




























































SECTION 6 

DATA COLLECTION AND HANDLING 

Entire books have been written on data collection, validation, reduction, 

analysis, storage, and retrieval, yet this chapter covers the same topics in only a 

pages. How? By focusing on the fundamental, princi,ples comm'on to many of these" 

steps in the data-gathering process. These principles are ffrst summarized in Table 6-

1, then discussed briefly in the following sections. 

TABLE 6·1. PRINCIPLES OF DATA COLLECTION.AND HANDLING 

1. Know Why the Data Must Be Collected 

2. Document Everything Thoroughly 

3. Calibrate Instruments and Test Software 

4. Preserve the Original Data 

5. Use Only Validated Data 

6. Use Tables or Graphs to Present Summary Statistics 

7. Leave Sophisticated Data Handling Techniques to the Statisticians 

8. Beware of Using Data Collected for Another Purpose 

6.1 KNOWWHYTHE DATA MUST BE COLLECTED 

How data will be used dictates how they must be collected. Consider, for 

example, just a few of the many questions to be answered before beginning air 
'monitoring studies: How many sites? Are "all, sites equally important, or are some 

more important than others? Will sampling be continuous or episodic? Over what 

time period? How many samples are Statistical expertise is required to 

answer questions like these and to design a cost-effective data collection program 

that will yield data good enough for confident decision making. 
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6.2 DOCUMENT EVERYTHING THOROUGHLY 

From data collection through data use, the motto is "Write it down!" Nothing 

enhances the credibility of a data collection program more than thoroug'hly detailed 

documentation. Data usability, for future as well as present applications, depends 

on how well all ofthe details are recorded. 

6.3 CALIBRATE INSTRUMENTS AND TEST SOFTWARE 

Improperly calibrated instruments frequently cause, poor results. ,All 

calibrations must be directly traceable to a standard of recognized accuracy, such as 

those from the National Institute of Standards and Technology. All calibrations must 

also include a .zero-span check covering the full range of concentrations expected 

during data collection. Linearity of instrumental response must be demonstrated,­

not assumed. Software, too, must be tested thoroughly, to verify that it is 

performing as planned. If not, data collection, validation, reduction, and analYSis 

can be jeopardized. 

6.4 PRESERVE THE ORIGINAL DATA 

Whatever is done in data processing, especially in data reduction, the original 

data must be preserved and all derivative data must be directly traceable to them. 

All data transformations must also be preserved. Back-up files, whether computer or 

manual, are mandatory. Only protected data allow a second chance for analysis if 

critical problems arise on the first attempt. 

6.5 USE ONLY VALIDATED DATA 

To catch data errors and biases at the earliest_possible stage, data validation is 

,used to compare each data point against prespecified criteria. Whether performed 

by humans or computers, during or after data collection, it asks the question "Is this 

specific piece of data reasonable?" Only validated data can proceed to the next 

step. Abnormally high or low values cannot be discarded automatically. Instead, 

they must be examined statistically to determine if they truly fall outside the 

expected range. They may be real values on the .tails of a distribution curve or they 

may be invalid as shown by standard tests. ,Or, as sometimes happens, their 

occurrence is simply unexplainable. Decisions to use or discard suspect data can be 

made only after these validity checks. 
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6.6 USE TABLES OR GRAPHS TO PRESENT SUMMARY STATISTICS 
Air monitoring studies, particularly those with mUltiple stations and automatic 

recording devices, produce vast quantities of data impossible to comprehend in the 

raw state. Trends become apparent only after data are reduced and tables or graphs 

are used to present summary statistics. Graphs are frequently more informative than 

tables for presenting numerical data bec.ause patterns and magnitudes are easier to 

comprehend. Statistics used most often are the number of observations, means, and 

standard deviations, with others included as needed. Presenting numerical data in 

narrative form throughout a report is a poor alternative because the 

interrelationships among scattered data are easily lost. 

6.7 LEAVE SOPHISTICATED DATA HANDLING TECHNIQUES TO THE STATISTICIANS 
Amateur statistics can be nearly as dangerous as amateur surgery. Powerful 

software packa.ges are widely available for data validation and analysis, but using 

them without a thorough understanding of their limitations and underlying 

statistical assumptions almost guarantees severe over- or under-interpretation of the 

data. Key topics such as graphical display of data, identification of outliers, 

regression analysis, analysis of variance, and how to handle zero or nondetected 

data require advanced statisti~al techniques. To extract the maximum information 

from a data set, statisticians must participate in the design phase too, rather than 

just the data analysis. 

6.8 BEWARE OF USING DATA COLLECTED FOR ANOTHER PURPOSE 
The temptation to use existing data rather than collect new data is especially 

strong when budgets are tight. Succumbing to that temptation can be disastrous, 

unless all of the restrictions applicable to the previous data are known and 

documented. 
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SECTION 7 

STATISTICAL TERMS'AND DATA QUALITY INDICATORS 

Previous sections have discussed data qualitatively. This section summarizes 

how data are described quantitatively by statistical terms and data quality 

indicators. Definitions and equations are ~ccompanied.by brief descriptions of th~ 

conditions when the specific terms should or should ·not be used. For ease in 

reference, the equations are numbered at the right of the page. 

7.1 STATISTICAL TERMS 
In Volume 1, Principles, of the first edition of the Quality Assurance Handbook 

for Air Pollution Measurement Systems, there were almost 200 pages dealing with 

statistics. Here they have been condensed to less than 6, which no doubt will cause 

consternation to some. But this is a field guide, and a field guide covers only the 

most important things. 

7.1.1 Arithmetic Mean 
Whenever data plots show a roughly symmetrical (bell-shaped or normal) 

distribution, the average value 'is called the arithmetic mean. ·It is simply the sum of 

the individual values divided by the number of values in the data set: 

where 

X = arithmetic mean 

n = number of values 

Xi = individual data values 

- 1 x= - !:X_ (1) 
n l 

Calculating the arithmetic mean without first plotting the data to verify a 

symmetrical distribution can lead to faulty data interpretation. See Section 7.1.3 for 

a discussion of when the arithmetic mean is particularly inappropriate. 

7-1 



7.1.2 Standard Deviation and Variance 
The standard deviation, used to measure the dispersion or spread of data, is 

defined as fqllows: 

8= 

where 

s = standard deviation 

Xi = individual data values 

n = number of values 

2 2 EX. - (tX,) In , , (2) 
n-l 

The square of the standard devi'ation, called the variance, is another frequently used 

measure of data dispersion. 

Programmable calculators require only that the raw data be entered in a 

specified manner. All computations are then performed automatically. Thus, in 

actual practice, it is no longer necessary to manually compute the tedious squarings 

required by Equation 2. 

7.1.3 Geometric Mean 
Plots of air monitoring data frequently show a skewed, nonsymmetrical 

distribution. For these cases, the g'eometric mean rather than the arithmetic mean is 

a better measure ofthe average value. The geometric mean is defined as the antilog 

ofthe average of the logarithms of the data values: 

- 1 
X = antilog

b 
(- E logbX,) 

g n I 
(3) 

where 

Xg = geometric mean 

n = number of values 

logtXi = logarithms of individual data values 

Either common, logarithms (log10) or natural logarithms (loge) can be .used to 

calculate the geometric mean. The necessary tables of logs and antilogs are found in 

mathematics and statistics textbooks and in standard reference books such as the 

Handbook of Chemistry and PhYSics. Software pr~grams are also available. 
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7.1.4 Geometric Standard Deviation 

Th@ geometric standard deviation, used when data are distributed lognormally 

rather than' normally, is ~efin@d as follows: 

. where 

s = antilOg 
8 

Sg = geometric standard deviation 

logXi = logarithm of indiv,idual data values 

n = numberofvalues 

7.2 DATA QUALITY INDICATORS 

(4) 

"How good are the data?" Because project success depends on the answer, 

data quality is used as an indicator of project performance. Six terms frequently 

used to describe data quality are precision, accuracy, completeness, method 

detection limit, representativeness, and comparability. Each is defined in the 

following sections, but, as shown there, the definitions are not always quantitative 

or universally accepted. Nevertheless, the definitions do provide a common ground 

for discussions on data quality. ' 

7.2.1 Precision 
Precision is a measure of agreement among two or more determinations of the 

same parameter under similar conditions. Two terms used to describe precision are 

relative percent difference (RPD) and relative standard deviation (RSD) (also called 

the coeff.icient of variation), depending on whether two or mOJe than two replicates 

are used. ' 

If precision is calculated from duplicate measurements, use 

where 

RPD 

XI 

X2 

100 (Xl - X.) 
RPD=---­

(Xl + X.}/2 . 

= relative percent difference 

= larger of the two values 

= smaller of the two values 
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If precision is calculated from three or more replicates, use RSD rather than 

RPD: 

RSD = 100 (siX> (6) 
where 

RSD = relative standard deviation 

s = standard deviation (see Equation 2) 

X = mean of replicate analyses 

For two replicates, RSD = RPD/V2 

7.2.2 Accuracy 

Accuracy is the degree of agreement between a measured value and the true, 

expected, or accepted value. It is frequently expressed in terms of percent recovery 

(% R) whether Standard Reference Materials (SRMs) or spiked samples (known 

concentrations of test materials added to samples) are used. 

If SRMs are used, accuracy is expressed as follows: 

where 

%R 

CM 

CSRM 

= percent recovery 

= measured concentration of SRM . . 

= actua I concentration of SRM 

When spikes are added to samples, %R is calculated as follows: 

%R = 100 (C - C )lC 
, U BO 

wher~ 

%R :;; percent recovery, 

Cs = measured concentration in spiked aliquot 

Cu = measured concentration in unspiked aliquot 

Csa = actual concentration of spik.e 
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When measurement systems for ambient air monitoring are audited, accuracy 

is expressed as follows: 

RPD = 100 (C - c)le m II II 

where 

RPl) = relative percent difference 
Cm . - measured value of audit standard 
Co. = actual value of audit standard 

7.2.3 Completeness 

(9) 

Completeness is a measure of the amount of valid data obtained compared 

with that expected to be obtained under normal operating conditions. It is defined 

as follows for all measurements: 

%C = 100 (n In) 
.11 

(10) 

where 

%C = percent completeness 

nv = number of valid measurements 
n = total number of planned measurements 

The above equation is a simplified definition. In actuality, %C must be tied to the 

specific statistical level of confidence needed'for decision making. Obviously, a 

decision needing, saY,a 99% confidence level needs more valid data than one 

requiring only an 80% level. A statistician should be consulted for guidance on this 

topic. 

7.2.4 Method Detection Limit 
. The method detection limit (MOL), the lowest concentration of an analytethat 

can be measured by a given procedure, is as much a statistical as an analytical 

concept, and there are numerous definitions. One definition favored by statisticians 

is as follows: 

where 

MDL 
s 

t(n-I, I-a = 0,99) 

MDL = st 
(Il-l. I-a"" 0.99) 

(11) 

L 

= method detection liniit 
= standard deviation' of the replicates at the lowest 

concentration 
= Student's t-value appropriate to a 99% confidence level 

and a standard deViation estimate with n-1 degrees of 
freedom 
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Field and laboratory personnel frequently use a much simpler version: 

MDL = (N)(s) (12) 
where 

MDL = method detection limit 

N = a multiplier between 3' and 10 

s :: standard deviation 

7.2.5 Representativeness 
Representativeness expresses how closely a sample reflects the characteristics 

of the substance for which it is a surrogate. Ideally, the representativeness of the 

sample would be 100%; practically, however, the quantitative value is rarely known. 

Every effort is made to ensure that the sample is truly representative, by using such 

techniques as thorough mixing to obtain homogeneity, duplicate analyses, and such. 

Problems with uniformity are not so great with air samples as with liquids or solids 

because of the nature of the air media. 

7.2.6 Comparability 
Comparability refers to how confidently one data set can be compared with 

another. Ideally, all data would be completely comparable, so comparability would 

be 100%. Practically, because t~e data were collected under different conditions 

and for different purposes, comparing data sets must be done very cautiously. See 

Section 6_8 for more details. 
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SECTIONS 

AUDITS 

Managers need to know how well things are going on their projects. Is a 

particular project performing according to specifications? An audit, a management 

tool used to answer that question, is a formal, detailed .study of one or more aspects 

of a project by independent auditors. The ·project is not audited at random, but 

against specific criteria previously determined by the manager to be critical to 

project success. Many audits are held shortly after the project has become 

operational, to detect and correct problems before they affect data quality 

adversely. 

A cooperative effort of auditors and auditees (to gather the needed 

information efficiently and completely) gives the best results. There is no room for 

"Gotcha!" in any audit. 

The audit report describes any problems found and may suggest appropriate 

corrective actions. Equally important, it also covers those aspects that were 

operating as specified. Thus, t~e manager learns what is going well, not just what 

needs attention. 

An audit focuses on one or more of the following components of a project. 

• People 

• Proced u res 

• Equipment 

• Data 

• Documentation 

The success of any project depends on how well the people follow procedures, 

operate equipment, collect and interpret data, and carefully document their 

activities. 

8.1 DOCUMENTATION 

A poor paper trail can lead to even poorer audit results. During their on-site 

visit, auditors can observe only the cUrrer.1t operations first hand; for previous ones, 

they must depend on written documentation. Verbal assurances from the auditees 
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are not enough to convince the auditors that proper procedures had, indeed, been 

-followed. Only clear, complete, written documentation can do that. 

8.2 AUDIT TYPES 
The QA project plan is the basis for all four audit types described in the 

following sections. Although the audit is used to determine w~ether criteria 

stipulated 1n the plan are being met, any. additional findings are also included in the' 

report. 

8.2.1 Technical Systems Audit 
The technical systems audit, a qualitative on-site evaluation of an entire 

measurement'system, is used frequently in an air monitoring program, It looks at 

everything - all facilities, equipment, systems, record keeping, data validation, 

operations, maintenance, calibration procedures, reporting requirements, and QC 

procedures. ,Findings from this,global revie~ ca~ then be used to focus efforts on 

specific parts of the measurement system that need attention to obtain the desired 

data quality. Systems audits are normally done immediately before, or shortly after, 

measurement systems are operational, and should also be performed on a regularly 

scheduled basis throughout the lifetime of the project. 

8.2.2 Performance-Evaluation Audit 
The performance evaluation audit, also used frequently in air monitoring 

studies, is a quantitative evaluation of a part or parts of a measurement system, 

including all associated data acquisition and reduction procedures. It involves the 

analysis of a reference material of known value or composition and critical to the 

success of the project. -The reference material is usually disguised as a typical proj~ct 
sample so that the operator or analyst will riot give it any undue special attention, 

Long-term projects require regularly scheduled performance audits. Although a 

performance audit may show that a system is out-of-control, a systems audit may be 

needed to pinpoint the cause and target the corrective action. 

8.2.3 Audit of Data Quality 
An audit of data quality exhaustively evaluates the methods used to collect, 

interpret, and report data quality. The following criteria are evaluated against the 

QA project plan and other pertinent guidelines: 
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• Recording and transfer of raw data 

• Calculations, including equations used for presentation of data 

• Documentation of data-handling procedures 

• Selection and discussion of data-quality indicators, including precision, 
accuracy, representativeness, comparability, and completeness 

8.2.4 Management Systems Audit , 
A management systems audit (or review) examines the structures and processes 

used by management to achieve the desired data quality. Broad in scope, it 

frequently covers multiple projects within a larger program. laboratory and field 

personnel rarely participate directly in this type of audit. 

8.3 AUDIT PROCEDURES 
Detailed planning is the essence of any good audit. Without it, the resulting 

chaos causes short tempers and sloppy work; with it, the ensuing cooperation fosters 

harmony and success. In addition to auditor and auditee, a third party, the sponsor, 

plays a key role. As commonly occurs in government and industry, a sponsor funds 

the project and requests the audit. The following sections describe critical 

interactions among these three,parties. If only auditor and auditee are involved, the 

audit procedure is simpler because the auditor assumes the functions of the sponsor. 

8.3.1 Preaudit Activities 

Decisions made by the sponsor in the preaudit planning phase determine the 

course of the audit. As shown in the following summary, all, three parties 

communicate extensively to ensure that there will be no hidden agendas and no 

surprises. 

A. RESPONSIBILITIES OF THE SPONSOR 

The sponsor's project manager and QA manager decide on the following 

audit details. 

(1) Intent, scope, cost, and frequency o-f auditing activities 

(2) Parts of project to be audited 

(3) Audit schedule 

(4) Qualifications needed for auditors 
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(5) Action to be taken by auditors if they discover out-of-control 
situations 

(6) Potential for organizational conflict of interest between auditors, 
and auditees 

(7) Selection of proposed auditors 

Of these items, (5) is the most critical. Out-at-control ,situations can arise, ' 

in the tield, the laboratory, or in data handling operations, What shoutd 

the auditors do? Correct the problem immediately and cite it in the 

report? Take no corrective action and cite the problem in the report? 

Use some other approach? Whatever the answer, it must be spelled out 

and agreed upon by all parties before the audit can begin. The sponsor's 

project manager then notifies the auditee of the purpose and scope of 

the audit and requests comments on the following items. 

(8) Acceptability of preceding points (1) through (7) 

(9) Actual or perceived, current or potential, conflicts of interest 

(10) Necessity for a preaudit, face-to-face meeting of auditor, auditee, 
and sponsor 

(11) Location, date, and time of meeting, if requested in item (10) 

B. RESPONSIBILITIES OF THE AUDITEE 

The auditee or the sponsor's project manager then sends the following 

information to the auditor. 

(1) Details of project operation (SOPs, site locations, QA project plan, 
operator proficiency and training, sampling schedule, etc.) 

(2) Name of person to contact for additional information 

C. RESPONSIBILITIES OF THE AUDITOR 

The auditor responds by sending the following information to the auditee. 

(1) Standard operating procedures to be, used in the audit 

(2) Parts of the project to be audited, and by whom 

(3) Qualifications of the auditors 
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(4) Name of person to contact for additional information 

(5) Authority and responsibility of the auditors to take action if a 
problem is found . . 

Note: All parties must address all of the above points and come 
to an agreement on them before the audit begins. 

8.3.2 Conducting the Audit 
The audit should proceed smoothly because of the preaudit agreements. Steps 

in the actual audit are as follows. 

A. The audit is conducted according to the preaudit agreements. If any 
party feels that changes are needed, it must then notify all other 
parties and gain approval before deviating from the agreements. 

B. Auditor informs auditee (on site or by phone/faX/E-Mail, as 
appropriate) of preliminary audit findings and recommendations for 
corrective action. . 

C. Auditor tries to resolve any disagreements before feaving the site. 

D. If disagreements between auditee and auditor cannot be resolved, 
auditor contacts spon.sor's project manager, QA manager, or the 
auditee's project manager, depending on the preaudit agreements. 

E. In the audit report, the auditor includes the outcome of this 
postaudit discussion and identifies still unresolved disagreements. 

8.3.3 Preparation of the Audit Report 
An audit report is the last step in the auditing process. As shown in the 

sequence below, the auditee has significant input. 

A. Auditor briefs sponsor's project manager and QA manager on the 
audit findings. 

B. Auditor prepares draft audit report and submits it, and all supporting 
data, to the QA manager. 

C. The QA manager determines if th~ report meets the sponsor's 
guidelines for clarity, accuracy, completeness, etc. (If not, the report 
is returned for revision.)' . 

D. Once the draft report is accepted by the QA manager, it is sent to 
both the sponsor's project manager and to the auditee. 
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E. The sponsor's project manager and the auditee send their written 
comments to the QA manager, not to the auditor. 

F. After reviewing the comments, the QA manager discusses them with 
the auditor, and, 'if necessary, arranges a meeting of all appropriate 
parties. If disagreements remain, the QA manager will recommend 
to the sponsor a course of action such as 

(1) Repeat the part of the audit in question; 

(2) Issue the audit report, but include a statemtmtthat the auditee 
has questioned a particular audit finding; or ' 

(3) Delete the item(s) under question from the report. 

If disagreements still remain, the sponsor's project manager receives the final, 

report only after the sponsor has approved the proposed course of action. If 

there are no disagreements, the QA manager releases the final report to the 

sponsor's project manager, with 'a copy to the sponsor and the auditee. 

8.3;4 Postaudit Report Activities 

The audit report is not the end of the audit. If major problems were 

discovered, the auditee must institute corrective action (see Section 9). If the 

problems were critically compromising to data quality, a special follow-up audit 

might be necessary to verify that the corrective action was adequate to allow data 

collection to resume. Corrective actions for minor problems are checked at the next 

regularly scheduled audit. 
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SECTION 9 

CORRECTIVE ACTION 

Few projects run perfectly; fewer still automatically correct the many problems, 

large and small, that inevitably arise. For that, competent, responsible people are 

required. Both assigning and accepting responsibility are critical to the succe5s of 

. any corrective action plan .. 

9.1 ROUTINE MEASUREMENTS 

Many corrective action plans are already embedded in the QC checks used for 

all routine measurements. Acceptance criteria or tolerance limits are contingency 

plans that state that "If this happens, then WE will do the following:". The nWEn 

cannot be left unspecified in the corrective action plan; a person or persons 

(chemical analyst, stack sampling operator, etc.) must be designated by title or 

function, and, if possible, by name. A statement such as nlf this measurement 

activity is out of control, all sampling will be stoppedn is unacceptable because it 

does not indicate who is responsible for making that decision. 

Field and laboratory personnel will be able to make most of the corrective 

actions needed. They must then document these actions in the appropriate 

notebooks or logbooks so that a record exists of the problems encountered and the 

solutions discovered. 

9.2 MAJOR PROBLEMS 

Sometimes, however, problems occur that field and labt?ratory staff members 

are unab~e to solve, despite their best efforts. ,These problems can aris~ during 

routine operations or as a result of performance evaluation and technical systems 

audits. Staff members must immediately bring these major problems to the 

attention of their supervisor or other individuals designated in their test or QA 

project plans to handle the problem. Because many individuals could become 

involved in the corrective action, the notification is best done by a standard 

corrective action form, a copy of which is shown in Figure 9-1. 



CORRECTIVE ACTION FORM 

Project Title _________ -'--__ _ Project No. -----
I. REQUEST FOR ASSISTANCE 

To: A Date: _ .. ----------
From: _--=B:,...-_ Signature: ________ _ 

Problem: (1) Nature 

(2) Suspected Cause --------------------

II.. PROPOSED CORRECTIVE ACTION 

To: B Date: ----------
From: _---.A..:....-_ Signature: _______ _ 

Suggestion: _________ ---'-______________ _ 

III. RESULTS OF PROPOSED CORRECTIVE ACTION 

To: A Date: ---------
From: _---=B;......._ Signature: 

~-------

Results: 

Figure 9·1. Corrective Action Form. 
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The form has three parts: 

• Request for Assistance 

• Proposed Corrective Action 

• Results of Proposed Corrective Action 

A three-part, no-carbon:-required, corrective action form is highly recommended, 

especially for field use, where photocopiers are rarely available. Space is provided 

for signatures and a brief outline of the problem, the proposed solution, and the 

results. Each person signing the form should feel free to attach any other needed 

material, but must also keep a copy of the complete packet in his or her own filesfor 

ready access should a similar problem arise. 
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