbe-s of samplss 10 the 1o.2] cost
of czoat =~ ant anzly s

TOL QI o2 z.emes Taoa

SEe

T g
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For each design alternative, select the optimal sample size that satisfies the DQOs
Using the mathemaucal expressions from the previous acuviry solve for the optimal sample
S12€ Wa cangfies the DQOs, including the decision mal er's hmts on decision errors

If no design will meet the Limuts on decision errors withun the budget or other
constraints then the planming team w1l need to relax one or more constraints  For example

. increase the accepiable decision error rates,
. increase the width of the gray region,
. relax other project constraints such as the number of available personnel,
. increase funding for samphing and analys:s, or
. change the boundanes, 5t may be possible to reduce samphing and analvsis
cosis by changing or elimunaung subgroups that will require scparate
ecisions

Select the most resource-effective design that satisfies all of the DQOs Evaluate the
design options based on cost and ability to meet the DQO constraints  Choose the one that
provides the best balance between cost (or expected cost) and ability to meet the DQOs A
Power Cunve 1s a useful statistical too] used 1o evaluate whether the design has the ability to
meet the DQOs  An example of 2 Power Curve 1s shown in Figure 7-1

Document the operational detais and theoretical assumptions of the selected design 1n
the sampling and gnalvsis plan Document the selected assign’s hey 1zsatu-es that mus- be
irplemnentea p-operh to allow for efficien. and vahid stausucal interpretauon of the data It
18 paricu'as’y imporiant 1o gocument the stausucal assumptons that could oz violersd through
eTo"s 1n or practical corstraunts on field sample collecuon proceauvres or laboratory methods

EPA Qa/G— 3 Irsy == S
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APPENDIX A

BEYOND THE DQO PROCESS EVALUATION OF THE DESIGN
- USING THE DATA QUALITY ASSESSMENT PROCESS

Once the DQO Process has been completed the planning team w;ll have the
rformauon needed 1o choose the sampling aesign that best meets the needs of their study
The needs of the planning 'eam have no. been fully me' however unul the samphing ca.a are
analyzed to ensure tha an\ decision mads from the da'a will mest the decision error rates
specified 1n the DQO Process  Ttus analysis 1s part of a related process calied Da.a Quality
Assessment (DQA)

The DQA Process 1s used to 2ssess the scienufic and staustcal quahin of data for 2
specified purpose  Duning the DQA Process the datz will be analyzed scienufically to
1nspect for techmical anomanes and 1o juage that the conteat of the datz 1s correct At the
same ume the 2z will be evaluated stausucally to confirm that the stzusbcal model was
correct select 2 s.ausucal tes* ang vahice ¢ tha. stausucal 1est oy venfiing assump 10ms such
as distnbution and independence  The oJtcons of the DQA analvsis will determune whether
a geo'sior czn be made using the eastng dz'z or whether anaitional sampling data must be
collectec  Tne DQA Process 1s 2150 useful for aete-taming whetner 2 samoling design s
2op-op—ate for sirutas sruaes

DQ4 gmcance fro— EP4 < Qualn 4ssu-ance Masagemen. Ste. 15 uded  Guidance
for Environme~-2 Dz 2 Quahin Assessme~  ZP4 QA/G 9

EFA CA/C— - bme Tin
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APPENDIX B
DQO CASE STUDY CADMIUM-CONTAMINATED FLY ASH WASTE

Introduction

Appendn. B presents an example of the DQO outputs for a realisuc case study The
casc study has been chosen because 1 1s symple ané straightforward and because the outputs
are Lncomphicaied  Altnougn some of the outputs from tlus example may seem intuiive ths
1s no ofien the case 1o pracuce For many studies the DQO Process 1s comphicated and
thoug .-provolang Even so, some steps will require more effort thar others Keep 1o mungd
that o' of the steps 1n the DQO Process are necessany to develop a staustical studv design
Once 21! of the steps have been comoletec and thoroughlv thought oat then developmenrt of
the most resou-ce-ef1ecine study design can proceed

Back eround

4 hazardous waste inc.neration fazilitv located in the Midwest rouunely removes fiv
ash from 11¢ flue gas scrupbe- system anc a1sposes of 1t 1r z local sam'any landfill
Previousiy 1+ was getemuned that the ash was nonhazargous unaer RCRA regulaaons The
1~c'nerz'o” noaever recenty pegar wezang 2 pDew wasie steam A local environmenta)
DJC IC T"I27es £TOJT "2S 2 eC tnz tne ash be ratestec against RCRA stanaaras befo-e 1t 3¢
c'soosec ©  The grout 's p~—iarid contemec thz e ash could con aip bazaroous levels of
cazrut™ fro— wne pew waste soorces  Toe .zcsib™ manzger has zgreed to tes. toe oSt anc

nz oecicec to er-zio  the DQO Process to relo guice aecision malung throughou e
proizz

Cazmuu™ s o—ar i Lseo 25 co™0s10n DUoletLom 0~ me.a! pac of cars 238 elecincd
2oz aznzses 1 os 2lse vsec 1- some benenes  Caa~ur~ ang cadmuurs salis kave toxuc eftects
1¢- humers Lroogh bolk ungesnon and 1mhalabos exposures  Ingesuo~ exposu-e usually
causes mulc to s~vere T1°2a0n 0 the gastro'ntesunal trazt wouch can be caused by
concenszaons e Jlow 28 01 mg/i g/can Crromuc (long t2-m) mmhalauon eaposu~e can caase
mcreesec 1o dence 0F emrchyseme 2ng caromic b onchubs ba' the cuman terged s the

cen shown 1o causs ne-sased

lacaey  Seve-s and chronuc mnhzlauon exposure have
1cicence 0 lagney swones 2aé ludrey crsfu-cuon

Feae-z] Femlanone (CFRY Pz~ 261 1ns —enos tor

n
1%

—— - - . - - R, . N e D - - 1 -

czte ¢z SOC Suds 2722 1S 2 pozarcols waste pnzes RCRA e o somp'e 2

.
~--2semEL £ DOTLOT G e was'e ang pe—o— - Tonscr Cperatiznisuc Leacning
5 27 z3= wll be ercacred o- cissohed
D

- ~
2
ceo’uwen The e cacson Ioed (e TCLP pszchore) wyll then be supjecrss to

- .
o
[t JoT AN {
~
o

Ly~ & e bt

TEI T 0T EDRZ IC TIPS LS ERZ CCTO0ATIS Sl LR CAETTT C e 0T ConicT v ne

Amnom mr ;e e e im e memmn s The mememre mame ~s DO Bencesc Pne g
C [ERPOUTE U € N GHON G e W'Y Ses . © -re T oy i et G ¢ \d Zese N L DR
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esablish the samoling désign needed to determine 1f the waste i hazaréa&s under RCRA
regulations within auptablc dezision error rates

:

As 2 precursor to the DQO Process the incineration company hes conducted a pilot
study of the fly ash to destermune the vanabihity 1 the concentration of cadmium betwesn
loa.;s of ash Jezving the facthty They have determuned that each Jo24 is farrh bomogznecous
There 1s 2 lugh vanabiity between Joads however, due 10 the nature of the wasie streem.
Most of the fly ash produced 3s nonhazardous and may be dxspes;d of in & sanntary landfill
Thus the company has decided that tesung each sndividual wasge ioad before it jeaves the
facility would be the most economical Then they could sand loads of ‘ash that exceeded the
regulated cadmium concentrauions to the hgber cost RCRA landfills and contifiue to send the

others to the sanutary landfill

DQO Development
£

The following 15 a representative example of the output from cath step of the DQO Process
¥

State the Problem — 2 descnpuon o th prablem(s) and specifisauoris of availible
resources and selevant deadhines for the study - i

(1) Idennfs the members of tne planmng team — ’Hw:wtm’b*rs of ’ﬁiﬂﬁ@!mt team -
w1ll 1ncluce the mcinerauon plant manager, 2 represemative of the énvironmetital
pabl.c 1steres' group 2 representetive of the commumty where the ashris currently
baing disposad 2 stauisucian. -2 ouahipeassurance officer, 2 gpresentauve of EP.-. that

¥

works within RCRA and 2 cbermust with sarrphing-expenesice | -
(2 lagnndy the primary aecisior maker — There will no* be 2 paman decision
mal ¢~ separaiz decrsions wi'l exther be 2Mocateg 10 memrbers.of the plannmg weam or

riage Oy consepsus <

(3) Develop a corzse descripnion of ine proplen; =~ The uroblesm 18 10 deteTmne
whizh loads are 10 be sent 1o 2 RCRA landfill and u%,.gmtooc sert to 2 san "an
landfil]

(¢) Speci™y avaiiaole resources and relevar. deadhines jor the smedy — The waste
gene-210- (e 1ncine-2uon coTioan} ) wishes to spenc as ble as possible 10 ostevoune
the conzertraton of caamuu  The project will not be condizauned by tost, howere
Tne ervironmental public merest grauo has threaiened 1o file 2 Jaw sun fo- uo‘a.xon
¢ e~ -onmec~al regulauons if testng goss not proceed within 2 re2sonzble ume
TTame :

A

=g -
2 lne=~ Fuoa
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Identify the Decision — a statement of the decision that will use environmental datz and the
acuons that could result from thuis decision

(1) State tne decision(s) — Does the concentrauon of caamuum in the waste fly ash
cxceed the RCRA regulatory standard?

(2) Siate the acnions that could result from the decision —
< (2) The waste fiy ash could be disposed of in 2 RCRA landfill

(b) The waste {ly ash could bz disposed of in a samtary Jandfill

3

Identify the Inputs to the Decision — 2 list of the environmental vanables or characiensucs
that will be measured and other informauon needed 1o male the decision

(1) laennfy the informanon tnat will be required to make a decision — To evaluate
the problem the planning team must co'lect samples of fly ash waste and subject them
to the TCLP extracuon and analyze for cadouum

(2) Determine the sources for eacr item of irformznion idennfied — The
concentrauon of caarmuum should be measu—ed 1n samples of the fiy ash vsing tne test
methods bistec 1n 40 CFR Pi 261, Apc I Some exasung pilot studs da.z provioe
m,o-mavor about vanability, but 1t goss no. proviae enough niormanon 10 resoive the

Qaecision

(3) laenrp the irformanon that 1s neeaea 10 establisk tne actior leve! for the study
— Tne acuo- level 1s the RCRA szngerd for caamuun (1 0 mmg/L 1n tne TCLP
ieachate) using the 1esi methoas histed 1» 40 CFR, Pu 261, App I

(«) Corfirm 1nz cppropic-e fieid scmphing 1ecnnioues and ananccl metnozs exis:
10 provige 1he necessary cata — Czamium can be measured in the solid was.e
accoraing 1o the methoaologies specified 1n 40 CFR Pt 261 App II The astecuon
Lumut for thus method 1s below the stancard

Define the Boundaries of the Study — 2 o2tzi2d descrpaon of the spauza! and tepo-zl
boundanes of the gecision characrensucs tha: aeiine the pooulaton of inte—est and ary
p-ac.cal coastae-auons for the stuay

(V) Defire tne spcnal poundan o, 17¢ dec'sior —

2) Dcfine the doma'~ o~ geogrepr ¢ arec wiirir ¥ mick a'l decisions must
cpp’y  Deaisions will zoohh to each contz.per load of wasie ash

== FLe
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>
D
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b) Specify the charcciensncs that define the papn!anéu tnat will be siudied
Samples of waste fly 2sh from the bazardous wase-incinerator will be

analyzed The fly ash should not be mixed with any other consutvents except
water that 15 used for dust control  Each Joad of ash should filf af Jeast 70%
of the waste trader In cases where the traués 3 filled less than 70%, the
trailer must wait on-site upul more ash s produced ‘and fills the t.mler to the

2ppropnale capacity

c) When appropnate, divide the populanon wio strota that have relanvely
homrogeneous chereciensucs  Strauficauon 1s not neéessary since the waste
ash 15 relanvely homogenous within each contam:r. i

d) Define tne scale of decision making The scal: ef é’acxszém magmg will be
cach contamner of waste ash

(2) Definc 1he temporal boundary of the decision— '

2) Determine when to collect daic Contzined fir the trucks, the waste doss
not pose 2 threa’ 1o humans or the environment Addsionally, sige the fiy
ash 15 not subject to charge, disintegraion ©F ﬂze;zm. thschemical
propesties of the wasie do not warrans any “femplek its. To expedite
decision malang however, the planifii§e 10320 bas ’fa}asé deadfifies on
sarrpling 2nd reporung The fly ash waste wil' be :Siqi’w:ﬁzm 48 hours of
bemng Jozoed onte wasts hauhng tralers  The anelyuce! resohs froswgsch -
szmpling round should e coroleted and reporist W, SHS worling devs of
smplms Lrul znansis s co‘npk.ic, the waer 22hnot 9z us:ﬂ. Ts poses

_an economut 1mpact on the owners of e ngiperdton « - - .

B £ «

o) Deermine tne nme freme 10 wrick ine stud) daxa*r!pn‘) It will be
assumsc the e sams’ mg G2tz —epresents both tne curtent &hd furure
concervauon of cadrmu'n witur the ash H -

w5

(3) Idennn procacal cornstrainis or daia collection — The mieét woponani pracucal
consideraon tha could wre~fers w-th the study s the abilin to'take sampuzs from the =
fiv ash that 1s storeg 1o wasie nou! =g traders  Althougn’ the raiie=s heve op2n access
special procsdues ana mﬁhcﬂs will have 10 be mmolemenied 1 o-ger for the samples
10 D2 represenizine of e eaure 6ep h of the ash It bas beer sugpesied thal core
szo~oles M2y bz o~e prazucal soluuon 10 s problem. ﬁa-mo*a}lv 10 ge. the best
szmpie f-07n c2ch TuIs 236 10 maImuze A2 cos - composiang of core samiples has
peer sugges'ea

Develop £ Decisio- Rule — Compb ne the outpuls of tne previouf DQO 5:2pS irto 2n

I

u

¢ e-  cemisror rule thar defines the conaiuoas that wo2'a canse uie gscision mal of *o
cCnodse

&mMOong alit™aave etyons -

F
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(1) Spec'h the parameicr tha, characicrizes the populanor of interest — The mean
concentranion of cadrmsuT for each contawner will be evaluated with respect 10 ne

RCRA regulatory standard

(2) Specin 1he acnon level for the study — The acuon level fo- thus problem will be
the RCRA regulatory standard fo- cadmium of 10 mg/L 1o the TCLP Jeachate using
the test methods bsted 1n 40 CFR, Pt 261, App I

(3) Develop c decisior rule (an if then  statement) — If the mean concentratior
of cadrmuum from the fiv ash waste 1s greater than 1 0 mg/L (using the TCLP method
2s defined 1n 40 CFR 261) then the waste will be considered 10 be hazaraous and will

pe aisposed of a. 2 RCRA landfill

If the mean concentrauon of cadmium from the fly ash waste 15 Jess than 10
mg/L (using the TCLP method as defined 1 40 CFR 261) then the waste wull be
considered 0 be non-hazardous and will be aisposed of 1m0 & samitany Jandfil)

Speafyv Acceptable Limits on Decisiop Errors — the aecision maler s accentzble gecision
-e-Tor rates based oz a considerauon of the consecuences of maling an 1ncorrect aecisionr

m

Catlm

(1) Determine the possible range of tne paremeter of wterest — The range of
Caaruum coacznue|ion 1s expectec to be from 0 2 mg/L

(2) Defre po h nypes of decisior errors ana idernn the polennal corseauences of
eacn — Tne acuon leve! bas zlreacy been aefinec 1 Siep 5 Develop 2 Deaision
Rule o ith.s DQOC exampie Therefore the pumpose o tus s.2ge of the Process < to
c=fi~e tns accep 20'e provanihny of malang 20 1pcoTeSt aelision or e.ther siae of e
azyor Jeve)

2) Define poir noes o; decisior error and es'zb! sn wricr decisior errors
REOVE '~£ IMOTE SENEre COnSeauences The pianaing leu bas geoicsa vz e
™o desrsion e7o7s are (1) asciqung sal the wasie 1s bozargous wher g s
tuly no. a2nd (u) deciaing that the waste 15 Dot hazargous when 1 truly 1§

Tre copsecusnces o gecicing tha tne waste 1s hazardous whe= 1 uh
1s no wil! be 112 tae mncaime-ator Wl have to pe mome for the asposal 0 e
fiv ash 2° 2 RCRA facili~ than af 2 sanian 'anciil

Tre consscusnces 0~ deoiaang tha the was 215 n0 Lazaraodous wher
tuly 18 weli b2 o2 e ncinereror comsay Wil asposs of the wasie ir 2
sar 2n lenc il wmusn cocic pOsSID'Y cnc.nge” human redde a0 the
cmvrotmes Lo tnis & L2007 Wiy mav 2l<o be Ladie for futu~e camages

=2 er\Iroomes 2. C'22D-UD COSIS  AGGisC-ally tre reoutzuon o the

f

0~ COTmDLD\ Tmav D comproTused soparilang s umare

L3
f
|



The planmung team has concluded that the sscond aeision crro- has the
more scvert consejuences

b) Estabhsh the true siate of nature for each deeision error

- The tue state of nature when the more severe decision error occurs (the
waste 15 decioed 10 be nonhazardous whea 1t truly 15) 1s that the waste 1s

hazardous R

The true state of nature when the less severe decision error occurs (the
waste 15 decided to be hazardovs wnen 1t truly 15 nez);s that the waste 1s
nonhzzardous .

o

B *

c) Define the true siate of nature for the more severe decision e;ror as the
baseline condition or tne null hypothesis (H,) and define she irue siate for the
less scvere decision error as tne aliemanve hypothesis (H,).

Fhe-baschne condition ovnull-bypoihesis (H,}m&e;mcnm —

The alternauve hypothesss (H,) 1s  the wasts1s ngl nazardous -
d) Assigr tne 1erms “jalse pos nve” aad ’32:..;: negauve 10 the. praper
Gecis'on errors

§

The false pesibve decision éror occuss when the gatz muslesd the - -
gec 's:on mehe- .rie oeheving that tne burden of proof has beer sausiied, so
tnz H, 1s eronsousiv reyected  For vus examole the false posrave gscision
e occus wher e gscisi07 meker 001025 e Wasieis not bazardous
wher 10 ol 157 . :

¢ false nsgaune decision ¢ror oscurs when the data muslead the
ascisiom nak 1 1nto wrongly conctuding tha. the burden o proof has not been
sausfied so that H 1s esr@peous.y 2cceped  For thus gxzmple tne fzise
negzave decisior &rrgr occurs whan tne decision maker detides tha: the waste
18 hazarooas waoen 1t tuly 1§ pot )

(3) Spec'n a -arge of possipie velues o, 1ne parar-cier of interes: where tne 5
corscouences of decision errc=s are relzovels minor (grey reglor) — The g23
region 1s the 2r2e 2ciecert 19 the acaon level whe-e the planmang team feels thz the
conszousnces of & fzlse negadve decisiom er-or 2 mumimal  TO gsci0e how 10 set e
w.ch of e T2y ~egio- the p 2znmy tcam Mus' 620108 WDLTS NS COTSESUSDILS O, 2
falee pzzz -ve ostision oITo” ere z:nuxma. Beiow the asuon level even 55 e

comcemoE On Of cac—uLm wers vr\ close to = 2cu01 level $he monsaamv costs of
@3T8 O 2 waste 2 2 RCRA fesinn zre o2 samie 25 1 e waste n:d ¢ muc*
lowe- concemoz 0- 07 czgnom Cearv z- 282 r2Zac 2 c2c'sion eror (-0 1ne et
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of the acuon Jevel) will cause the incinerztor company and their customers to bear the
cost of unnecessary cxperse (1¢  sending nonhazardous waste to 2 RCRA facihin)
The plannung team has specified a2 widih of 025 mg/L for thus grav region based on
their preferences to detect decision errors at a concentrauon of 075 mg/L (see Figure

B-1)

(4) Assign probab'lity values to poiwrts above and below the acnon level thar reflects
tne accepiable probabiliry for the occurrence of decision errors For this example
RCRA regulauons allow a 5% decision error rate at the acuon level The planming
team has set the decision emror rate to 5% from 1 mg/L to 1 S mg/L, and 1% from 15
mg/L to 2 mg/L as the conseaquences of bealth effects from the waste disposed 1n the
municipal landfill increased On the other side of the action level the planning team
has set the acceptable probability of making a false negauve error at 20% when the
truc parameter 1s from 25 to 75 mg/L and 10% wben 1* 1s below 25 mg/L based on
bo.h expenence and an econoruc analysis that shows that these decision error rates are
reasonable to balance the cost of sampling versus the conseauence of sending clean
ash to the RCRA faciliy (See Figure B 1)

Optimuze the Design — The dscision maker(s) will select the most resou-ce-effectve
sanoirg and analy sis assign for generating ca.2 that are expected to sausm) the DQOs

Opumuzing the design 1s the one step o° the DQO Process that will most Il ely bz
cor"\p]"lad by 2 s:izusucian oz someons who has sampling design eaperuse  Using the case
ruoy 2s ar exzmdle the following secuon bas beep included te proviae the reager wih 2
b zl grounc o7 the overall process thzt the s.austcian rmugh. folow 1 omaer to opumsze the
fira] samphing cesign

Bachground

requwes an uncs-siancirg of the sa:nplcc medium ang
tre miomeato~ wia was gere-2eed i previous DQO steps  The stawsuc ar's job 1s 10 review
tre pacl grov~d miov re app-oonzle stausucal aopiicedon to assguctely
sohve e p'oa' = aac develop one 0T mo—e 2ppropnare samphing assigns  Opce Jus s

co™olete iz s ausuct2n wil' co—pare the cos’ and pziomance of the c.fieren samplirg
cesigms Thus p*c»..v car bz brohen down 1nte five axsunc: sieps

Devejoprg a sarre! g design

ol
o
e U

M Review the DQO outputs and exasung envronmea] az.2.

(2) Develop gene-z! samolirg anc anans's azsign 2licnaines and fo- each
cesem aliermatne fomulicts e masemancs] ¢ D7ess10ms peeded 10 sohve tre
@es £5 prob'ems

) "o~ ezch c2sgm al'emauve seec the odumal samoie size tha, szusfes tae

DQ0Os

)

(

s

E®~ Qalfl~
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Figure B - 1. Design Performance Goal Diagram for Cudrium ‘Compliance Testing

(1)

=)

(4) Select the mast mEspurces-effecuve gesign that sausfies 2ll of the DQOs

) Document the operauona} fietarls and theoreucal. assumptions of the selected
aesign in the sampling a4d enalvsis plan

- oo

-

The stzasugian has pantic'pated 10 the DQO Process, so there 1s Do need to
review the DQO outputs farther  The enly exisung data relevant to this problem are
tne pilot srdy data  Based on e pilot study, the incinerauon company bas
determuned that cach Joad of 2sh 1s fawrly bomogenous, and bas estmnated the standard
deviauon in the concentzuon of cadmium within Joads of ash 10 be 06 mg/L.

Lhiernauves ané for each desen
sgons neeced 1o solve the gesien

ene-g! samole and 2nzh s desien
cal exore

Develes g
2bermnz 1ve. fo—™nla:s tne mathama,

problems

Gene-2llv tpe ass gn zliema nvec 2re based on & combihzyon of des'gn
ob 2ztnes developed 1n previoss DQO steps and lnowledge of stizasucal parameres

L e
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aboui the medium or contarunant  Below are four examples of possible designs that
could apply to the case study

(2)

E®L QarSL

Simple Random Sampling — The simplest type of probabibry sample 1s the
simple random sample With thus type of sampling every possible point 1n
the sampling medium bas an eouval chance of being selected  For this reason
the aistnbunon of the sample measurement 1s expecied to be representauve of
the medivm  Simple random samples are used pnmanly when the vanance of
the medium 1s relatively small and the cost of analysis 1s relauvely
inexpensive Simple random sample locauons are gencrally developed
through the use of a random number table or through computer generauon of
psevdo-random numbers Tbe number of samples 1s fixed

In the case of the cadmium-contaminated ash a fixed number of g-ab
samples would be tahen and analyzed separately For thus problem, standard
1ab sphits and QC samples would be talen according to standard procedures
for the RCRA program The samples would be chosen randomly in three
dimensions A t-test 1s suggested as a possible method fo- tesung the
statisucal hypothes's

For each container, the rollowing moael 1s applicable for 2 simple random
sample design

y,=p+b=m+39

where

v, = 1 obsenauon

u = true mean

o) = bias 10 measuremen’

, devia son from p for the 1¥ obsemvaton (natura! vanzhihin
3, = deviauon trom g -+ 7, fo- the 1¥ obsen auon
(analyuc/measurerasn. error)

In thus simplistic example the bias 1s assumed to be zero (b=0) and that
7, and §, cannot be dicunguished dunng sampling and aralvsis
Therefore tne model wil reduce to

= ;" obsenauon
Tue mean
= .0.2] aeviauon 1o p for the 1¥ observaaon

Mo -
]

2-@ e22" £ 15 independendy distnouted wid 2 mean of 0 anc 2 var-arce
o C

s
\O
5
'
1
}
1
!



®)

(c)

Composite Szmpling — Thus type of sarphing consists o talung mu'uple
sampjes, physically combunng (composiing) thém, and drawing one or more
subsamplgs for analys:s. Composite wnph:s are 1aken’ primanly when an
averapge concentration 1S sought and there 15'no need to ¥ detect peak
concenwrauons By composiung the samples, mscgchers are able to sample 2
large- number of Joczuons than 1f compositing wes nét-used, ~and also reduce
the cost of analysis by combiming the szmples togemzr

In the case &f the cadmium-contarunated ash, a fixed sumber of grab
samples would be 1ahen and composied. The nomber of grzh samples
con.2'ned 18 2 composite sample (g) is also fixed To determune samphng
locauions within the compesite, 2 contayner would be divided mio "g" equal-
volume sirais and sainples wopld be chosen rindomly within each strata,
Strat2 would be based o Jocation 10 ensuse full coverage of each contamer
Stancard laly spliis and QC samples would-be taken-according 10 sizndasd
procedures for the RCRA program A t-tsshas sugpesieC es the possible

nethod for tesxmg :hg stausdeal h) no.hes:s For czch cnmun... ne

------ . B

A
- e - T T e
wnere . T oo -
y, = .° obsenauon (1, composie sample) :
¥ = wue mean - .
£, = déavizuon from p fo- the ® gasewa"ea £ue 10 garoral vanabisn

= asvizuon irom p for ne 1 obsen awon Gue fo vanzbilin within
ezch composite

-

- £ o

Each € and & 15 2ssumed 10 be incependenily distnbu ed: with 2 mean 07 0
znd vanances of 6.7 and G respecuveh

Ssquenual Samplmg — Seguenual samphing involves melurg several rounds
of sa2mpling 2na apalvsis A seasues) test-is performed 2fier e2ch analvas 10
aie 2 07 0/ tarse’possidle decisions  Ferect the aull bvpothests docen,
rull hypohes's o- collect mors samples Tius Ss2tegy is apdhranle when'
sampling a5d/o- analvs s costs are cugh, whe~ ¥yormanon concermng
sa=—ohng and/o- measurem™e= na:-"mh‘\ ts laziong wnen the waste and stz
chatac'e~sucs 07 ,erest 272 sizb = gver s ume f-zme o the samphing

efom 2rd w ')"x tonzcwe O e szpling 15 10 128 2 s.ng;. byﬁcm:s*s
By aiu-g szmnle]ap $2QUenNcs, (1S reseattasy czn nola gowr the cos o°

-

szl ne aro anhvsts

-

-

I tne case o the cadr o -tonjemunz'ed ash e gu- rual 970520
arrc'e cap be Deromed Tre szmoles 1f each samwplng roans woo'c os
s-on

chOose™ ~ango™\ un Ures gimer

C L wedes0m 0 S 0D s2mIn’ N2 Ny
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not been made before the number of samples reouired for the simple random
sample are 1zhen sampling would stop at thus point and the sumple random
sample test would be performed Standard lab sphts and QC samples would
be talen according to standard procedures for the RCRA program  An
approximate rauo test would be used after each round of sampling 1s

B complete to decide w hather or pot to conclude that the waste 1s bazardous or
to continue sampling For each container, the following mode} 1s applicable
for a s\stemauc sample design

3yE=HTE
where
y, = 1" observauon from the }* samphng round
B = truec mean
[ = deviauon from p for the 1™ obsenauon (natural vanability) from tne

1)

J¥ samphing round

Each € 15 2ssumed to be independently aistnibuted with 2 mean of 0 and a
vanance of G

(d) Stratified Random Samplirg — Straufied sampling wmvolves dividing tne
study arez 1nto ™ 0 or more pon-overlapping subsets (strata) wluch cover the
enure volume to bz sampled These straz should be defined so that physical
sarmples withi~ 2 stratum are more sirdar to each oder than to samples from
other strata Samphng depin concentration level previous cleanup attempis
ang confound ng cortamunan's can bz used as the basis for creaung strata
Once the stratz heve peen azfined each stratum 15 then samplea separately
us-ng one of the 2bove designs Strauficauon can be used to ensure that
1mporiant areas of 2 site are represented win the sample In addiwon 2
staufied ~anoom samp's mav provide mors precise esumaies of contzrmnant
levels than nose ob.2inea from a sumple rancom sample  Even with
imperiect inforauon 2 siraufied sample car be more cost-efiecuve

S-nce the ncineration company has alreadv determned that Yach load of
ash 1s fairlv homogenous straaficzuon doss no. bave any 2avanages over a
sunole rancom sample In addiuvon swoce the company has dzciazd to test
cach waste Jozgd mnaivicually befors it lezves the faoihin swacfing each
waste Joad woula pe aiffcult 2nd unnecessany  Therefoe thus sampling
oes'gr will not be consioered

1 Inteues Ty

-
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(3)

The formula for determumng the sample size (oumber of samples to be
collected) 1s chosen based-on the hypothes:s test and sample design  Standard
formulas can be found 1n several references, including .

Cochran, W 1977 Samphpg Techmiques. New York. John Wiley

Desu, MM and D Raghavarao 1990 MM&M&& Drego, CA
Academic Press . -

Gilben, Richard O 1957 Stasucal Methods for Envirpmmental Polluuon
Monnonng New York. Van Nestrand Reinhold. .

U S Environmental Protecuon Agency 1989 Methods for Evaluaung the Agunment
of Cleanup Standards Volame 1 Soils and Sohd Medie. EPA
. 230/02-89-042 Office of Pohcy, Plannipg 2nd Evzluation.

U S Environmenial Protection Agency 1992 Methods for Evaluating the. Ananment
~of Cleanup Standards: Volume 2. - Groond Water: mmkﬁmt
Office of Pobicy Planming and Evaluauon

‘Fhese formulas can-also.be found an.manv basic stzusiics. textboghs.
Dif1erent fo~nutes are necesszn for each sampimg desigh, for each™parameter and for
each stausucal «est  These formulas are generzlly a funsuon of a, B the detecaon
difierence A, anc the siandard deviauon ¢

Fo- éxampie, a formula for computing the sampmsszzc necesszn 10 mee* the
DQO constraints for companng 2 mean agamnst 2 regulatory thgsbold. usig Nogmahty -
and samphrg using simple random sempies 15

6z ,-2,.)* - G (Z nz; }3
= -0 5(2. )= 22 3%+ 5(2, )2
: (U-RT)*< (Z: ) At 12,

where
= pumber of sampoles
z = stzncard noal values (from s.andard saasucal tapies), ‘
U = mummum deswrec cetecion pomat 12 eage 07 £ r=gion),

3

RT = regu'a0my ureshold 107 tesarg agaimst 2 sazncad ¢ 2cu07 leve!d

2 lrtzar Lo
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Simnle Random Sample — Using the fomula above 1 was deterrmned that 37
samples are necessar) 10 achueve the specified limts on decision errors  In addition
this sampling plan sausfies all the DQOs including budget schedule and pracucal

constraints

Composite Sampling — To dztemune sample sizes for a composite sample 1 1s
pecessary to compute the number of composites samples r the number of samples g
within each composite, and the pumber of subsamples, m, to be measured for each
composite Usually m=1], bowever, since thus design 1s to be used repeatediv 1t 1s
suggested tha two subsamples from each composite sample be measured to esumate
G;, which car then be used to re-opumize the number of samples m and g

For a composite sample, with random sammple Joczuons it has been
jeterruned that eight composite samples of eight samples each are sufficient 1n order
10 mee. the limuts on decision erros that have beep specified It 1s recommended that
v o subsamples be tahen from each composite sample to give an esumate of the
within-composite vanzbility Then the sample design can be re-esunated znd made
more esficient Thus oesign 1s more tran sufficient to aclueve the spzcifiec imuts on
cscision errots  In acaiion this sampling anc analhvsis plan sausfies 2ll tne DQOs
icjuairg budget scheawse, and practical constraints

Seopertz! Samoling — For a sequenual sample there 1s no fixed sample size, but tae
e~declec sampo'e sizes car be computed The ave-age sampie size sor concludag tha
b1t waste 35 razerdous 18 Y6 The average sampre s.ze fo- conclucing the waste 1§
no~rzzarcoas 's 22 In zao,aon this sampirg pian szasiies 2li the DQOs mcivanz
bacget scnedule anc przsucel constraints

2 s (M MQS* TeSOUTCAR-2* eotinve gesien tha, sevsTes all of the DD

W

Co—ozre a2 ove-zl] e~fizve~oy of each mioas! 2ne choose tne one Bz w 11 sohve the

L

p-odlem most etes 1vely
Models Applied to the Case Study
Each o7 tne follow'ng azs'gns wil] be evaluarea Jor toe case stucy exampie

S:m—ple Pzage™ Sarmp! ng — A sicnie rangom scmpling scheme cz- be ypmolementsd
0™ eacr Joac ¢ v 2sn by [irsc generzurg three-Cumensiomal 2000 S2ImDUINE DO 7S
Trus car moes- ezsidy be 0one DL us'ag 2 compwe~  Samples can then be tar2n vsing &

SP2lie. £720 szmpier Wush Wil be romced 1r o he zem openel 10 lake e samo's

tres cioses and emovec G ne ariculn wis gus o2 of szmoung schimzas L it
18 ¢ “ficL! 'o reasure sampa-g leczrons 1o three domsnsto2s ang ' 2y be oot
10 ga.n 2ccess 10 tne co—es Smolrg locauons

lst= = Fre
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Thus design meets all of the required limuts on decision errors “Sisee 3 .n samples need
10 be taken and analyzed, the cost of this design 1s

Costgps =37 x §10 + 37 » S150
= £370 + $5550 = $5920

Composite Samphing — Compossie samphng will be perfonmd: sifular]y 1o simple
random samphng except that 2fier 8 samples are collected, théy will be lumped
together and homogenuzed. Sample ahquots for analysis wjli be drawn from the -
homogemzed mxture Thus process will be repeated aght*ﬁm:s untl 64 sgmples have
been collected

Thus design meets all of the required limuts on dec”i:wnE erfors. The cost of
this design 1s based on the cost of selscung (S10) and an#lyzing {S150) & sample.
Exght samples w1l be used to make cach composiie samglié Tor 2 Santipling tost 6f
S80 rwo subsamples will be anaivz2d from thzscom;g!;&npk for 2 cosi of $300
Therefore, each composste sample wall cost £380. %zhﬂmai&rﬂ;ﬁg&m S

he »

Cost = 8 x $380 = £3040

Segueniz] Szampling — Sequenual sampling will be perfémed ?izmzf;rl\ to random
sampling The pnmary differsnce 15 tha, the ulumate numb¥r of samples wzl} be
deizermuned by the results of one or more samphngrounds . &

- ¥ T e

Trus desigr has the potenu2] to reduce the numbez of s;mples recured 11 the
mple rancoT sampung design-ant sul mmmmmm‘s JThe pa.sabl:

€OSiS OF (ne WO 0es'S10NS &re useG below i

Tne ash 1s hazardous 16 x (8160) = §.
The asn 's non-hazerdous =2 x (§160) = §3,

N
to 10
2
¥
§a,

< -
To dsterrune the expecred ¢0s. ssumats the number of loads of ash that
should e s29i 10 2 RCR2 fazi' n versus the number of loads that car b2 s2m 10 2
mumais! faziha Suppose 236 of the Joaas 2-= hezaroous and should be seat to 2

RCRA facihty  Then the expecizd cost (ECg;) 0 thus ossign should be
ECgs = 025 x (cost of RCRA aisposal) + { 075 x cost-of mumeipal disposal)
=025> (S2560)-075x(83520) = $3280

Becavse tne sumore rendom SAMD ing 0281£D reguises that many saiiples be
s2lenzra @ z. z..'1 115 ;meinee for the goals of tes stwdy Samoung wi'l Cos.
a1mos 28 rrack 1o gsemune wns s e waste '8 Bas.rG0us Or:DORNEIATCOLS 25 I

wooil €08 ic sers ol the wzste (0 2 RCRA Forzrzoos waswe land ™)

EF& QWG~ B-1s . Le-r &

) e o




Page3Q of 2 Pages

The sequenual sampling design 1s mo-e cost-effecuve than the siumple random
samp'ing design The porznual savings over sending all waste to a RCRA hazardous
waste facility 15 $6 750 - §3 280 = $3 470 The site owner has expressed disapproyal
for this sampling plan because of the ume 1t may take before 2 ascision can be made

- If the ash was not homogenous within a container however thus sampling design may
be the design of choice

The composite sample design 1s the best option It 1s the most cost-effecuve
esign and requires the Jz=ast amount of tme 10 implemen* In addiwon the use of
strata ensures full coverage of each container 1t 1s recommended tha. each of the
eight composiie samples have two subsamples analvzed In the future afier sufficient
datz have been collected to esumats the proporuo~ of nazardous contamners to non-
hazardous containers and to esumate the vanab.im withuin each composite sample 1t
will be possible to re-opumize the sample size

(5) Document the opsranona! getails ang theorstical assumpuiore of the selectec desien in
the sarphirg and anah i< plan

A compos'te sample design should be vsed to determune whedher each
container of ash shouid be sent to 2 RCRA landfill or to 2 municipal landfill Eight
cormposite samples consisung of eigh® g-ab szamples shouié be take~ from each
container and two subsamples fromn each composite wil' be analyzed a' the laboratorv
To fo—n the composite samples, the contziners well be drvidec nte eight srz.z of
eoudl size ane o1e grab samole wil] pe tahen rangomlv wicun each stratumr ana
composited  Samdie Jocanons will be generarec -angory' using computer-gensrated
rancoT numdes  The moge! assu™es thg’ e vanzd I wItLr 2 compos'ie samole
1s neghigible  Data 1rom the sudsampies can b2 LseS 1o 12§t tus assunduon ans oake
coTecrons 1o the mogel

Bevond the DQO Process - Evaluation of the Design using the DQA Process

For dus studv tre ca @ were collecied using the co—pos 12 saoling czsign Once e
samD 2s were colietiec and analvzed the cziz was evaluz'ed stzasacally and scierufically
using the DQ~ Prozess to wrspecu fo- scienufic ano~al 25 conilrr thz the mode)
2SSUTIPUO™S were comes  s2led ¢ staasucal test ang ver ) Whar Lhe 1esi assumpuoas such as
C.STbLuO™ and 1naedenoense can be met  Fo- thus study 2 t-test sz2asfiza e DQO and
1nsozcaor of the da2 1ncicated tha' there wes no rezson t¢ beheve thz- the da.z was not
po= I discmduted o tpat thee was co—clauon pemwee~ calz porns ATMer three weehs of
sampbing coproximz'eh 30% o the wasie 10a0s Jeav pg the wmcine~z.0r were 1ound 10 have
bozz-goac concentTiic™s of ceaz~uae™ = tre T ast T2 sarplirg ges'g was asisrumec (0
bz cos' eflecave becauce tne comd nes cos o samD g arc aisdosa) was Jess than sena.ag
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APPENDIX C

GLOSSARY OF TERMS

action level the numencal value that causes the decision maker to choose one of the
alternauve actions (e g comphance or noncomphiance) It may be a regulatory
threshold standard such as a Maxumum Contarmunant Level for dnnhung water, 2 nsh-
based concentraion Jevel a technological hmitauon, or reference-based standard

bias the systemauc or pers'stent distoruon of 2 measurement process which causes €rrows 1n
one direction (1 ¢, the expected sample measurement 1s different than the sample s
true value)

boundaries the area or volume (spaua! boundary) and the tme pznod (temporal boundary)
to which the decision will apply Samples are collected within these boandanes to be
representative of the populauon of interest for the decision

Data Quality Assessment (DQA) a process of stausucal and scienufic evaluauon that 1s
used to assess the yalidity and psrformance of the datz collecuon design and stausucal
tes® and to establisk whethe- a data set 1s adequate for its intended use

Data Quahty Objectives (DQOs) aualitauve and ouanutative siatements derived from the
outpurs of eacn siep of the DQO Process which speeifv the study objecoves aormain
I'~utauons tne mos' 2poropazte npe of datze to collect ana specifv the Jevels of

aecision e—or tha! w.l] be acceptable for tne decision

Data Quabtv Objectives Process A Qualin Management too' basea on the Scienufic
Method anc aervelooed by the U'S Enpvironren.al Proiecton Ageney to racihitate the
planning of enyironmen.al daiz collecuon acuvines Tbe DQO Process enables
p'anne-s to focus we'- planning ¢f071s by speciiing the use of the daw (the aecision)
tne decrsion cntemiz (acuon Jevel) and the ascision maker s zccep.zble decision error
rates Toe proaucts ot tne DQO Process are the DQOs

decision errovs
false positive error — The false posiuve evor occurs whea daiz muslead 2 decision
maker 1010 behieving tnat toc buraes of proo 1n a hypothesis test nas been sausfied so
thai the null bvpothes's 1s erroneously rejectea A statusucian usually refers to the
fa.se postuve e70- 2s aloha (&) tne leve] of s'gniccance s.ze of the cnuzal region 0
a2 Tvpe ] e—o- aspenging LDOD 11§ Drecise use
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false negative error — The falsg pegauve error occurs when éa.a raslead the

dec s;on maler 1nto-wrongly concluding that the burden of proof in 2 bypothesis test

hzs not been sausfied so that the null hypotbesis is accepted A stausucian usually

refers to ths 2s beta (B), or 2 Type II ervor, depending; on 1ts precise use. Itis also
- known as the complement of Power

defensible the ahility to withstand any reasonable challenge related to the veracity or
iptegnty of Jaboraiory documents and denved data.

gra‘ region an area that js 2djacent to or contains the action level, and where the
consequences of malung a decision error are relatively small

Limits on decision errors® the acceptable decision error raies establistied by the decision
maler Economuc, hedlth, ecological, political, and social consequences shou}d be
considered when sefung Linits op decision erro-s.

mean - the anthmeuc average-of & Set of values s L. v
measurement error- the difference between the tre or actual stxte agd that which 1s
reporied irom mezsuremsnts

median the muadle value for zn ordered set of n values; represented by the centra} value
when n 1s odd or by the 2veage of the two most ceniral values when 5 1s even

mealum 2 ssbs.znce (e g, 2w, water, soil) which senves as a carrier of the analyies of
nieres

natural variabihity the variabibrv that is wmherent o patural o the ned.a-objects, or pzople -
oe'ng studied

parameter 2 numenca! descriptive measure of 2 populanon -

percentile 2 value on 2 scale of 100 that 1ndicates the percentage of a distnbuuon that 18
caual to or bzlow it -

planning team the groud of pzople that will carmy ow the DQO Process Members inclnde
the decision meker [ssruor manager), representzin s of other date users, ssor
prog-am zna techrucal st2f, scavor managers (decision makers), sozicons with
staasuczl eapeuse, 2na 2 QA/QC advisor (such 2s 2 QA Manager)

population the toiz! collesuon of objects or paopie to be studies 2nd from which a samole
1S 10 D2 drzwn
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pover function the probability of rejecung the null by pothesis () over the range of the
populauoa The power ruocuon is used to assess the goocness of 2 test 0- 1o compare

™0 compeung tests

quality assurance (QA) an integrated sysiem of management actnsues wvolvirg planning
cuality control, quality assessmzni reporung and guahity umproremen: 10 ensure that a
product o~ senice (¢ g environmente] da2i2) meets defined standards of qualiry with a

stated leve] of confidence

Quahty Assurance Project Plan (QAPP) =2 fomal techmcal document contaiming the
e1z1)ed procedures for assunng the ouahty of environmental daia prepared for each
EP4 environmental aatz collecuon acuvity and approved pnor to collecung toe da.z.

quality control (QC) the overall sys'em of techmcal activiues whose purpose 1s to measure
and contro] the quality of a2 product or service so that it meets the needs of users  The

a;™ s to provide quahity that 1s sausfactom agdeguare, dependable, and economucal

Quahty Management Plan (QMP) 2 formal document asscnibing the managemsznt policies
objecuves pnnciples organ.zauonzl zuthonn, responsibihties accouriab'kn and

umplemenration protocols of ar 2gensy, o-gamzauos o~ labo-atoy for ensunng aquzhy
In EPA QMPs zr= suomutted to QAMS for

in 1ts produsts anc unility to 1ts user

aporova!

range the nurenca G:fference bemween the ~Lmimum anc maxmum 0” z sz, of  zlues
'sample z single 121 0- specimen [-om e larger Who £ 07 grous such as any single sample

0. &0y mecidm (217 wares so
sro— 2 sizusuczl ponalzao~ whose prope-ues are stuaied 10

"sample 2 group of sampies
1 the whole

gz7 1n‘orauon apou
sample va=iance z measure 07 the € sDers'on 07 & s2i 0. velues
sampling tre process o ob.airing 2 subsel 0° measuremenrs ‘rom 2 pooulzuon

sampling erro~ the £~o- ¢us 10 o0se~.~g o7 2 hmuise romdz” 05 e to.zl possible
\Jupes that male vp e pooulauon being stwaiee I shouic be cxsargursnec rom
e—o< qus © 1mpefect selecuc b 2s 1» resoorse a2nd eiTeTs of oosemauon

ese trorman - ~amAEs o ot~
egrsarem™men QT eS0T l: i

s.erca~d cevanior
{re s2rmpie mear 07 swensotl
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study design: A studv design specsfies the final configurauon of the environmental
momlmng cfion ta sausfy the DQOs T includes the types of samples or momionng
info-trauon 10 be collected, where, when, and under what coriditions they should be
collected, what vanables are 16 be measured, and the Qualin Assurance and Qualin
Control (QA/QC) components that cnsure acceptable sampling ervor and measurement
error 10 meet the dzci1s10n ervor raies specyied in the DQOs  The study design’is the
panc.pal part o” the QAPP -

-

-

total study error the sum of all the errors that are hcurred during xbc process of sample
esign through daia reporung  Total stdy error 1s related to gecxsmn"crro;

true bewng in accord with the actual sute of affars

-~

« W

.2

Tvpe I error mmmmmmdmgaaﬁmwhxmsm A Type lerror -
ozcurs when 2 decision maker rejeets the null hypotbesis (decitles thar the m&l
hypothesis 1s false) when it1s acrually true 5 -

Type Il errer 2n errar thyt can occu- duting a sutistical hvpmhesxs test A Type 11 ervor
occu-s when the dscision madier aceepts the rull hypotiesis (aec:d-s tha. the null
hypo.hes's is true) when 1t 15 actually false

- £

uncertainty. 2 measure of tne tot&} vanzhibn 2ssociatad with samolipg and msasurgmian,
tha: 1ciudes the two majer error coponspts 5y sremadic erm. ('b 25) ang rindom
eror (imprecisien)
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