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Key Analytical Planning Issues ... 

68 during the resolution of key analytical planning issues are documented, and that these 
69 assumptions are incorporated into the appropriate narrative sections of project plan documents. 
70 Documenting these assumptions may help answer questions or help make decisions during the 
71 implementation and assessment phases of the project. 

72 3.3.1 Develop Analyte List 

73 From an analytical perspective, one of the most important planning issues that should be 
74 addressed very early in a directed planning process by the project planning team is the target 
75 analyte list-the radionuclides of concern for the project. For many projects, data are available 
76 from previous activities for this purpose. Four possible sources of information are ( 1) historical 
77 data, (2) process know ledge, (3) previous studies, and ( 4) information obtained from conducting 
78 a preliminary survey or characterization study. Although discussed separately in Section 3.3.3, 
79 the identification and characterization of matrices of concern is often done concurrently with the 
80 development of an analyte list. 

81 Historical data are one source of existing information. Many activities associated with 
82 radioactive materials have been well-documented. For example, activities licensed by the 
83 Nuclear Regulatory Commission (NRC) or NRC Agreement States normally generate much 
84 documentation. Chapter 3 of MARSSIM (2000) provides guidance on obtaining and evaluating 
85 historical site data. 

86 Another source of existing information is process knowledge. Some sites are associated with a 
87 specific activity or process that involved radioactive material, where the process was well-
88 defined and the fate of the radioactive material in the process was known or controlled. Examples 
89 include uranium and rare earth ore processing, operations at Department of Energy (DOE) 
90 weapons facilities, and operations at commercial nuclear power plants. (See Section 6.5.2 of 
91 Chapter 6 for additional discussion on process knowledge.) 

92 A third source of existing information is previous studies. Similar projects or studies of related 
93 topics can provide valuable information during a directed planning process. Previous studies may 
94 provide useful information on background radiation. Many radionuclides are present in measur-
95 able quantities in the environment. Natural background radiation is due both to primordial and 
96 cosmogenic radionuclides. Anthropogenic background includes radionuclides that are ubiquitous 
97 in the environment as a result of such human activities as the atmospheric testing of nuclear 
98 weapons. Natural and anthropogenic backgrounds can be highly variable even within a given site. 
99 It may be important to consider the background and its variability when choosing an action level 

MARLAP 
DO NOT CITE OR QUOTE 3-4 

JULY 2001 
DRAFT FOR PUBLIC COMMENT 



Key Analytical Planning Issues ... 

285 been considered in the estimation of the measurement uncertainty and, if not, that any appre-
286 ciable bias would only be detected after a number of measurements of QC and performance 
287 evaluation samples have been performed. MARLAP provides guidance on the detection of bias, 
288 for example, during analytical protocol validation and evaluation (Chapters 6 and 7). However, 
289 the most likely time to detect, and possibly correct, an unanticipated bias is during data quality 
290 assessment (see Chapter 9). 

291 While MARLAP does not provide specific guidance on developing MQOs for the DQis, estab-
292 lishing MQOs for the DQis may be important for some projects. EPA Guidance for Quality 
293 Assurance Project Plans (EPA, 1998) contains more information on DQis. MARLAP provides 
294 guidance on developing MQOs for method performance characteristics in the next section. 

295 3.3. 7.1 Develop MQOs for Select Method Performance Characteristics 

296 Once the important method performance characteristics for an analytical process have been iden-
297 tified, the next step is to develop MQOs for them. This section provides guidance on developing 
298 MQOs for the method performance characteristics listed in the previous section. As noted, other 
299 method performance characteristics may be important for a particular analytical process, and 
300 MQOs should be developed for them during project planning. 

301 METHOD UNCERTAINTY 

302 While measurement uncertainty is a parameter associated with an individual result and is calcu-
303 lated after a measurement is performed, MARLAP uses the term "method uncertainty" to refer to 
304 the predicted uncertainty of a measured value that would likely result from the analysis of a 
305 sample at a specified analyte concentration. Method uncertainty is a method performance charac-
306 teristic much like the detection capability of a method. Reasonable values for both characteristics 
307 can be predicted for a particular method based on typical values for certain parameters and on 
308 information and assumptions about the samples to be analyzed. These predicted values can be 
309 used in the method selection process to identify the most appropriate method based on a project's 
310 data requirements. Because of its importance in the selection and evaluation of analytical proto-
311 cols and its importance in the evaluation of analytical data, MARLAP recommends that the 
312 method uncertainty at a specified concentration (typically the action level) always be identified 
313 as an important method performance characteristic, and that an MQO be established for it for 
314 each analyte. 

315 The MQO for the method uncertainty at a specified concentration plays a key role in MARLAP's 
316 performance-based approach. It effectively links the three phases of the data life cycle: planning, 
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Key Analytical Planning Issues ... 

317 implementation, and assessment. This MQO, developed during the planning phase, is used 
318 initially in the selection and validation of an analytical method for a project (Chapter 6). This 
319 MQO provides criteria for the evaluation of QC samples during the implementation phase 
320 (Appendix C and Chapter 7). It also provides criteria for verification and validation during the 
321 assessment phase (Chapter 8). The use of the project-specific MQOs for the method uncertainty 
322 of each analyte in the three phases of the life of a project, as opposed to arbitrary non-project-
323 specific criteria, helps to ensure the generation of radioanalytical data of known quality 
324 appropriate for its intended use. 

325 The MQO for method uncertainty for an analyte at a specified concentration, normally the action 
326 level, is related to the width of the gray region. The gray region has an upper bound and a lower 
327 bound. The upper bound typically is the action level. The width of the gray region is represented 
328 by the symbol/'1. See Appendix B for information on setting up a gray region. 

329 Appendix C provides the rationale and detailed guidance on the development of MQOs for 
330 method uncertainty. Outlined below is MARLAP' s recommended guideline for developing 
331 MQOs for method uncertainty when a decision is to be made about the mean of a population 
332 represented by multiple samples. Appendix C provides additional guidelines for developing 
333 MQOs for method uncertainty when decisions are to be made about individual items or samples. 

334 If decisions are to be made about the mean of a sampled population, MARLAP recommends that 
335 the method uncertainty (uMR) be less than or equal to the width of the gray region divided by 10 
336 for sample concentrations at the upper bound of the gray region (typically the action level). If this 
337 requirement cannot be met, the project planners should require at least that the method 
338 uncertainty be less than or equal to the width of the gray region divided by 3 (Appendix C). 

339 EXAMPLE 

340 Suppose the action level is 0.1 Bqlg and the lower bound of the gray region is 0.02 Bqlg. If 
341 decisions are to be made about survey units based on samples, then the required method uncer-
342 tainty (uMR) at 0.1 Bqlg is 

343 
1'1 

10 
O.l - 0·02 = 0.008 B I 10 qg 

344 If this uncertainty cannot be achieved, then a method uncertainty (uMR) as large as 1'1 I 3 = 
345 0.027 Bq/g may be allowed if more samples are taken. 
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346 In the example above, the required method uncertainty (uMR) is 0.008 Bq/g. In terms of method 
347 selection, this particular MQO calls for a method that can ordinarily produce measured results 
348 with expected combined standard uncertainties (1cr) of 0.008 Bq/g or less at sample concentra-
349 tions at the action level (0.1 Bq/g in this example). Although individual measurement uncertain-
350 ties will vary from one measured result to another, the required method uncertainty is effectively 
351 a target value for the individual measurement uncertainties. 

352 OUTPUT: MQOs expressed as the required method uncertainty at a specified concentration for 
353 each analyte. 

354 DETECTION AND QUANTIFICATION CAPABILITY 

355 For a particular project, the detection capability or the quantification capability may be identified 
356 as an important method performance characteristic during project planning. If the issue is 
357 whether an analyte is present in an individual sample and it is therefore important that the 
358 method be able to reliably distinguish small amounts of the analyte from zero, then an MQO for 
359 the detection capability should be established during project planning. If the emphasis is on being 
360 able to make precise measurements of the analyte concentration for comparing the mean of a 
361 sampled population to the action level, then an MQO for the quantification capability should be 
362 established during project planning. 

363 Detection Capability 

364 When decisions are to be made about individual items or samples (e.g., drinking water samples), 
365 and the lower bound of the gray region is at or near zero for the analyte of concern, the detection 
366 capability of the method is an important method performance characteristic, and an MQO should 
367 be developed for it. MARLAP recommends that the MQO for the detection capability be 
368 expressed as a required MDC (Chapter 19). 

369 Outlined below is MARLAP' s recommended guideline for developing MQOs for detection 
370 capability. Appendix C provides the rationale along with detailed guidance on the development 
371 of MQOs for detection capability. 

372 If the lower bound of the gray region is at or near zero and decisions are to be made about 
373 individual items or specimens, choose an analytical method whose minimum detectable 
374 concentration is no greater than the upper bound of the gray region. 1 

1 TI1e MDC is defined a<> the analyte concentration at which the probability of detection is 1 - B. 

JULY 2001 
DRAFT FOR PUBLIC COMMENT 3-13 

MARLAP 
DO NOT CITE OR QUOTE 



Key Analytical Planning Issues ... 

375 Quantification Capability 

376 When decisions are to be made about a sampled population and the lower bound of the gray 
377 region is at or near zero for the analyte of concern, the quantification capability of the method is 
378 an important method performance characteristic and an MQO should be developed for it. 
379 MARLAP recommends that the MQO for the quantification capability be expressed as a required 
380 MQC (see Chapter 19). 

381 Outlined below is MARLAP' s recommended guideline for developing MQOs for quantification 
382 capability. The MQC, as used in the guideline, is defined as the analyte concentration at which 
383 the relative standard uncertainty is 10 percent (see Chapter 19). Appendix C provides the ration-
384 ale along with detailed guidance on the development of MQOs for quantification capability. 

385 If the lower bound of the gray region is at or near zero and decisions are to be made about a 
386 sampled population, choose an analytical method whose minimum quantifiable concentration is 
387 no greater than the upper bound of the gray region which is typically the action level. 

388 If an MQO for method uncertainty has been established, then establishing an MQO for the 
389 quantification capability in terms of a required MQC is somewhat redundant since an MQC is 
390 defined in terms of a specified relative standard uncertainty. However, this method performance 
391 characteristic is included in MARLAP for several reasons. First, it has been included to empha-
392 size the importance of the quantification capability of a method for those instances where the 
393 issue is not whether an analyte is present or not-for example measuring 238U in soil where the 
394 presence of the analyte is given-but rather how precisely the analyte can be measured. Second, 
395 this method performance characteristic has been included so as to promote the MQC as an 
396 important method parameter. And last, it has been included as an alternative to the overemphasis 
397 on establishing required detection limits in those instances where detection (reliably distinguish-
398 ing an analyte concentration from zero) is not the key analytical question. 

399 OUTPUT: If the lower bound of the gray region is at or near zero, and decisions are to be made 
400 about a sample population, MQOs expressed as MQCs should be developed for each analyte. If 
401 the lower bound of the gray region is zero and decisions are to be made about individual items or 
402 specimens, MQOs expressed as MDCs should be developed for each analyte. 

403 RANGE 

404 Depending on the expected concentration range for an analyte (Section 3.3.2), the method's 
405 range may be an important method performance characteristic. Most radioanalytical methods are 
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564 American Society of Testing and Materials (ASTM), Standard Methods for the Examination of 
565 Water and Waste Water (APHAJ A WW A, 1992), methods published in scientific journals, 
566 methods published in laboratory procedure manuals, and those published by Federal and State 
567 agencies. 

568 If there are no known analytical methods that would meet the project's analytical requirements, 
569 the project planning team must evaluate options. They may decide to reevaluate the analytical 
570 data requirements, such as the MQOs, to see if they can be changed to allow the use of existing 
571 methods or increase the analytical budget and project timeline to allow for method development. 

572 OUTPUT: A statement of method availability. 

573 3.3.10 Determine the Type and Frequency of, and Evaluation Criteria for, Quality Control 
574 Samples 

575 There are three main types of laboratory QC samples-blanks, replicates, and spikes. In addition, 
576 there are different types of blanks, replicates, and spikes. For example, spikes can be matrix 
577 spikes, laboratory control samples, external performance evaluation samples, etc. Chapter 18 
578 contains a detailed discussion of the different types of QC samples and the information they pro-
579 vide. Since the results of the three main types of QC samples often are used to evaluate different 
580 aspects of the analytical process, most projects should employ all three types as part of the QC 
581 process. 

582 The frequency of laboratory QC sampling for a project essentially represents a compromise 
583 between the need to evaluate and control the analytical process and the resources available. In 
584 addition, the nature of the project and the intended use of the data will play a role in determining 
585 the frequency of QC samples required. For example, the frequency of QC samples for a project 
586 involving newly developed methods for analytes in a complex matrix normally should be greater 
587 than the frequency of QC samples for a project using more established methods on a simpler 
588 matrix, assuming the intended use of the data is the same for both projects. The radioanalytical 
589 specialists on the project planning team play a key role in determining the type and frequency of 
590 QC samples for a project. 

591 In order to adequately evaluate laboratory data, it is important that the QC samples be clearly 
592 linked to a group of project samples. Typically, this is done by analyzing QC samples along with 
593 a batch of samples and reporting the results together. 
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737 3.4.3 Filters and Wipes 

738 Filters include a wide variety of samples, including liquid filters, air filters for suspended 
739 particulates, and air filters for specific compounds. Once the decision to filter has been made, 
740 there are at least three key analytical planning issues: filter material, pore size, and volume of 
741 material to be filtered. 

742 The selection of filter or wipe material can be very important. The wrong filter or wipe can 
743 dissolve, break, or tear, thus invalidating the sample. Chapter 10 includes a discussion of the 
744 various types of filter and wipe materials. Issues influencing this decision include the volume of 
745 material to be filtered, the loading expected on the filter, and the chemical composition of the 
746 material to be filtered. 

747 The pore size is also important when preparing to filter. Too large a pore size will fail to collect 
748 all of the material that is needed, while too small a pore size may lead to clogged filters and 
749 reduced sample sizes. If an evaluation is being performed of respirable-size particles being 
750 released by a process, the pore size of the filter should reflect this requirement. 

751 The volume of material to be filtered, or area to be wiped, is generally determined by the detec-
752 tion requirements for the project. Lower detection limits require larger samples. Larger samples 
753 may, in turn, result in problems with shipping samples or analytical problems where multiple 
754 filters were required to meet the requested detection limits. 

755 Other analytical planning issues that may be important for a specific project include sample 
756 identification (Chapters 10, 11, and 12), compliance with radioactive materials license and ship-
757 ping regulations (Chapter 11), and background contributions from filter materials (Chapter 12). 

758 3.5 Assembling the Analytical Protocol Specifications 

759 After key general and matrix-specific analytical planning issues have been identified and 
760 resolved, the next task of the project planning team is to organize and consolidate the results of 
761 this process into APSs for the project. In general, there will be an APS for each type of analysis 
762 (analyte-matrix combination). At a minimum, the APS should include the analyte list, the sample 
763 matrix, possible interferences, the MQOs, any limitations on analysis options, the type and 
764 frequency of QC samples along with acceptance criteria, and any analytical process requirements 
765 (e.g., sample tracking requirements). The analytical process requirements should be limited to 
766 only those requirements which are considered essential to meeting the project's analytical data 
767 requirements. For example, if the analyte of concern is known to exist in a refractory form in the 
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768 samples, then fusion for sample digestion may be included as an analytical process requirement. 
769 However, in a performance-based approach, it is important that the level of specificity in the 
770 Analytical Protocol Specifications should be limited to those requirements which are considered 
771 essential to meeting the project's analytical data requirements. The APS should be a one- or 
772 two-page form that summarizes the resolution of key analytical planning issues. 

773 Figure 3.2 provides an example form for Analytical Protocol Specifications with references to 
774 sections in this chapter as major headers on the form. Figure 3.3 provides for the purpose of an 
775 example, an APS for 226Ra in soil for an information gathering project. 

776 3.6 Level of Protocol Performance Demonstration 

777 As discussed in Section 3.3.7.3, during project planning, the project planning team should deter-
778 mine what level of analytical performance demonstration or method validation is appropriate for 
779 the project. The question to be answered is how the analytical protocols will be evaluated. There 
780 are three parts of this overall evaluation process: (1) the initial evaluation, (2) the ongoing evalu-
781 ation, and (3) the final evaluation. This section briefly discusses the initial evaluation of protocol 
782 performance. Chapters 7 and 8 provide guidance on the ongoing and final evaluation of protocol 
783 performance, respectively. 

784 The project planning team should determine what level of initial performance demonstration is 
785 required from the laboratory to demonstrate that the analytical protocols the laboratory proposes 
786 to use will meet the MQOs and other requirements in the APSs. The project planning team 
787 should decide the type and amount of performance data required. For example, for the analysis of 
788 3H in drinking water, the project planning team may decide that past performance data from the 
789 laboratory, such as the results of internal QC samples for the analysis of 3H in drinking water, are 
790 sufficient for the initial demonstration of performance for the laboratory's analytical protocols if 
791 they demonstrate the protocol's ability to meet the MQOs. If the analysis is for 238Pu in a sludge, 
792 the project planning team may decide that past performance data (if it exists) would not be 
793 sufficient for the initial demonstration of performance. The planning team may decide that 
794 satisfactory results on performance evaluation samples would be required for the initial 
795 demonstration of analytical protocol performance. Section 6.6 provides detailed guidance on 
796 protocol performance demonstration/method validation, including a tiered approach based on the 
797 project analytical needs and available resources. 
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Analytical Protocol Specifications 

Analyte List: (Section 3.3.1, 3.3.7 Analysis Limitations: (Sections 3.3.9) 

Matrix: (Section 3.3.3) Possible Interferences: (Sections 3.3.3, 3.3.5) 

Concentration Range: (Section 3.3.2) Action Level (Section 3.3.8) 

MQOs: 
(Section 3.3.8) (Section 3.3.8) 

(Section 3.3.8) (Section 3.3.8) 

QC Samples 

Type Frequency Evaluation Criteria 

(Section 3.3.11) (Section 3.3.11) (Section 3.3.8.2) 

(Section 3.3.11) (Section 3.3.11) (Section 3.3.8.2) 

(Section 3.3.11) (Section 3.3.11) (Section 3.3.8.2) 

(Section 3.3.11) (Section 3.3.11) (Section 3.3.8.2) 

Analytical Process Requirements* 

Activity Special Requirements 

Field Sample Preparation and Preservation (Section 3.4) 

Sample Receipt and Inspection (Section 3.4.12) 

Laboratory Sample Preparation (Section 3.4) 

Sample Dissolution (Section 3.4) 

Chemical Separations (Section 3.4) 

Preparing Sources for Counting (Section 3.4) 

Nuclear Counting (Section 3.4) 

Data Reduction and Reporting (Section 3.3.13) 

Sample Tracking Requirement~ (Section 3.3.12) 

Other 

823 *Consistent with a performance-based approach, analytical process requirements should be kept to a minimum, 
824 therefore none or N/ A may be appropriate for many of the activities. 

825 FIGURE 3.2 - Analytical protocol specifications 
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Analytical Protocol Specifications (Example) 

Analyte List:._2_26_,_R,a,__ ______ _ 

Matrix:_,S""o""i!...l __________ _ 

Concentration Range: 0.01 to 1.50 Bg/g 

Analysis Limitations: Must perform direct measurement of 
analyte or analysis of progeny allowed if eguilibrium established at 
laboratory 
Possible Interferences: Elevated levels of 235U 

Action Level: ---'0"'".::;..5-=:B:;.;:g,.../g"--------

832 MQOs: 

833 A method uncertainty (uMR:L) -"o"'-f-"0_,_,.0'-'4'-'B"'"g""/..cg'-'o""r_,l.=-es""s'-'a=t'-'0'-".5"-'=B'-"g._./g"---------------

834 

835 

836 

837 

838 

Type 

Method blank 

Duplicate 

Matrix Spike 

QCSamples 

Frequency Evaluation Criteria 

1 per batch See attachment B* 

1 per batch See attachment B* 

1 per batch See attachment B* 

Analytical Process Requirements 839 

840 

841 

842 

843 

844 

845 

846 

847 

848 

849 

850 

Activity Special Requirements 

Field Sample Preparation and Preservation None 

Sample Receipt and inspection None 

Laboratory Sample Preparation None 

Sample Dissolution None 

Chemical Separations None 

Preparing Sources for Counting None 

Nuclear Counting None 

Data Reduction and Reporting See attachment A* 

Sample Tracking Requirements Chain-of-Custody 

Other 
851 * Attachments A and B are not provided in this example 

852 FIGURE 3.3 - Example analytical protocol specifications 
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Data Acquisition, Reduction, and Reporting 

982 resulting number of decimal places. For example, a value of 0.8961 pCi/L with an associated 
983 measurement uncertainty of 0.0234 should be reported as 0.896 ± 0.023 pCi/L. The MDC should 
984 be reported to two significant figures (ANSI 42.23, p38). It should be noted that truncation 
985 should only occur in reporting the final results (Section 18.3.6). 

986 17.5.4 Other Information to be Provided on Request 

987 Information which should be documented and retained for provision, if requested, includes 
988 (ANSI 42.23, p38): 

989 • Total weight or volume of the sample submitted and analyzed; 

990 • Identification and documentation of specific analysis processes and analyst; 

991 • Specific analytical parameters, i.e., chemical yields, counting times, decay factors, efficiency 
992 of detectors used; 

993 • Date, time, and place of sampling; 

994 • Sample receipt information; and 

995 • QC data demonstrating the quality of the measurement. 

996 17.6 Data Packages 

997 Project planning documents (Chapter 4) and analytical statements of work (Chapter 5) will 
998 usually define the requirements of the final data submittal. Many projects will specify a data 
999 package which contains not only the data reports described in the preceding section, but other 

1000 supporting information to further describe, document, and define the analytical process. These 
1001 additional requirements may be instituted to provide a basis for data verification/validation 
1002 (Chapter 8), the purpose of which is to confirm that the data meet project quality objectives 
1003 (Chapter 2). Material which may be required as part of a data package is discussed in Chapter 5. 

1 o04 17.7 Electronic Data Deliverables 

1005 Many project planning documents and SOWs require that laboratory data be delivered in 
1006 electronic format, commonly called electronic data deliverables (EDD). This allows the data to 
1007 be directly entered into a project database or, in some cases, into validation programs, and avoids 
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1008 transcription errors. There is no universal format for presenting EDDs, so the laboratory may be 
1009 required to produce them in various formats. While the record structure of the EDD may vary in 
1010 terms of the length and order of the fields, it is likely that the following are examples that may be 
1011 requested: 

1012 • Field Sample Number 
1013 • Laboratory Sample Number 
1014 • Sample Collection or Reference Date 
1015 • Sample Receipt Date 
1016 • Analysis Date 
1017 • Result Identifier (sample or type of QC sample) 
1 o 18 • Radionuclide 
1019 • Result 
1020 • Results Units 
1021 • Measurement Uncertainty 
1022 • Sample Aliquant Size 
1023 • Aliquant Size Units 
1024 • Minimum Detectable Concentration 
1025 • Minimum Quantifiable Concentration (MQC) 
1026 

1027 More information on EDDs may be found at the following websites: 

1028 More information on EDDs may be found at the websites listed here. The U.S. Department of 
1029 Energy EDD may be found at: (http://www.em.doe.gov/namp/pitimp.html) or (http://www. 
1030 em.doe.gov/namp/deemmeet.html). Another EDD that is more general has been developed. It 
1031 is called the General Electronic Data Deliverable (GEDD) and may be found at the website: 
1032 (http://ersmo.inel.gov/edd/gedd.html#Entity Relationship Diagram). The EPA Environmental 
1033 Data Registry may be found at: (http://www.epa.gov/edr/). U.S. Air Force Environmental 
1034 Resources Program Management System (ERPRIMS) website: (http://www.afcee.brooks.af. 
1035 mil/ms/msc_irp.htm) also provides useful information on environmental databases and 
1036 EDDs. 

1037 EDDs may be transmitted by direct electronic transfer, e-mail, or by diskette. 
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2 

8 RADIOCHEMICAL DATA VERIFICATION AND 
VALIDATION 

3 8.1 Introduction 

4 The goal of the data collection process is to produce credible and cost-effective data to meet the 
5 needs of a particular project. The process can be divided into several stages, as illustrated in the 
6 data life cycle (Chapter 1). This chapter is the first of two chapters that address the assessment 
7 phase of the project. Because the efficiency and success of these assessment activities are heavily 
8 dependent on the completion of the preceding steps in the data collection process, especially the 
9 initial planning activity (Chapter 2), the integration of planning and assessment is discussed in 

1 o Section 8.2 prior to presenting material on data verification and validation. 

11 Data verification compares the material delivered by the laboratory to the requirements in the 
12 statement of work (SOW) and identifies problems, if present, that should be investigated during 
13 data validation. Data validation compares the data produced with the measurement quality 
14 objectives (MQOs) and any other analytical process requirements contained in the analytical 
15 protocol specifications (APSs) developed in the planning process. It may not be necessary in all 
16 instances to validate all project data. This chapter outlines a validation plan that specifies the data 
17 deliverables and data qualifiers to be assigned that will facilitate the data quality assessment. The 
18 project-specific data validation plan should establish a protocol that prioritizes the data to be 
19 validated. This is to eliminate unnecessarily strict requirements that commit scarce resources to 
20 the in-depth evaluation of data points with high levels of acceptable uncertainty. For example, 
21 results very much above or below an action level may not require rigorous validation, since 
22 relatively large measurement uncertainty would not affect the ultimate decision or action. 
23 Planners should also identify those samples or data sets that have less rigorous standards for data 
24 quality and defensibility. 

25 This chapter presents suggested criteria to evaluate data and addresses the appropriate function 
26 and limits of radiochemical techniques and measurements. Since calibration is more efficiently 
27 evaluated as part of an audit, this chapter does not recommend that the complete calibration-
28 support documentation be included as part of the data package. MARLAP recommends that 
29 calibration be addressed in a Quality System and through an audit (Chapter 18), although 
30 demonstration of calibration may be required as part of a project's deliverables. Detector 
31 calibration, self absorption curves and efficiencies should be addressed as part of the evaluation 
32 of laboratories during the procurement process and continued during subsequent assessments 
33 (Chapter 7). Availability and retention of calibration records are decisions that are project-
34 specific, but should be clearly identified for contract clarity and to assure project completeness 
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35 (i.e., customer needs met). External sources of information, such as performance evaluation 

36 sample results and internal laboratory control samples, provide useful interim information on 

37 calibration status and accuracy. 

38 8.2 Data Assessment Process 

39 Figure 1.1 of Chapter 1 graphically depicts the three phases-planning, implementation, and 

40 assessment-of the data life cycle, and the associated activities and products of each phase. 

41 While these activities are addressed in separate chapters in MARLAP, it should be emphasized 

42 that integration of planning, sampling, and analysis with subsequent data verification, data 

43 validation, and data quality assessment (DQA) is essential. 

44 This section reviews the data life cycle from the perspective of the assessment phase and focuses 

45 on those issues that have the potential to impact the quality and usability of the data. Section 

46 8.2.1 addresses the development of the assessment procedures during project planning. Section 

47 8.2.2 considers assessment needs for documentation and a quality system during implemen-

48 tation. Section 8.2.3 focuses on the assessment phase and addresses the interrelationship of the 

49 three assessment processes. This introduction to the data life cycle process emphasizes the 

50 importance of linkages among planning, implementation, and assessment. 

51 8.2.1 Planning Phase of the Data Life Cycle 

52 Directed project planning and the development of the associated DQOs, MQOs, and other 

53 specifications for the project were reviewed in Chapters 2 and 3. These chapters emphasize the 

54 need for planners to thoroughly define the assessment processes (i.e, verification, validation and 

55 data quality assessment) in sufficient detail that success or failure in meeting goals can be 

56 determined upon project completion. MARLAP recommends that the assessment phase of a 

57 project (verification, validation, and DQA processes) be designed during the directed planning 

58 process and documented in the respective plans as part of the project plan documents. This 

59 requires the project planning team to develop detailed procedures for data verification, data 

60 validation, and data quality assessment, as well as identify the actual personnel who will perform 

61 assessment or the required qualifications and expertise of the assessors. 

62 The development of these procedures during the directed planning process will increase the 

63 likelihood that the appropriate documentation will be available for assessment, and that those 

64 generating and assessing data will be aware of how the data will be assessed. A secondary 

65 advantage, which assessment plans have, is that prior to their completion, they often result in the 

66 detection of design flaws (e.g., lack of proper quality control [QC] samples, lack of a field audit) 
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67 that upon correction will result in the complete information necessary for the proper assessment 
68 of data usability. 

69 The culmination of the planning process is documentation of the outputs of the directed planning 
70 process in the project plan documents. The project plan documents should capture the DQOs, 
71 MQOs, and the optimized data collection design (i.e., Analytical Protocol Specifications, 
72 sampling and analysis plans, and SOPs). The project plans should also include the assessment 
73 plans as discussed above, and describe the field, lab, safety, and QA activities in sufficient detail 
74 that the project can be implemented as designed. Chapter 4 discusses guidance for the authoring 
75 and content of project plan documents. 

76 If the directed planning process, its outputs (DQOs, MQOs, optimized sampling and analysis 
77 designs), and associated assumptions are not documented well in project plan documents, the 
78 assessment phase will have difficulties evaluating the resulting data in terms of the project's 
79 objectives. 

80 8.2.2 Implementation Phase of the Data Life Cycle 

81 The project plans are executed during the implementation phase. Ideally, the plans would be 
82 implemented as designed, but due to errors, misunderstandings, the uncontrolled environments 
83 under which sampling is implemented, and matrix-specific issues that complicate sample 
84 handling and analysis, most project plans are not implemented without some deviation. 

85 Understanding the realities of implementation, the assessment process, in particular the DQA 
86 process, will evaluate the project's implementation by considering: (a) if the plans were adequate 
87 to meet the project's DQOs, (b) if the plans were implemented as designed, and (c) if the plans as 
88 implemented were adequate to meet the project DQOs. MARLAP recommends that project 
89 objectives, implementation activities and QA/QC data be well documented in project plans, 
90 reports, and records, since the success of the assessment phase is highly dependent upon the 
91 availability of such information. 

92 Documentation and record keeping during the planning and implementation phase of the data life 
93 cycle are essential to subsequent data verification, data validation, and data quality assessment. 
94 Thorough documentation will allow for a determination of data quality and data usability. 
95 Missing documentation can result in uncertainty, and a lack of critical documentation (e.g., 
96 critical quality control results) can result in unusable data. The quality and usability of data can 
97 not be assessed if the supporting documentation is not available. 

JULY 2001 
DRAFT FOR PUBLIC COMMENT 8-3 

MARLAP 
DO NOT CITE OR QUOTE 



Radiochemical Data Verification and Validation 

98 8.2.2.1 Project Objectives 

99 The DQOs, MQOs, and other specifications, requirements, and assumptions developed during 
I oo the planning phase will influence the outcomes during the subsequent implementation and 
I o I assessment phases of the data life cycle. It is important that these objectives, specifications, 
102 requirements, and assumptions are well documented and available to those implementing the 
I 03 program so they can make informed decisions. This documentation is reviewed during the DQA 
104 process (see discussion of the review ofDQOs in Section 9.6.1.1, sampling plan in 
105 Section 9.6.2.1, and analysis plan in Section 9.6.3.1 ). 

I 06 8.2.2.2 Documenting Project Activities 

107 The assessment of data in terms of sampling and analytical MQOs requires an accurate record of 
108 QC sample data and compliance with specifications and requirements. If these records are 
1 09 missing or inadequate, then compliance with APSs, including the MQOs that were identified 
110 during the planning phase, will not be ascertainable and will raise questions regarding quality. 

Ill Additional documentation is required to assess compliance with plans and contracts, and to 
112 assess field and lab activities (e.g., compliance with SOPs) and the associated organizational 

113 systems (e.g., laboratory Quality Manual). This information is gleaned from the review of field 
114 and laboratory notebooks, deviation reports, chain-of-custody forms, verification reports, audit 
115 reports, surveillance reports, performance evaluation sample analyses, corrective action reports 

116 and reports to management that may identify deviations, contingencies, and quality problems. 
117 Assessment of these types of contemporaneous records allow for the assessment of data in the 
1 18 context of pertinent issues that may have arisen during project implementation. 

1 19 Project records should be maintained for an agreed upon period of time, which should be 
120 specified in project plan documents. Record maintenance should comply with all regulatory 
121 requirements and parallel the useful life of the data for purposes of re-assessment as questions 
122 arise or for purposes of secondary data uses that were not originally anticipated. 

123 8.2.2.3 QA/QC 

124 To ensure that the data collection activity generates data of known quality, it is essential that the 

125 project plan documents specify the requirements for an appropriate quality system that is capable 

126 of implementing the quality controls and the quality assurance necessary for success. 
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127 The quality system will oversee the implementation of QC samples, documentation of QC 
128 sample compliance or non-compliance with MQOs, audits, surveillances, performance evaluation 
129 sample analyses, corrective actions, quality improvement and reports to management. The 
130 documentation generated by these quality assurance activities and their outputs during project 
131 implementation will be a key basis for subsequent assessments and data usability decisions. 

132 8.2.3 Assessment Phase of the Data Life Cycle 

133 Assessment of environmental data currently consists of three separate and identifiable phases: 
134 data verification, data validation, and DQA. Verification and validation pertain to evaluation of 
135 analytical data. Verification and validation are considered as two separate processes, but as the 
136 MARLAP recommended planning process is implemented, they may be combined-with the 
137 verification activities constituting the bulk of the review. DQA considers all sampling, analytical, 
138 and data handling details, external QA assessments, and other historical project data to determine 
139 the usability of data for decision-making. 

140 Figure 8.1 is a graphical depiction of the assessment phase. Although, it portrays a linear 
141 progression through the various steps, and from verification and validation to data quality 
142 assessment, this linear advancement is not entirely necessary. It is possible for parallel progress 
143 within an assessment process (e.g., existing documents are verified while waiting for the 
144 production of others) and between assessment processes (e.g., analysis of the DQOs for data 
145 quality assessment while data validation is being completed). Typically, the focus of verification 
146 and validation is on the analytical process and on a data point by data point review, while data 
147 quality assessment considers the entire data collection process and the entire data set as it 
148 assesses data quality. 

149 Analytical data verification assures laboratory conditions and operations were compliant with the 
150 SOW based on project plan documents. The updated project plan documents specify the 
151 analytical protocols the laboratory should use to produce data of acceptable quality and the 
152 content of the analytical data package (see MARLAP Process in Chapter 1). Verification 
153 compares the analytical data package delivered by the laboratory to these requirements 
154 (compliance), and checks for consistency and comparability of the data throughout the data 
155 package, correctness of basic calculations, data for basic calculations, and completeness of the 
156 results to ensure all necessary documentation is available. Verification can be accomplished 
157 through use of a plan or simply a check list. The verification process produces a report 
158 identifying which requirements are not met (i.e., exceptions qualified with an "E" to alert the 
159 validator). The verification report is used to confirm laboratory compliance with the SOW and to 
160 identify problems that should be investigated during data validation. Verification works 
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FIGURE 8.1 - The Assessment Process 

161 iteratively and interactively with the generator (i.e., laboratory) to assure receipt of all necessary 
162 data. Although the verification process identifies specific problems, the primary function should 
163 be to apply appropriate feedback to the lab resulting in corrective action improving the analytical 
164 services before the project is completed. 

165 Validation addresses the reliability of the data. The validation process begins with a review of the 
166 verification report and laboratory data package to identify its areas of strength and weakness. 
167 This process involves the application of qualifiers that reflect the impact of not meeting the 
168 MQOs. Validation then evaluates the data to determine the presence or absence of an analyte, 
169 and the uncertainty of the measurement process. During validation, the technical reliability and 
170 the degree of confidence in reported analytical data are considered. The data validator should be 
171 a scientist with radiochemistry experience. 
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172 Validation flags (i.e., qualifiers) are applied to data that do not meet the performance acceptance 
173 criteria established in the SOW and the project plan documents. The products of the validation 
174 process are validated data and a validation report stating which data are acceptable, which data 
175 are sufficiently inconsistent with the validation acceptance criteria in the expert opinion of the 
176 validator, and a summary of the QC sample performance. The appropriate data validation tests 
177 should be established during the project planning phase. The point of validation is to perform a 
178 systematic check on a set of data being used to meet the project MQOs and any other analytical 
179 process requirements. Documenting that such a check cannot be done is an appropriate and 
180 essential validation activity. (For example, applying numerical tests to data already determined to 
181 be unreliable data are of no value.) 

182 Data Quality Assessment is the last phase of the data collection process, and consists of a 
183 scientific and statistical evaluation of project-wide know ledge to assess the usability of data sets. 
184 To assess and document overall data quality and usability, the data quality assessor integrates the 
185 data validation report, field information, assessment reports, and historical project data, and 
186 compares the findings to the original project DQOs. The DQA process uses the combined 
187 findings of these multi-disciplinary assessments to determine data usability for the intended 
188 decisions, and to generate a report documenting that usability and the causes of any deficiencies. 
189 It may be useful for a validator to work with the assessor to assure the value of the validation 
190 process (e.g., appropriateness of rejection decision), and to make the process more efficient. 
191 DQA will be covered in Chapter 9. 

192 8.3 Validation Plan 

193 The validation plan should integrate the contributions and requirements of all stakeholders and 
194 present this information in a clear, concise format. To achieve this goal, validation planning 
195 should be part of initial planning (e.g., directed planning process) to assure that the data will be 
196 validated efficiently to determine its reliability and technical defensibility in an appropriate 
197 context and to an appropriate degree. 

198 The validation plan is an integral part of the project plan documents (Chapter 4), and should be 
199 included as either a section within the plan or as a stand-alone document attached as an appendix. 
200 The validation plan should be approved by an authorized representative of the project, the 
201 validation group performing the validation, and any other stakeholder whose agreement is 
202 needed. 

203 The information and documentation identified in the validation plans should be communicated to 
204 the laboratory as part of the SOW. Integration of validation plan specifications, contractual 
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205 requirements, and validator instructions/contracts is essential to ensure data collection process 
206 efficiency. Implementation of the data validation plan will ensure that proper laboratory 
207 procedures are followed and data are reported in a format useful for validation and assessment, 
208 and will improve cost-effectiveness of the data collection process. 

209 The data validation plan should contain the following information: 

210 • Summarize the project that provides sufficient detail about the project technical and quality 
211 objectives in terms of sample and analyte lists, required measurement uncertainty, and 
212 required detection limit and action level on a sample/analyte-specific basis. Specify the scope 
213 of validation, e.g., whether all the raw data will be reviewed and in what detail (see Section 
214 8.3.1). 

215 • Specify the necessary validation criteria, as derived from the MQOs, and performance 
216 objectives deemed appropriate for achieving project objectives (see Section 8.3.2). 

217 • Direction to the validator on what qualifiers are to be used and how final qualifiers are 
218 assigned (see Section 8.3.3). 

219 • Direction to the validator on the content of the validation report (see Section 8.3.4 ). 

220 8.3.1 Technical and Quality Objectives of the Project 

221 The identity of key analytes and how the sample results drive project decisions should be 
222 specified in the validation plan. In addition, the plan should define the association of required 
223 quality control samples with project environmental samples. 

224 This section of the validation plan should specify the following: 

225 • Quality control (QC) acceptance criteria; 

226 • Level of measurement uncertainty considered unusually high and unacceptable (tests of 
227 unusual uncertainty and rejection); and 

228 • Action level and MQOs for detection and quantification capability (e.g., required detection 
229 and quantification limit) (tests of detection). 
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230 The quality control acceptance criteria serve two purposes: (1) to establish if the analytical 
231 process was in control; and (2) to determine if project requirements were met. If the analytical 
232 process is in control, the assumption was that the analysis was performing within established 
233 limits and indicates a reasonable match among matrix/analyte/method. Generally this means that 
234 routine data quality expectations are appropriate. The tests of unusual (i.e., analysis not in 
235 control) uncertainty should verify the data meet the statistical confidence limits for uncertainty 
236 associated with the planning process. During validation, the uncertainty associated with sampling 
237 cannot be estimated. The tests of detection determine the presence or absence of analytes. 

238 8.3.2 Validation Tests 

239 Validating data requires three specific decisions that will allow the validator to qualify the data. 
240 The project planning team should determine: 

241 • Which QC samples should be employed and how do they relate to the environmental 
242 samples? 

243 • Which validation tests are appropriate? 

244 • What validation limits should be used for the specific tests? 

245 The answers to these questions are driven by the need to know whether the data meets the MQOs 
246 for the project, and the allocation of resources between planning and implementation (i.e., 
247 conservative review may be more costly than real or perceived value in the decision). This 
248 section of the validation plan should address the following: 

249 • QC sample validation criteria; 

250 • Specific validation tests to be used; and 

251 • Statistical confidence intervals or fixed limit intervals applied to each of the validation tests 
252 and criteria based on the MQOs for the project (Appendix C). 

253 8.3.3 Data Qualifiers 

254 Data qualifiers are codes placed on an analytical result that alert data users to the validator' s or 
255 verifier's concern about the result. This section of the validation plan should outline: 
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256 • The basis for rejection or qualification of data; and 
257 • The qualification codes that will be assigned. 

258 These issues are discussed in detail in Section 8.5, which provides guidance for assigning data 
259 qualifiers. 

260 The verification process uses a qualifier (E) to alert the validator to non-compliance, including 
261 missing documentation, contract compliance, etc. This qualifier may be removed or replaced 
262 during validation, based on the validator' s interpretation of the effect of the non-compliance on 
263 the data's integrity. 

264 E A notice to the validator that something was noncompliant. 

265 The validation process uses the qualifiers listed below to identify data points that do not meet the 
266 project MQOs or other analytical process requirements listed in the SOW or appropriate project 
267 plan document. The assignment of the J and R qualifiers relies heavily on the judgement and 
268 expertise of the reviewer and therefore, these qualifiers should be assigned as appropriate at the 
269 end of data validation. 

270 U A normal, not detected ( < critical value) result. 

271 

272 Q A reported combined standard uncertainty, which exceeds the project's required method 
273 uncertainty. 

274 J An unusually uncertain or estimated result. 

275 R A rejected result: the problems (quantitative and/or qualitative) are so severe that the data 
276 can not be used. 

277 The data validator should be aware that a data qualifier or a set of qualifiers does not apply to all 
278 similar data. The data validator should incorporate the project MQOs into the testing and 
279 qualifying decision-making process. During the data validation process the data validator may 
280 use additional qualifiers based on QC sample results and acceptance criteria. These qualifiers 
281 may be summarized as U, J, R or Q in the final validation report. The final validation reports 
282 should also include a summary of QC sample performance for use by the data assessor. 
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283 S A result with a related spike result (laboratory control sample (LCS), matrix spike(MS) or 
284 matrix spike duplicate MSD), which is outside the control limit for recovery (%R), S+ or 
285 S- used to indicate high or low recovery. 

286 P A result with an associated replicate result that exceeds the control limit. 

287 B A result with associated blank result, which is outside the control limit, B+ or B-. 

288 8.3.4 Reporting and Documentation 

289 The purpose of this section is to define the format and program needs for validation reports and 
290 supporting documentation. This section should include: 

291 • Documentation and records that should be included in a validation report; 

292 • Disposition requirements for records and documents from the project; 

293 • Report format, i.e., a summary table with results, uncertainties and qualifiers; and 

294 • Procedures for non-conformance reporting, which detail the means by which the laboratory 
295 communicates non-conformances against the validation plan. The procedures should include 
296 all instances where the analytical data requirements and validation requirements established 
297 by the planning process and validation plan, respectively, cannot be met due to sample matrix 
298 problems and/or unanticipated laboratory issues (loss of critical personnel or equipment). 

299 Detailed information about the Validation Report is presented in Section 8.6. 

3oo 8.4 Other Essential Elements 

301 Effective data validation is dependent on: 

302 • A SOW and project plan documents that clearly define the data needs and the data quality 
303 requirements (i.e., MQOs); and 

304 • A data package that has been verified for completeness, consistency, compliance, and 
305 correctness. 

306 8.4.1 Statement of Work 
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307 The analytical services procurement op~ions should be considered during the planning process. 
308 The SOW should specify the QC requirements that will be evaluated by the validator (see 
309 Chapter 5). The elements that should be specified include, but are not limited to: 

31 o • External performance evaluation (PE) participation and acceptance criteria; 
3 11 • Replicate sample frequency and acceptance criteria; 
312 • LCS and acceptance criteria; 
313 • Blank requirements and acceptance criteria; 
314 • MS and MSD samples and acceptance criteria; 
3 15 • Uncertainty calculations; and 
316 • Sample result equations and calculations including corrections for yield, percent moisture, 
317 efficiencies and blank, if applied. 

318 Section 8.5 .2 provides guidance on evaluating QC sample results based on the project's MQO for 
319 measurement uncertainty. 

320 8.4.2 Verified Data Deliverables 

321 Verification compares the sample receipt information and the sample report delivered by the 
322 laboratory against the SOW and produces a report that identifies those requirements that were not 
323 met (called exceptions). Verification can be accomplished using a plan or checklist, which 
324 doesn't necessarily need to be project-specific. Verification exceptions normally identify: 

325 • Required steps not carried out by the laboratory (i.e., correction for yield, proper signatures); 

326 • Method QC not conducted at the required frequency (i.e., blanks, duplicates); and 

327 • Method QC not meeting pre-set acceptance criteria (i.e., non-compliant laboratory control 
328 sample analysis). 

329 The verifier checks the data package (paper or electronic) for completeness, consistency, 
330 correctness, and compliance. Completeness means all required information is present. 
331 Consistency means values are the same when reported redundantly on different reports, or 
332 transcribed from one report to another. Correctness means the reported results are based on 
333 properly documented and correctly applied algorithms. Compliance means the data pass 
334 numerical QC tests based on parameters or limits derived from the MQOs specified in the SOW. 
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335 The verifier should provide, within the verification package, checklists for contract or SOW 
336 specifications, noted deficiencies related to contract compliance, noted discrepancies or obvious 
337 quality related problems, and pertinent external QC results. The verification package notes the 
338 deficiencies, discrepancies, and quality-related problems that could not be resolved with the 
339 laboratory. The validator should take this information into consideration during the data 
340 validation process. 

341 8.5 Data Verification and Validation Process 

342 In its most basic form, data validation focuses on the reliability of each data point. After each 
343 point is evaluated, summary conclusions concerning the validity of groups of data (sets) are 
344 drawn and finally, after the reliability of all data sets has been established, an overall conclusion 
345 about the quality and defensibility of a project's analytical database is reached (DQA). 

346 The first step in establishing the reliability of an analytical measurement is to determine that the 
347 measurement analytical process used in making the measurement is in control. That is, the 
348 sample handling and analysis system is performing within an accepted operating range 
349 (established by instrument manufacturer, method, or contract specifications and/or long-term 
350 historical laboratory performance). After it has been determined that the measurement analytical 
351 process is in control, it is necessary to demonstrate that the sample is responding as expected 
352 when introduced into the measurement system. 

353 The measurement process includes devices such as detectors for measuring radioactive decay and 
354 balances for determining the mass of materials. The measurement process also includes the 
355 software that takes the output from the measurement device and calculates the result as a quantity 
356 of target radionuclide (activity/mass activity/volume). The measurement process performance 
357 normally is specified by the SOW and appropriate project plan documents, and monitored by 
358 routine laboratory quality control procedures. Laboratory performance against these requirements 
359 is determined by the verification process uses these requirements to determine laboratory 
360 performance. 

361 When an environmental sample is analyzed, new sources of variability are encountered in 
362 addition to those associated with the measurement process. These sources include laboratory 
363 subsampling, sample preparation (e.g., digestion, leaching, etc.), sample matrix effects, and data 
364 transcription, to list a few. These processes, taken together with the previously discussed 
365 measurement process, comprise the analytical process. 
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366 The performance of the analysis can be predicted based on previous experience with similar 
367 materials. Analysis performance is monitored by laboratory quality control procedures specified 
368 in the SOW and appropriate project plan documents. Unlike the analytical process performance, 
369 the overall performance of the analysis is not amenable to assessment by the data verification 
370 process. Since each sample matrix, analyte, and method set is unique, the evaluation of overall 
371 analysis performance and resulting data is the role of a knowledgeable validator. 

372 Using the validation plan, which specifies QC samples, validation tests, and validation limits, 
373 validation occurs in four stages: 

374 • Determine whether the sample handling and analysis system is in control (Section 8.5.1); 
375 • Determine whether quality control sample analyses meet specified MQOs (Section 8.5.2); 
376 • Apply validation tests of detection and unusual uncertainty (Section 8.5.3); and 
377 • Determine final data qualifiers and document the results (Section 8.5.4). 

378 For other chemistry methods, identification of the analyte is also a primary decision. Except for 
379 gamma spectroscopy, this is rarely an issue in radiochemistry. For radiochemistry, the 
380 laboratory's ability to reliably identify analytes do reliable identifications is best checked by 
381 auditors and verified by checking the calibration check samples. 

382 8.5.1 The Sample Handling and Analysis System 

383 As described in earlier sections of this guidance, it is necessary to know the extent to which the 
384 data delivered for validation meet the requirements of the SOW and appropriate project plan 
385 documents. These documents normally specify the minimum acceptable performance of the 
386 analytical process. These specifications are the basis of the tests of quality control (QC tests) that 
387 establish that the sample handling and analysis system is in control at the time the analyses were 
388 performed. It is also necessary to know that all reporting requirements are complete. Normally, 
389 this evaluation against the requirements is made during the data verification process. If the data 
390 do not conform to the requirements, notification should be provided in the verification report. 

391 The review of the verification package (and data package) by the validator determines if 
392 sufficient information is provided to proceed with data validation. The outcome of the 
393 verification process is the designation of exceptions to the quality control tests. These exceptions 
394 should be flagged with a qualifier (re-evaluated by the validator), which is appended to a data or 
395 report requirement that does not meet specifications to alert the validator of potential problems. 
396 The validator should then determine if sufficient reliable data are available to proceed with 
397 validation. The validator should use the data requirements and criteria developed in the 
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398 validation plan to determine if the quality control exceptions have an adverse impact on one or 
399 more of the data points being validated. 

400 Rarely, if ever, should quality control exceptions result in the decision to reject a complete data 
401 set. Those types of situations should have been detected by the laboratory during the analytical 
402 process and the samples reanalyzed. The validator should not reject (assign an "R" code) single 
403 data points based on a single QC test exception. Normally, only numerous QC exceptions and 
404 failures in one or more of the tests of detection and uncertainty are sufficient reason to reject 
405 data. The validation report should fully explain the assignment of all qualifiers as previously 
406 discussed. 

407 The following paragraphs discuss some of the more important evaluations that should be applied 
408 to the sample handling and analysis system. Limited guidance is provided on how the QC test 
409 may impact data quality and defensibility. 

410 8.5.1.1 Sample Descriptors 

411 Sample descriptors include sample identification number, analytical method, analyte, and matrix, 
412 among others. 

413 Criteria. Each sample should have a unique identifier code that can be cross-referenced to a 
414 unique field sample or an internally generated laboratory sample. This unique identifier and 
415 associated sample descriptors should be included in all analytical reports to properly document 
416 the sample and requested analysis (Chapters 10 and 11). 

417 The matrix and other characteristics of the sample that affect method selection and performance 
418 should be clearly identified. The method(s) used in sample preparation and analysis should be 
419 identified. 

420 If laboratory replicate analyses are reported for a sample, they should be distinguishable by a 
421 laboratory-assigned code. 

422 Verification. Each of the criteria related to describing the sample should be checked for and 
423 found in the analytical data package. If any of the criteria are missing, they should be flagged 
424 with an "E" code. 

425 Validation. Missing information will increase the uncertainty on any result reported on a 
426 sample(s) and justify the assignment of a "J" code. Missing information may be inferred from 
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427 other information in the data package and eliminate the added uncertainty. For example, if the 
428 sample matrix is not provided, it may be inferred from: 

429 • The aliquant units are expressed in units of mass or volume; 
430 • The sample preparation method is specific for soils; 
431 • The final results are expressed in units of mass; and 
432 • The sampling report describes sampling soil. 

433 The majority of related information should support the decision that the exception does not 
434 increase the uncertainty of the result. If the supporting information is incomplete or conflicting, 
435 the assignment of a "J" code to data points is warranted. If documentation is inadequate to 
436 support the reporting of a data point, the data point should be qualified with an "R" code. 

437 8.5.1.2 Aliquant Size 

438 Criteria. The aliquant or sample size used for analysis should be documented so that it can be 
439 checked when reviewing calculations, examining dilution factors or analyzing any data that 
440 requires aliquant as an input. It is also imperative that the appropriate unit (liter, kilogram, etc.) is 
441 assigned to the aliquant. 

442 Verification. The criteria related to describing the sample aliquant should be checked for and 
443 found in the analytical data package. If the aliquant size is missing, it should be flagged with an 
444 "E" code. 

445 Validation. The missing information will increase the uncertainty on any result reported on a 
446 sample(s) and justify the assignment of a "J" code. 

447 8.5.1.3 Dates of Sample Collection, Preparation, and Analysis 

448 Criteria. The analytical data package should report date of sampling, preparation, and analysis. 
449 These data are used to calculate radiological holding times, some of which may be specified in 
450 the sampling and analysis plan. 

451 There are few circumstances where radiological holding times are significant for radionuclides. 
452 The best approach to minimize the impact of holding time on analysis is to analyze the samples 
453 as quickly as possible. Holding times may be applied to environmental samples that contain 
454 radionuclides with short half lives. Holding times would apply to these radionuclides to prevent 
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455 reporting of high measurement uncertainties and MDCs, and to detect the radionuclide, if present 
456 at low concentration, before it decays to undetectable levels. 

457 Verification. Each of the criteria related to sample holding time should be checked for and found 
458 in the analytical data package. If any of the objectives are missing, they should be flagged with 
459 an "E" code. 

460 If a holding time is specified in the project plan documents or validation plan, the reported values 
461 should be compared to this specification. If the holding time is exceeded, the affected criteria 
462 (holding time) should be flagged with an "E" code. 

463 Validation. The data points impacted by the missed holding time should be flagged with a "J" 
464 code by the validator or the justification for discounting the holding time impact described in the 
465 narrative section of the validation report. 

466 8.5.1.4 Preservation 

467 Criteria. Appropriate preservation is dependent upon analyte and matrix, and should be defined 
468 in sampling and analysis documentation. Generally, preservation is applied to samples being 
469 analyzed for radionuclides to prevent precipitation, adsorption to container walls, etc. The criteria 
470 (required presence or absence) for this QC process should be provided in the sampling and 
471 analysis plan (see Chapter 10). 

472 Verification. The criteria related to preservation should be checked for and found in the 
4 73 analytical data package. If any of the criteria are missing, they should be flagged with an "E" 
474 code. 

475 Validation. If exceptions to the preservation criteria are noted, the validator should decide if a 
476 "J" code should be assigned to data points because the improper preservation increased the 
477 overall uncertainty in the data point(s). In some cases where improper preservation severely 
478 impacts data quality or defensibility (e.g., the use of acid preservation in water samples being 
4 79 analyzed for 14C), the validator should assign an "R" qualifier. The assessor may elect to use the 
480 data, but they have the responsibility of addressing the data quality and defensibility in the 
481 assessment report. 
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482 8.5.1.5 Tracking 

483 Criteria. Each analytical result should be traceable to the instrument or detector on which it was 
484 counted. The requirement for this traceability normally is found in the project plan documents. 
485 The analytical sequence log (or some other suitable record) should be available in the data 
486 package submitted by the laboratory. 

487 Verification. If any of the analytical data are not traceable to the instrument or detector, it should 
488 be flagged with an "E" code. 

489 Validation. The validator may factor the absence of the traceability into their evaluation of data 
490 quality and usability. At most, this should result in increasing the uncertainty of the 
491 determination and the possible assignment of a "J" code to the data. This would not occur 
492 normally unless one or more of the detectors used in analyzing the samples was shown to be 
493 unreliable. Then, the inability to trace a reliable detector to a sample increases the uncertainty of 
494 the data point(s). 

495 8.5 .1.6 Traceability 

496 Criteria. The traceability of standards and reference materials to be used during the analysis 
497 should be specified in the sampling and analysis plan. 

498 Verification. The source of the reference materials and standards should be checked for and 
499 found or referenced in the analytical data package. If any of the sources are missing they should 
500 be flagged with an "E" code. 

501 Validation. The validator may factor the absence of the traceability into their evaluation of data 
502 quality and usability. At most, this should result in increasing the uncertainty of the 
503 determination and the possible assignment of a "J" code to the data. This would not occur 
504 normally unless one or more of the standards used in analyzing the samples was shown to be 
505 unreliable. Then, the inability to trace a reliable standard to a sample increases the uncertainty of 
506 the data point(s). 

507 8.5.1.7 QC Types and Linkages 

508 Criteria. The type and quantity of QC samples should be identified and listed in the SOW, and 
509 the results provided by the laboratory in a summary report. Replicates and matrix spike results 
510 should be linked to the original sample results. The approximate level of matrix spike 
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511 concentrations should be specified in the SOW, but the actual levels should be reported by the 
512 laboratory. The QC analyses should be traceable to the original field sample. 

513 Verification. Each of the criteria related to the QC samples should be checked for and found in 
514 the analytical data package. If any of the objectives are missing, they should be flagged with 
515 an "E" code. 

516 Validation. The validator should compare any QC sample exceptions to similar ones that 
517 precede and follow the non-conforming QC sample. If these are in control, the validator can 
518 discount the impact of the single QC sample exception on the data results (i.e., analytical 
519 blunder). If a trend of failing values is found, the validator should consider if they affected a 
520 group of data points to the extent that the level of uncertainty was increased. This may warrant 
521 the assignment of a "J" code to the data. 

522 8.5.1.8 Chemical Separation (Yield) 

523 Criteria. Yield assesses the effects of the sample matrix and the chemical separation steps on the 
524 analytical result and estimates the analyte loss throughout the total analytical process. Yield is 
525 typically measured gravimetrically (via a carrier) or radiometrically (via a tracer). All the 
526 components in the calculation of the yield should be identified in a defined sequence. These 
527 specifications are found in the project plan documents. 

528 Criteria for both analytical process and sample analysis may be given in the project plan 
529 documents. The criteria should be based on historical data for the method and matrix. In that 
530 case, yield is determined on both quality control samples and actual field samples. 

531 The most important yield-related question is whether the yield has been determined accurately. 
532 Typically, a yield estimate that is much greater than 100 percent cannot be accurate, but the 
533 estimate may also be questionable if the yield is far outside its historical range. Extremely low 
534 yields also tend to have large measurement uncertainties, which increase the uncertainties of the 
535 results. The uncertainties of factors such as the yield, counting efficiency, and aliquant volume, 
536 which affect the sensitivity of the measurement, should be kept relatively small. 

537 Verification. Each of the yield-related criteria pertaining to the sample should be checked for 
538 and found in the analytical data package. If missing, the data should be returned to the lab to 
539 correct for yield. 
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540 Validation. The experimentally determined yield is used to normalize the observed sample 
541 results to 100% yield. Exceptions to the yield value outside the range specified in the project plan 
542 documents may result in the validator assigning a "J" qualifier to otherwise acceptable data. 

543 8.5.1.9 Self-Absorption (Residue) 

544 Criteria. For some radiochemical analytical methods, the SOW may specify the generation of a 
545 self-absorption curve, which correlates mass of sample deposited in a known geometry to 
546 efficiency. 

547 Verification. Each self-absorption curve called for in the SOW should be checked for and found 
548 in the analytical data package. If missing, they should be flagged with an "E" code. 

549 Validation. If required self-absorption curves are missing, the validator may select to qualify 
550 affected data with a "J" qualifier to signify an increased level of uncertainty in the measurement 

551 because of the inability to correct the measured value for self-absorption. 

552 8.5.1.10 Efficiency, Calibration Curves, and Instrument Background 

553 Criteria. For some methods based on decay emission counting, efficiency is reported as count 
554 rate divided by disintegration rate. Methods employing radiotracers determine a sample-specific 
555 effective efficiency factor that is a product of the chemical yield and the detector efficiency. This 
556 criteria may be specified in the SOW. Instrument background count rate is determined for each 
557 detector for each region of interest and subtracted from the sample count rate. 

558 Verification. Each efficiency determination, efficiency calibration curve, and instrument 
559 background called for in the project plan documents should be checked for and found in the 
560 analytical data package. If missing, they should be flagged with an "E" code. 

561 Validation. If required factors are missing, the validator may select to qualify affected data with 

562 a "J" qualifier to signify an increased level of uncertainty in the measurement because of the 

563 inability to correct the measured value for efficiency. 

564 8.5.1.11 Spectrometry Resolution 

565 Criteria. The measured resolution of alpha, gamma-ray, and liquid scintillation spectrometers, in 
566 terms of the full width of a peak at half maximum (FWHM), can be used to assess the adequacy 

567 of instrument setup, detector selectivity, and chemical separation technique that may affect the 
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568 identification and quantification of the analyte. When sufficient peak definition (i.e., sufficient 
569 number of counts to provide an adequate Gaussian peak shape) has been reached for a sample, 
570 the resolution of the analyte peak should be evaluated to determine if proper peak identification 
571 and separation or deconvolution was made. Spectral information should be provided in the data 
572 packages to accomplish this evaluation. 

573 Verification. There are no established acceptance criteria, but should be provided in the package 
574 or available in the audit. 

575 Validation. If required calculations are missing, the validator may select to qualify affected data 
576 with a "J" qualifier to signify an increased level of uncertainty in the measurement because of the 
577 inability to evaluate instrument setup and separation technique. An "R" code may be applied if 
578 there is no separation. 

579 8.5.1.12 Dilution and Correction Factors 

580 Criteria. Samples for radiochemistry are usually not diluted, but a larger sample may be 
581 digested, taking an aliquant for analysis to obtain a more representative subsample. The dilution 
582 factors are normally used for tracers and carriers. Dilutions of the stock standards are prepared 
583 and added to the samples. This dilution normally affects yield calculations, laboratory control 
584 samples, and matrix spikes. This data should be provided in the data package so that the final 
585 calculations of all data affected by dilution factors can be recalculated and confirmed, if required. 

586 Other correction factors that may be applied to the data are dry weight correction, ashed weight 
587 correction, and correction for a two-phased sample analyzed as separate phases. 

588 Verification. Each dilution and correction factor affecting the sample should be checked for and 
589 found in the analytical data package. If any of the factors are missing, they should be flagged 
590 with an "E" code. 

591 Validation. Those results impacted by missing dilution factors should be flagged with a "J" or 
592 "R" qualifier, reflecting increased uncertainty in the data point(s). "R" may be warranted if the 
593 calculation cannot be confirmed due to missing data. 
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594 8.5.1.13 Counts and Count Time (Duration) 

595 Criteria. The count time for each sample, QC analysis, and instrument background should be 
596 recorded in the data package. The ability to detect radionuclide disintegrations is directly related 
597 to the count time. The longer the count time, the lower the detection limit. The project plan 
598 documents should specify the MQOs, which will drive the count time for each analyte. 

599 Verification. Each count time relating to the sample analysis should be checked for and found in 
600 the analytical data package. If any of the objectives are missing, they should be flagged with 
601 an "E" code. 

602 Validation. The validator should estimate the impact of the actual count times on the ability to 
603 detect the target analyte and the impact on the uncertainty of the measurement. Ifthe MQOs are 
604 met, the sample should not be qualified for count time. It should be noted that preset count 
605 determination, rather than preset count time, will result in the same uncertainty for all the 
606 samples. The qualifiers should be adjusted accordingly and the justification provided in the 
607 validation report. 

608 8.5.1.14 Result of Measurement, Uncertainty, Minimum Detectable Concentration, and Units 

609 Criteria. MARLAP recommends that the result of each measurement, its expanded measurement 
610 uncertainty, and the estimated sample- or analyte-specific MDC be reported for each sample in 
611 the appropriate units. These values, when compared with each other, provide information about 
612 programmatic problems with the calculations, interference of other substances, and bias. The 
613 report should state the coverage factor used if calculating expanded measurement uncertainties, 
614 and the Type I and Type II error probabilities used to calculate MDCs. 

615 Verification. The linkage between the result, measurement uncertainties, MDC, and the sample 
616 identification should be checked. If linkage is not evident, data should be flagged with an "E" 
617 code. 

618 Validation. The validator should assign data qualifiers to those data points for which they feel 
619 sufficient justification exists. Each qualifier should be discussed in the validation report. 

620 8.5.2 Quality Control Samples 

621 Historically, data validation has placed a strong emphasis on review of QC sample data 
622 (laboratory control samples, duplicates, etc). The assumption is that if the analytical process was 
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623 in control and the QC samples responded properly, then the environmental samples (field 
624 samples plus the preparation sequences used to prepare the sample for analysis) would respond 
625 properly. It is possible to have excellent performance on simple matrices (e.g., quality control 
626 samples), but unacceptable performance on complex matrices (i.e., environmental) reported in 
627 the same batch as the QC samples. Directly evaluating the environmental sample performance is 
628 essential to determine measurement uncertainty and the likelihood of false positive and negative 
629 detection of the target analyte. 

630 Method blanks and laboratory control samples relate to the analytical batch (a series of similar 
631 samples prepared and analyzed together as a group) quality control function. They are required 
632 by most analytical service contracts, sampling and analysis plans, and project plan documents. 
633 They serve a useful function as monitoring tools that track the continuing analytical process 
634 during extended analytical sequences. They are the most ideal samples analyzed as part of a 
635 project. Normally, their performance is compared to fixed limits derived from historical 
636 performance or additionally project specific limits derived from the MQOs. 

637 Laboratory duplicates and matrix spikes are quality control samples that directly monitor sample 
638 system performance. The laboratory duplicates (two equal-sized samples of the material being 
639 analyzed, prepared, and analyzed separately as part of the same batch) measure the overall 
640 precision of the sample measurement process beginning with laboratory sub-sampling of the field 
641 sample. Matrix spikes (a known amount of target analyte added to the environmental sample) 
642 provide a direct measure of how the target analyte responds when the environmental sample is 
643 prepared and measured, thereby estimating the bias introduced by the sample matrix. 

644 Other QC tests can be applied to determine how the analytical process performs during the 
645 analysis of environmental samples. These are yield/recovery, efficiency, self-absorption, 
646 resolution, and drift. They are the same QC tests that were applied to routine QC samples (blanks 
647 and laboratory control samples) in the previous discussion of the analytical process, but now are 
648 applied to environmental samples. The difference lies in how performance is measured. Fixed 
649 limits based on historical performance and/or statistics are usually the basis for evaluating the 
650 results of routine QC samples. 

651 The following paragraphs discuss how QC tests should be used to determine if the results for QC 
652 samples meet the project MQOs. Guidance is provided on how to relate QC sample and 
653 environmental sample performance to determine environmental sample data quality and 
654 defensibility. Direction is also given about how to assign data qualifiers to environmental sample 
655 data based on the tests of quality control. Appendix C provides guidance on developing criteria 
656 for evaluating QC sample results. Specifically, Appendix C contains equations that allow for the 
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657 determination of warning and control limits for QC sample results based on the project's MQO 
658 for measurement uncertainty. 

659 8.5.2.1 Method Blank 

660 The method blank (Section 18.4.1) is generated by carrying all reagents and added materials 
661 normally used to prepare an environmental sample through the same preparation process. It 
662 establishes how much, if any, of the measured analyte is contributed by the reagents and 
663 equipment used in the preparation process. For an ideal system, there will be no detected 
664 concentration or activity. 

665 Since measured results are usually corrected for instrument and reagent background levels, it is 
666 possible to obtain final results that are less than zero. A method blank result that is much less 
667 than zero may indicate that the correction term is too large and therefore analyte concentrations 
668 in actual samples may be underestimated. 

669 Criteria. The requirement for a method blank is usually established in the SOW and appropriate 
670 plan documents. The objective is to establish the target analyte concentration or activity 
671 introduced by the sample preparation sequence. Method blanks are normally analyzed once per 
672 analytical batch. 

673 Other types of blanks, such as field blanks and trip blanks, are used to evaluate aspects of the 
674 data collection effort and laboratory operations that are not directly related to the validation of 
675 environmental analytical data quality or technical defensibility. They can be important to the 
676 overall data assessment effort, but are beyond the scope of this guidance (Chapter 10). 

677 See Appendix C for guidance on developing criteria for evaluating blanks based on the project's 
678 MQO for method uncertainty. 

6 79 Verification. If a method blank was required but not performed, or if the required data is 
680 missing, the verifier flags the missing information with an "E" code. 

681 Validation. If a blank result does not comply with the established criteria, the associated samples 
682 are flagged "B+" to indicate that the blank result is greater than the upper limit, or "B-" to 
683 indicate that the blank result is less than the lower limit. 
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684 8.5.2.2 Laboratory Control Samples 

685 The laboratory control sample (LCS) is a QC sample of known composition or an artificial 

686 sample (created by spiking a clean material similar in nature to the environmental sample), which 

687 is prepared and analyzed in the sample manner as the environmental sample. In an ideal situation, 

688 the LCS would give 100 percent of the concentration or activity known to be present in the 

689 fortified sample or standard material. Acceptance criteria for the LCS sample are based on the 

690 complexity of the matrix and the historical capability of the lab and method to recover the 

691 activity. The result normally is expressed as percent recovery. The LCS recovery differs from the 

692 recovery of a matrix spike in that the matrix spike is added directly to the environmental sample 

693 and the percent recovery is determined by comparing the difference between the original and 

694 spiked samples. 

695 Criteria. The objective of the LCS is to measure the response of the analytical process to a QC 

696 sample with a matrix similar to the environmental sample. This will allow inferences to be drawn 

697 about the reliability of the analytical process. 

698 See Appendix C for guidance on developing control limits for LCS results based on the project's 

699 MQO for method uncertainty. 

700 Verification. If a required LCS is not analyzed, or if required information is missing, the verifier 

701 flags the missing information with an "E" code. 

702 Validation. When the measured result for the LCS is outside the control limits, the associated 

703 samples are flagged with the "S" qualifier (S+ or S-). 

704 8.5.2.3 Laboratory Replicates 

705 Replicates are used to determine the precision of laboratory preparation and analytical 

706 procedures. Laboratory replicates are two aliquants selected from the laboratory sample and 

707 carried through preparation and analysis as part of the same batch. 

708 The discussion of field replicates is beyond the scope of this chapter. 

709 Criteria. The objective of replicate analyses is to measure laboratory precision based on each 

71 o sample matrix. The variability of the samples due to field sample heterogeneity is also reflected 

711 in the replicate result. The laboratory may not be in control of the precision. Therefore, replicate 

JULY 2001 
DRAFT FOR PUBLIC COMMENT 8-25 

MARLAP 
DO NOT CITE OR QUOTE 



Radiochemical Data Verification and Validation 

712 results are used to evaluate reproducibility of the complete laboratory process that includes 
713 subsampling, preparation, and analytical process. 

714 See Appendix C for guidance on developing control limits for replicate results based on the 
715 project's MQO for method uncertainty. 

716 Verification. If replicate analyses are required but not performed, or if the required data is not 
717 present in the report, the verifier flags the missing information with an "E" code. 

718 Validation. When the replicate analysis is outside the control limit, the associated samples are 
719 flagged with the "P" qualifier. 

720 8.5.2.4 Matrix Spikes and Matrix Spike Duplicates 

721 The matrix spike is an aliquant of a sample, fortified (spiked) with known quantities of target 
722 analytes and subjected to the entire analytical procedure to establish if the method or procedure is 
723 appropriate for the analysis of the particular matrix. 

724 Criteria. Matrix spike samples provide information about the effect of each sample matrix on 
725 the preparation and measurement methodology. The test uncovers the possible existence of 
726 recovery problems, based on either a statistical test or a specified fixed control limit. 

727 See Appendix C for guidance on developing criteria for evaluating matrix spikes based on the 
728 project's MQO for method uncertainty. 

729 Verification. If a required matrix spike analysis was not performed, or if the required 
730 information is missing, the missing information should be flagged with an "E" code. 

731 Validation. If the results of the matrix spike analysis do not meet the established criteria, the 
732 samples should be qualified with an "S+" or "S-" indicating unacceptable spike recoveries. 

733 8.5.3 Tests of Detection and Unusual Uncertainty 

734 8.5.3.1 Detection 

735 The purpose of a test of detection is to decide if each result for a regular sample is significantly 
736 different from zero. Since most radiochemistry methods always produce a result, even if a very 
737 uncertain or negative one, some notion of a non-detected but measured result may be needed for 
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738 some projects. A non-detected result is generally as valid as any other measured result, but it is 

739 too small relative to its measurement uncertainty to give high confidence that a positive amount 

740 of analyte was actually present in the sample. Ordinarily, if the material being analyzed is 

741 actually analyte-free, most results should be "non-detected." 

742 For some projects, detection may not be an important issue. For example, it may be known that 

743 all the samples contain a particular analyte, and the only question to be answered is whether the 

744 mean concentration is less than an action level. However, all laboratories should be able to 

745 perform a test of detection routinely for each analyte in each sample. 

746 Criteria. An analyte is considered detected when the measured analyte concentration exceeds its 

747 critical value (see Chapter 19). Both values are calculated by the laboratory performing the 

748 measurement; so, the detection decision can be made at the laboratory and indicated in its report. 

749 If there is no evidence of additional unquantified uncertainty in the result (e.g., lack of statistical 

750 control or blank contamination), the laboratory's decision may be taken to be final. 

751 Verification. Typically, the role of the verifier is limited to checking that required information, 

752 such as the critical value, is present in the report. If information is missing, the result should be 

753 flagged with an "E" code. 

754 Validation. The validator examines the result of the measurement, its critical value, and other 

755 information associated with the sample and the batch in which it was analyzed, including method 

756 blank results in particular, to make a final determination of whether the analyte has been detected 

757 with confidence. If the data indicates the analyte has been detected in both the sample and the 

758 method blank, its presence in the sample may be questionable. A quantitative comparison of the 

759 total amounts of analyte in the sample and method blank, which takes into account the associated 

760 measurement uncertainties, may be needed to resolve the question. 

761 8.5.3.2 Detection Capability 

762 Criteria. If the project requires a certain detection capability, the requirement should be 

763 expressed as a required minimum detectable concentration (RMDC). The data report should 

764 indicate the RMDC and the sample-specific estimate of the actual minimum detectable 

765 concentration (MDC) for each analyte in each sample. 

766 In some situations, it may not be necessary or even possible for a laboratory to meet the MDC 

767 requirement for all analytes in all samples. In particular, if the analyte is present and quantifiable 

768 at a concentration much greater than the action level, a failure to meet a contract-required 
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769 detection limit is usually not a cause for concern. A failure to meet the RMDC is more often an 
770 important issue when the analyte is not detected. 

771 Verification. The RMDC specified in the contract is compared to the sample-specific MDC 
772 achieved by the method. The analytes that do not meet the RMDC are flagged with an "E" code. 

773 Validation. If the sample-specific MDC estimate exceeds the RMDC, the data user may be 
774 unable to make a decision about the sample with the required degree of certainty. A "UJ" 
775 qualifier is warranted if the estimated MDC exceeds the RMDC and the analyte was not detected 
776 by the analysis. A final decision about the usability of the data should be made during the data 
777 assessment phase of the data collection process. 

778 An assignment of "R" to the data points affected by this type of exception may be appropriate in 
779 some cases, but the narrative report may classify the data as acceptable (no qualifier), "U," or "J," 
780 based on the results of the tests of detection and uncertainty. This allows the assessor to make an 
781 informed judgement about the usability of the data point(s) and allows them the opportunity to 
782 provide a rationale of why the data can be used in the decision process. 

783 8.5.3.3 Large or Unusual Uncertainty 

784 When project planners follow MARLAP's recommendations for developing MQOs, they 
785 determine a required method uncertainty at a specified analyte concentration. The required 
786 method uncertainty is normally expressed in concentration units, but it may be expressed as a 
787 relative method uncertainty (percent based on the upper bound of the gray region, which is 
788 normally the action level). It is reasonable to expect the laboratory's combined standard 
789 uncertainty at concentrations lower than the action level to be no greater than the required 
790 method uncertainty (expressed in concentration units) and to expect the laboratory's relative 
791 combined standard uncertainty at concentrations above the action level to be no greater than the 
792 required relative method uncertainty (expressed as a percent). Each measured result should be 
793 checked against these expectations (see Appendix C). 

794 Criteria. The reported combined standard uncertainty is compared to the maximum allowable 
795 standard uncertainty. Either absolute (in concentration units) or relative uncertainties (expressed 
796 as a percent) are used in the comparison, depending on the reported concentration. The result is 
797 qualified with a "Q" if the reported uncertainty is larger than the requirement allows. 

798 Verification. The test for large uncertainty is straightforward enough to be performed during 
799 either verification or validation. If there is a contractual requirement for measurement 
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800 uncertainty, the verifier should perform the test and assign the "E" qualifier to results that do not 

801 meet the requirement. Note that it may sometimes happen that circumstances beyond the control 

802 of the laboratory make it impossible to meet the requirement. 

803 Validation. If a "Q" qualifier is assigned, the validator may consider any special circumstances 

804 that tend to explain it, such as interferences, small sample sizes, or long decay times, which were 

805 beyond the control of the laboratory. He or she may choose to remove the qualifier, particularly if 

806 it is apparent that the original uncertainty requirement was too restrictive. 

807 8.5.4 Final Qualification and Reporting 

808 The final step of the validation process is to assign and report final qualifiers for all regular 

809 sample results. The basis for assignment of final qualifiers is qualifiers and reasons from all 

81 o previous tests, patterns of problems in batches of samples, and validator judgement. 

811 The difficult issue during final qualifier assignment is rejecting data. What follows summarizes 

812 some of the issues to consider when thinking about rejecting data. 

813 Rejecting a result is an unconditional statement that it is not useable for the intended purpose. A 

814 result should only be rejected when the risks of using it are significant relative to the benefits of 

815 using whatever information it carries. If the DQA team or users feel data is being rejected for 

816 reasons that don't affect usability, they may disregard all validation conclusions. Rejected results 

817 should be discarded and not used in the DQA phase of the data life cycle. 

818 There are three bases on which to reject data: 

819 1. Insufficient or only incorrect data are available to make fundamental decisions about data 

820 quality. For example, if correctly computed uncertainty estimates are not available, it is 

821 not possible to do most of the suggested tests. If the intended use depends on a consistent, 

822 high level of validation, it may be proper to reject such data. 

823 The missing data should be fundamental. For example, missing certificates for standards 

824 are unlikely to be fundamental if lab performance on spiked samples is acceptable. In 

825 contrast, if no spiked sample data is· available, it may be impossible to determine if a 

826 method gives even roughly correct results, and rejection may be appropriate. 

827 2. Available data indicate that the assumptions underlying the method are not true. For 

828 example, QC samples may demonstrate that the lab's processes are out of control. 

829 Method performance data may indicate that the method simply does not work for 

830 particular samples. These problems should be so severe that is not possible to make 

831 quantitative estimates of their effects. 
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3. A result is "very unusually uncertain." It is difficult to say what degree of uncertainty 
makes a result unusable. Whenever possible, uncertain data should be rejected based on 
multiple problems with one result, patterns in related data, and the validator' s judgement, 
not the outcome of a single test. This requires radiochemistry expertise and knowledge of 
the intended use. 

Based on an evaluation of the tentative qualifiers, final qualifiers are assigned to each regular 

sample result. 

After all necessary validation tests have been completed and a series of qualifiers assigned to 

each data point based on the results of the tests, a final judgment to determine which, if any, final 
qualifiers will be attached to the data should be made. The individual sample data from the 

laboratory should retain all the qualifiers. The basic decision making process for each result is 

always subject to validator judgement: 

• As appropriate, assign a final "R"; 

• If "S", "P", or "B" were assigned, determine whether the qualifiers warrant the assignment of 
an "R"; 

• If "R" is not assigned, but some test assigned a tentative S, P, B, Q, or J, or a pattern exists 
that makes it appropriate, assign a finalS, P, B, Q, or J and summarize QC sample 
performance; 

• If a final S, B, or J was assigned, + or -, but not both, was tentatively assigned, and the 

potential bias is not outweighed by other sources of uncertainty, make the+ or- final; and 

• For non-R results, if any test assigned a tentative "U," make it final. 

The final validation decision should address the fact that the broader purpose of validation is to 
contribute to the total data collection process, i.e., effectively translate and interpret analytical 

results for efficient use by an assessor. This means the validator should examine the full range of 
data available to search for and utilize relationships among the data elements to support the 
acceptance and use of data that falls outside method or contract specifications and data validation 

plan guidance. 

859 8.6 Validation Report 

860 The final product of validation is a package that summaries the validation process and its 

861 conclusions in an orderly fashion. This package should include: 
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862 • A narrative or summary table written by the validator that summarizes exceptional 
863 circumstances: In particular, it should document anything that prevented executing the 
864 planned validation tests. Further, the narrative should include an explicit statement explaining 
865 why data has been rejected or qualified based on the findings of the validation tests and the 
866 validator' s judgment. 

867 • A list of validated samples that provides a cross-reference of laboratory and client sample 
868 identifiers: This report should also include other identifiers useful in the context of the 
869 project, such as reporting batch, chain of custody, or other sample management system 
870 sample information. 

871 • A summary of all validated results with associated uncertainty for each regular sample with 
872 final qualifiers: Unless specified in the sampling and analysis plan, non-detects are reported 
873 as measured, not replaced by a detection limit or other "less than" value. 

874 • A summary of QC sample performance and the potential effect on the data both qualified and 
875 not qualified. 

876 Assuming the client wants additional information, the following, more detailed reports can be 
877 included in the validation package. Otherwise, they are simply part of the validation process and 
878 the verification contract compliance: 

879 • A detailed report of all tentative qualifiers and associated reasons for their assignment; 

880 • QC sample reports that document analytical process problems; and 

881 • Reports that summarize performance by method-these should support looking across related 
882 analyses at values such as yields and result ratios. 

883 The data in the summary reports should be available in a computer-readable format. If no result 
884 was obtained for a particular analyte, the result field should be left blank. The validation report 
885 should package analytical results as effectively as possible for application and use by the 
886 individual assembling and assessing all project data. 

887 The validation report should contain a discussion describing the problem(s) found during the 
888 validation process. For the validation codes, the discussion summarizes the performance criteria 
889 established in the validation plan. If the validation test performance criteria were changed (e.g., 
890 increased or decreased level of unusual uncertainty) because the nature of the sample matrix or 
891 analyte was different than expected, the new criteria should be explained in the report and the 
892 qualifiers applied using the new criteria. The approval of the project manager should be obtained 
893 (and documented) before the new criteria are applied. The project manager should communicate 
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894 the changes to the project planning team to maintain the consensus reached and documented 
895 during validation planning. 

896 Well-planned and executed analytical activities can be expected to meet reasonable expectations 
897 for data reliability. This means that for most data points or data sets, the results of the tests of 
898 quality control, detection, and unusual uncertainty will show that the data are of sufficient quality 
899 and defensibility to be forwarded to the assessor with little or no qualification for final 
900 assessment. A small number of points will be rejected because random errors in the analytical 
901 process or unanticipated matrix problems resulted in massive failure of several key validation 
902 tests. 

903 A smaller number of data points will show conflicting results from the validation tests and 
904 present the greatest challenge to the validator. The more important the decision and/or the lower 
905 the required detection limit, the more common this conflict will become, and the more critical it 
906 is that the data validation plan provide guidance to the validator about how to balance the 
907 conflicting results. Is the ability to detect the analyte more important than the associated 
908 statistical unusual uncertainty, or is the presence of the analyte relatively definite but the unusual 
909 uncertainty around the project decision point critical to major decisions? The necessary guidance 
91 o should be developed during the planning phase to guide the final judgment of the validator. 

911 8. 7 Other Sources of Information 

912 American National Standards Institute (ANSI) Nl3.30. 1996. Performance Criteria for 
913 Radiobioassay. 

914 U.S. Environmental Protection Agency (EPA). 1994. Contract Laboratory Program National 
915 Functional Guidelines for Inorganic Data Review. EPA-540/R-94-013 (PB94-963502). 
916 February. Available from http://www.epa.gov/oerrpage/superfund/programs/clp/download/ 
917 fginorg.pdf. 
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