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PREFACE 

This manual is one of a series of manuals on techniques used by the U.S. 
Geological Survey for planning and conducting water-resources investigations. 
The material is arranged under major subject headings called books and is 
further subdivided into sections and chapters. Book 5 is on laboratory analyses; 
section A is on water. The unit of publication, the chapter, is limited to a 
narrow field of subject matter. “Quality Assurance Practices for the Chemical 
and Biological Analyses of Water and Fluvial Sediments” is the sixth chapter 
under Section A of Book 5. The chapter number includes the letter of the 
section. 

This chapter was prepared with the assistance of many Geological Survey 
chemists and hydrologists as a means of documenting and making available 
the practices used by the Geological Survey to assure the quality of water-qual- 
ity data produced by the collection and analysis of water, fluvial sediments, 
and aquatic organisms. Documentation of practices associated with certain spe- 
cific instruments, such as inductively-coupled plasma spectrometers, mass spec- 
trometers, and alpha counters is not yet complete. It is intended that, when 
completed, they and other practices will be incorporated in a supplement to 
or in a new addition of this chapter. 

The editors appreciate receiving permission from the American Society for 
Testing and Materials to reprint from the “Annual Book of ASTM Standards, 
Part 41,” table 1 “Critical Values for T,” table’5 “Significance levels for-” 
and table 6 “Significance Levels for ba,” from Method E-178; permission from 
the Association of Official Analytical Chemists for permission to reprint table 
7 “Approximate five percent two-tail limits for ranking scores” from W. J. 
Youden’s “Statistical Techniques for Collaborative Tests” in the “Statistical 
Manual of the AOAC”; permission from George W. Snedecor, William G. Coc- 
hran, and the Iowa State University Press for permission to reprint parts 
of the table “5 percent and 1 percent points for the distribution for F” in 
the sixth edition of “Statistical Methods”; permission from Eugene L. Grant, 
Richard S. Leavenworth, and McGraw-Hill Book Co. to reprint table B, “Fac- 
tors for estimating u’ from R or F,” table C, “Factors for determining from 
Z? the 3-sigma control limits for X and R charts,” and table D, “Factor for 
determining from (T the 3-sigma control limits for X and u charts” from the 
fourth edition of “Statistical Quality Control”; and permission from Wilfred 
J. Dixon, Frank J. Massey, Jr., and McGraw-Hill Book Co. for permission 
to reprint tables A-8e, “Criteria for testing for extreme mean,” and table 
A-18a, “Percentiles of the distribuion of q=w/s” from the third edition of “In- 
troduction to Statistical Analysis.” 

The editors are also grateful to the Literary Executor of the late Sir Ronald 
A. Fisher, F. R. S., to Dr. Frank Yates, F. R. S., and to Longman Group 
Ltd., London, for permission to reprint table III “Distribution of t” from their 
book “Statistical Tables for Biological, Agricultural and Medical Research,” 
(sixth edition, 1974). 

Reference to trade names, commercial products, manufacturers, and dis- 
tributors in this manual does not constitute endorsement by the Geological 
Survey nor recommendation for use. 
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TECHNIQUES OF WATER-RESOURCES 
INVESTIGATIONS OF THE 

U.S. GEOLOGICAL SURVEY 

The U.S. Geological Survey publishes a series of manuals describing proce- 
dures for planning and conducting specialized work in water-resources investi- 
gations. The manuals published to date are listed below and may be ordered 
by mail from the Eastern Distribution Branch, Text Products Section, U.S. 
Geological Survey, 604 South Pickett St., Alexandria, Va. 22304 (an au- 
thorized agent of the Superintendent of Documents, Government Printing Of- 
fice). 

Prepayment is required. Remittances should be sent by check or money order 
payable to U.S. Geological Survey. Prices are not included in the listing below 
as they are subject to change. Current prices can be obtained by calling 
the USGS Branch of Distribution, phone (703) 756-6141. Prices include cost 
of domestic surface transportation. For transmittal outside the U.S.A. (except 
to ‘Canada and Mexico) a surcharge of 25 percent of the net bill should be 
included to cover surface transportation. 

When ordering any of these publications, please give the title, book number, 
chapter number, and “U.S. Geological Survey Techniques of Water-Resources 
Investigations.” 

TWI I-Dl. Water temperature-infhrentiai factors, field measurement, and data presentation, 
by H. H. Stevens, Jr., J. F. Ficke, and G. F. Smoot, 1975,65 pages. 

TWI l-D2. Guidelines for collection and field analysis of ground-water samples for selected 
unstable constituents, by W. W. Wood, 1976,24 pages. 

TWI 2-Dl. Application of surface geophysics to ground-water investigations, by A. A. R: Zohdy, 
G. P. Eaton, and D. R. Mabey, 1974, 116 pages. 

TWI 2-El. Application of borehole geophysics to water-resources investigations, by W. S. Keys 
and L. M. MacCary, 1971, 126 pages. 

TWI 3-Al. General field and office procedures for indirect discharge measurements, by M. A. 
Benson and Tate Dahymple, 1967,30 pages. 

TWI 3-A2. Measurement of peak discharge by the slope-area method, by Tate Dairymple and 
M. A. Benson, 1967,12 pages. 

TWI 3-A3. Measurement of peak discharge at culverts by indirect methods, by G. L. Bodhaine, 
196360 pages. 

TWI 3-A4. Measurement of peak discharge at width contractions by indirect methods, by H. 
F. Matthai, 1967, 44 pages. 

TWI 3-A5. Measurement of peak discharge at dams by indirect methods, by Harry Hulsing, 
1967,29 pages. 

TWI 3-A6. General procedure for gaging streams, by R. W. Carter and Jacob Davidian, 1963, 
13 pages. 

TWI 3-A7. Stage measurements at gaging stations, by T. J. Buchanan and W. P. Somers, 
196323 pages. 
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Some statistical tools in hydrology, by H. C. Riggs, 1968,39 pages. 
Frequency curves, by H. C. Riggs, 1968, 15 pages. 
Low-flow investigations, by H. C. Riggs, 1972, 18 pages. 
Storage analyses for water supply, by H. C. Riggs and C. H. Hardison, 1973, 
20 pages. 
Regional analyses of streamflow characteristics, by H. C. Riggs, 1973,15 pages. 
Computation of rate and volume of stream depletion by wells, by C. T. Jenkins, 
1970,17 pages. 
Methods for determination of inorganic substances in water and fluvial sediments, 
by M. W. Skougstad and others, editors, 1979,626 pages. 
Determination of minor elements in water by emission spectroscopy, by P. R. Bar- 
nett and E. C. Mallory, Jr. 1971,31 pages. 
Methods for analysis of organic substances in water, by D. F. Goerlitz and Eugene 
Brown, 1972,40 pages. 
Methods for collection and analysis of aquatic biological and microbiological samples, 
edited by P. E. Greeson, T. A. Ehlke, G. A. Irwin, B. W. Lium, and K. V. Slack, 
1977,332 pages. 

TWI 5-A5. Methods for determination of radioactive substances in water and fluvial sediments, 
by L. L. Thatcher, V. J. Janzer, and K. W. Edwards, 1977,95 pages. 

TWI 5-Cl. Laboratory theory and methods for sediment analysis, by H. P. Guy, 1969, 58 
pages. 

TWI ‘i’-Cl. Finite difference model for aquifer simulation in two dimensions with results of 
numerical experiments,, by P. C. Trescott, G. F. Pinder, and S. P. Larson, 1976, 
116 pages. 

TWI 7-C2. Computer model of two-dimensional solute transport and dispersion in ground water, 
by L. F. Konikow and J. D. Bredehoeft, 1978,99 pages. 

TWI 7-C3. A model for simulation of flow in singular and interconnected channels, by R. W. 
Schaffranek, R. A. Baltzer, and D. E. Goldberg, 1981, 110 pages. 

TWI 8-Al. Methods of measuring water levels in deep wells, by M. S. Garber and F. C. Koop- 
man, 1968,23 pages. 

TWI 8-B2. Calibration and maintenance of vertical-axis type current meters, by G. F. Smoot 
and C. E. Novak, 1968,15 pages. 

V 



CONTRIBUTORS 
ANALYTICAL METHODS 

DEVELOPMENT PROCEDURES 
M. J. Fishman 

L. C. Friedman 

B. A. Mala 

STANDARD QUANTITATIVE 

ANALYSIS TECHNIQUES 

LABORATORY QUALITY CONTROL 

M. G. Brooks 

D. E. Erdmann 

L. C. Friedman 

A. J. Horowitz 
D. B. Manigold 

B. A. Malo 

D. E. Erdmann 
L. C. Friedman 

A. H. Handy, III. 

INSTRUMENTAL TECHNIQUES 

M. G. Brooks 

D. E. Erdmann 

L. C. Friedman 

D. B. Manigold 
H. E. Taylor 

QUALITY ASSURANCE MONITORING 

W. H. Doyle, Jr. 
D. E. Erdmann 

L. C. Friedman 

R. E. Gust 
A. H. Handy, Ill. 

V. J. Janzer 

DOCUMENTATION, SUMMARY, AND 
EVALUATION OF DATA 

REFERENCE MATERIAL 

D. E. Erdmann 

M. J. Fishman 

L. C. Friedman 

L. J. Schroder 

0. J. Feist 

L. C. Friedman 

V. J. Janzer 

MATERIALS EVALUATION 

L. C. Friedman 

L. J. Schroder 

Gratefully acknowledged is the time and effort spent by Barbara Kemp in the typing 

and preparation of this manual. Also acknowledged are the many helpful suggestions and 
comments from personnel in the Denver and Atlanta Central Laboratories. 

VI 



CONTENTS 

Preface .............................. 
Contributors ........................... 
Abstract ............................. 
Introduction ........................... 

Purpose .......................... 
scope ............................ 
Definitions ......................... 
References ........................ 

Analytical methods development procedures .... 
Single operator precision .............. 
Bias ............................. 
Chemical interferences ................ 
Intralaboratory precision and bias ........ 
Interlaboratory precision ............... 
Acceptance or rejection of a new method . . 

Standard quantitative analysis techniques ...... 
Cleaning glassware ................... 
Correction for color interference ......... 
Gravimetry ........................ 
Reagents and gases .................. 
Standard-addition technique ............. 
Titrimetry ......................... 

Instrumental techniques .................. 
Instrument maintenance ............... 
Analytical balances ................... 
Atomic absorption spectrometers ......... 
Automated analyzers ................. 
Calorimetric spectrometers ............. 
Conductivity meters .................. 
Gas chromatographs .................. 
Potentiometers ...................... 

Reference material .......... ., ........... 
Preparation of ampouled concentrates ..... 
Preparation of natural water reference material . 
Development of statistical data for standard 

reference water samples ............. 
Laboratory quality control ................ 

Biological quality control .............. 
Analysis of aquatic organisms (benthic 

invertebrates, phytoplankton, and 
periphyton) .................... 

Bacteriological analysis ............. 
Inorganic quality control ............... 

Atomic absorption analysis .......... 
Automated calorimetric or potentiometric 

analysis ...................... 
Automated measurement of specific 

conductance and pH ............. 
Calorimetric analysis .............. 

III 
IV 

1 
1 
2 
2 
2 
3 
5 
5 
9 

11 
13 
15 
19 
21 
21 
23 
25 
27 
31 
33 
35 
35 
37 
39 
43 
47 
51 
53 
59 
63 
63 
65 

67 
69 
69 

sg 
70 
75 
75 

76 

78 
79 

Laboratory quality control-Continued 
Inorganic quality control-Continued 

Determination of color or turbidity . . . . 
Determination of pH . . . . . . . . . . . . . . 
Determination of solids concentration . . . 
Determination of specific conductance . . 
Electrometric titration (alkalinity and 

acidity) . . . . . . . . . . . . . . . . . . . . . . 
Organic quality control . . . . . . . . . . . . . . . . 

Gas chromatographic analysis . . . . . . . . 
Quality control charts . . . . . . . . . . . . . . . . . 
Quality control duties and responsibilities of 

section leader . . . . . . . . . . . . . . . . . . . . . 
Quality assurance monitoring . . . . . . . . . . . . . . 

Analytical data review and quality assurance . 
Reference material submitted by laboratory 

management . . . . . . . . . . . . . . . . . . . . . . 
Reference material submitted from outside the 

laboratory . . . . . . . . . . . . . . . . . . . . . . . 
Reference material submitted to cooperator and 

contractor laboratories . . . . . . . . . . . . . . . 
Reference material use in monitoring field pH 

and specific conductance measurements . . . 
Quality assurance and quality control personnel . 

Documentation, summary, and evaluation of data . 
Required documentation and review of data . 
Evaluation of field reference material data . 
Initial evaluation of cooperator and contractor 

laboratories . . . . . . . . . . . . . . . . . . . . . . 
Methods for data summation and evaluations: 

tabular presentations . . . . . . . . . . . . . . . . 
Methods used for data evaluation: graphical 

presentations . . . . . . . . . . . . . . . . . . . . . 
Methods used for data evaluation: t-test . . . 
Methods used for data evaluation: a test of 

laboratory variance . . . . . . . . . . . . . . . . . 
Materials evaluation . . . . . . . . . . . . . . . . . . . . . 

Selection of sample . . . . . . . . . . . . . . . . . . 
Single sampling with operating characteristic 

curves . . . . . . . . . . . . . . . . . . . . . . . . . . 
Single sampling plans, to obtain lots of 

acceptable quality . . . . . . . . . . . . . . . . . . 
Double sampling plans, to obtain lots of 

acceptable quality . . . . . . . . . . . . . . . . . . 
Sequential sampling plans, to obtain lots of 

acceptable quality . . . . . . . . . . . . . . . . . . 
Reducing sample inspection . . . . . . . . . . . . . 

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

VII 

81 
81 
82 
33 

35 
a7 
87 
91 

101 
163 
163 

169 

111 

113 

117 
119 
121 
121 
123 

125 

135 

141 
147 

149 
153 
153 

155 

159 

161 

163 
167 
169 



VIII CONTENTS 

FIGURES 

1. Distortion of regression line by unequal distribution of values ............................... 
2. Bias and precision, results of new and accepted analytical methods ........................... 
3. Example of standard-addition method ................................................. 
4. Standard Reference Water Sample 65 histogram for cadmium ............................... 
5. Concentration control chart: plot of mean values ......................................... 
6. Concentration control chart: plot of individual values ...................................... 
7. Standard deviation increment control chart ............................................. 
8. Standard deviation control chart for replicate analyses ..................................... 
9. Range control chart for replicate analyses ............................................. 

10. Range control chart for duplicate analyses ............................................. 
11. Tentative model for duplicate analyses of polychlorinated biphenyls, total in bottom material ......... 
12. Control chart for differences in “duplicate” analyses, for cases in which the difference between analyses 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 

27. 

28. 
29. 
30. 
31. 
32. 
33. 

34. 

35. 

varies with mean concentration .................................................... 
Control chart for bias, based on recovery of spike ....................................... 
Determination of bias using a diluted duplicate sample .................................... 
Cation and anion percent difference curve ............................................. 
Example of computer-generated “error” messages ........................................ 
Example of computer messages for reference samples submitted by laboratory management .......... 
Example of computer-generated reference sample report ................................... 
Example of section responses to reference sample “errors” ................................. 
Example of field laboratory evaluation graph ........................................... 
Sample evaluation form for laboratories providing analytical data for the U.S. Geological Survey ...... 
Estimation of bias using two samples ................................................. 
Example of chart showing positive bias ............................................... 
Example of chart showing positive bias and lack of precision ............................... 
Results from the analysis of magnesium in Standard Reference Water Sample 68 ................. 
Use of bar graph to depict (A) percentages of correct results achieved by five laboratories in an inter- 

laboratory study and to show (B) the percent increase or decrease in correct results since last 
interlaboratory study ........................................................... 

Relationship between the concentration difference and mean for duplicate determinations of polychlorinated 
biphenyls in bottom material ..................................................... 

Operating characteristic curves for sample size of 10 ...................................... 
Operating characteristic curves for sample size of 20 ...................................... 
Operating characteristic curves for sample size of 56 ...................................... 
Operating characteristic curves for sample size of 100 ..................................... 
Sequential sampling .............................................................. 
Sequential sampling: e-percent chance of accepting a lot with 5-percent defective items, and 5-percent chance of 

rejecting a lot with l-percent defective items ......................................... 
Sequential sampling: 16-percent chance of accepting a lot with 5-percent defective items, and 5-percent chance of 

rejecting a lot with l-percent defective items ......................................... 
Sequential sampling: lo-percent chance of accepting a lot with I-percent defective items, and lo-percent chance of 

rejecting a lot with l-percent defective items ......................................... 

Page 
7 

20 
31 
68 
92 
94 
94 
95 
95 
96 
97 

97 
98 
99 

164 
108 
110 
112 
112 
124 
126 
141 
143 
143 
143 

144 

145 
156 
156 
156 
156 
163 

164 

164 

164 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

0 26. 
27. 
28. 
Al. 
A2. 
A3. 
A4. 
A5. 

A6a. 

CONTENTS IX 

TABLES 

Example: Data from five laboratories for analysis of four samples ........................... 
Example: Ranking of data prior to rejection of “outlying” laboratories ........................ 
Example: Analytical results of two methods ........................................... 
Grades of chemicals and solvents .................................................. 
Typical grades of gases ......................................................... 
General useage guide for chemicals, solvents, and gases .................................. 
Cultures for use in testing media .................................................. 
Computerized comparison of dissolved and total or total recoverable constituents ................ 
Comparison of solids ........................................................... 
Trace constituent concentrations which will contribute to milliequivalent sum ................... 
Summary of standard reference water sample results for fluoride analyses ..................... 
Summary of nutrient quality control data: 11/77-12177 ................................... 
Comparison of results of radiochemical analyses and most probable values ..................... 
Comparison by WRD Region of field laboratory evaluation Round 1 pH data .................. 
Example of computer-produced table of frequency distribution of pH and specific conductance results . 
Results from duplicate analyses in which results are compared to ranges based on published precision data . 
Duplicate analyses of polychlorinated biphenyls, total in bottom material ...................... 
Radium-226 analyses of water by radon emanation method ................................ 
Unknown replicates: gross alpha and beta radioactivity and uranium ......................... 
Example: Analytical’ results from 12 laboratories, tabulated prior to graphical evaluation ........... 
Paired data tabulation .......................................................... 
Example: Data tabulation for a given constituent, as reported by four laboratories .............. 
Typical data tabulation for analysis of variance ........................................ 
Example: Ranking of mean data ................................................... 
Excerpt from Mil-Std-105D, single sampling plan ....................................... 
Excerpt from Mil-Std-105D, double sampling plan ...................................... 
Excerpt from Mil-Std-105D, maximum number of defective items allowed for reduced inspection ..... 
Excerpt from Mil-Std-105D, reduced inspection ........................................ 
Critical values for T ........................................................... 
Criteria for testing out$ing value ................................................. 
Significant values forVbl ........................ : ............................... 
Significant values for bs ........................................................ 
Approximate 5 percent limits for ranking scores (two-sided test) ........................... 
Five percent values for the distribution of F ......................................... 

Page 
16 
16 
19 
28 
29 
29 
72 

106 
107 
108 
136 
136 
137 
137 
138 
139 
140 
140 
140 
142 
148 
149 
150 
151 
159 
161 
167 
168 
171 
172 
172 
172 
173 
174 
176 
178 
178 
179 
179 
180 
181 

A6b. One percent values for the distribution of F . . . . . . . . . . . . . . ......................... 
A?‘. Factor ca, for use in estimating control chart limits . . . . . . . . . ......................... 
A8. Factors ds and AZ, for use in estimating control chart limits . . . ......................... 
A9. Factors B3 and B4, for use in estimating control chart limits . . . ......................... 

AlO. Factors 03 and 04 for use in estimating control chart limits . . . ......................... 
All. t-distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................... 
A12. Percentiles of the p distribution . . . . . . . . . . . . . . . . . . . . . . . . ......................... 



QUALITY ASSURANCE PRACTICES FOR THE CHEMICAL AND 
BIOLOGICAL ANALYSES OF WATER AND FLUVIAL SEDIMENTS 

Linda C. Friedman and David E. Erdmann 

Abstract 

This chapter contains practices used by the U.S.Geologi- 
cal Survey to assure the quality of analytical data for water, 
fluvial sediment, and aquatic organisms. 

These practices are directed primarily toward personnel 
making water quality measurements. Some detail specific 
quality control techniques, others document quality assur- 
ance procedures being used by the Central Laboratories 
System of the U.S. Geological Survey, and still others de- 
scribe various statistical techniques and give examples of 
their use in evaluating and assuring the quality of analytical 
data. 

The practices are arranged into eight sections: 
Analytical Methods Development Procedures 
Standard Quantitative Analysis Techniques 
Instrumental Techniques 
Reference Material 
Laboratory Quality Control 
Quality Assurance Monitoring 
Documentation, Summary, and Evaluation of Data 
Materials Evaluation 

Each section is preceded by a brief description of the 
material covered. Similarly within each section, each prac- 
tice is preceded by a description of its application or scope. 

Introduction 

The Department of the Interior has a basic 
responsibility for the appraisal, conservation, 
and efficient utilization of the Nation’s natural 
resources-including water as a resource as 
well as water involved in the use and develop- 
ment of other resources. As one of several In- 
terior agencies, the Geological Survey’s primary 
function in relation to water is to assess its 
availability and utility as a national resource for 
all uses. The Geological Survey’s responsibility 
for water appraisal includes assessments of the 
location, quantity, availability, and quality of 
water. 

As part of its mission, the Geological Survey 
is responsible for producing a large part of the 

Nation’s water-quality data. These data are 
gathered through the collection and chemical, 
biological, and physical analyses of water, water 
plus suspended sediments, and bottom mate- 
rials, and are produced not only by the laborato- 
ries and field units of the Geological Survey, 
but also by other organizations in cooperation 
with or through contract with the Geological 
Survey. 

This manual is one of a series prepared to 
document and make available data collection 
and analysis procedures used by the Geological 
Survey. The series describes procedures for 
planning and executing specialized work in 
water-resources investigations. The unit of 
publication, the chapter, is limited to a narrow 
field of subject matter. This format permits 
flexibility in revision and publication as the 
need arises. For convenience the chapters on 
methods for water-quality analysis are grouped 
into the following categories: 

Inorganic substances 
Minor elements by emission spectroscopy 
Organic substances 
Aquatic biological and microbiological 

samples 
Radioactive substances 
Quality assurance practices 

Interpretation and utilization of analytical 
data’are affected strongly by the data’s reliabil- 
ity. This chapter contains specific practices to 
be used in assuring, documenting, and evaluat- 
ing the quality of water-quality data produced 
or used by the Geological Survey. As additional 
quality assurance practices are completed, they 
will be incorporated in a supplement to or in 
a new edition of this chapter and will be avail- 
able from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, 
D.C. 20402. 
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2 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

Purpose 

Analytical data must be comparable no mat- 
ter when and where the analyses were made 
and what methodology and specialized tech- 
niques were followed. In an era of rapidly 
changing technology for the study of water- 
quality characteristics, the difficulty of looking 
at long-term characteristics of the nation’s wat- 
ers is compounded by the problem of knowing 
whether data produced today by laboratory A 
using method X will have the same precision 
and bias as data produced 10 years in the future 
by laboratory B using method Y. The purpose 
of this chapter is to record and disseminate 
practices used by the Geological Survey to con- 
trol and assure the quality of analytical data 
so that the data will be of known accuracy and 
can be compared. 

Scope 

This chapter includes techniques and proce- 
dures found applicable to the quality control and 
quality assurance of water and fluvial sediment 
data. Practices are directed primarily towards 
personnel making water quality measurements 
and detail procedures which are necessary to 
evaluate and assure the quality of analytical 
data. Practices are grouped in eight sections: 

“Analytical Methods Development,” includes 
procedures for determining the precision and 
bias of analytical methods and a procedure to 
be used in considering whether a new method 
is to be preferred over an established one. 
Statistical concepts and formulas are presented. 

“Standard Quantitative Analysis Tech- 
niques,” includes basic techniques, necessary to 
anyone in an analytical laboratory. It supple- 
ments, not substitutes for, techniques described 
in basic texts on quantitative analysis. 

“Instrumental Techniques,” describes quality 
control measures for instruments currently in 
use in water-analysis laboratories. Special em- 
phasis is placed on operation and calibration of 
these instruments. 

“Reference Material,” presents methods for 
preparing ampouled concentrate and natural 
water matrix reference materials. Statistical 
techniques used in the Geological Survey’s 

Standard Reference Water Samples program 
are also described. 

“Laboratory Quality Control,” describes pro- 
cedures necessary for specific analytical tech- 
niques and determinations. Methods for the 
preparation and use of quality control charts are 
also given. 

“Quality Assurance Monitoring,” describes 
procedures which can be used by someone “out- 
side” the laboratory or by the heads of large 
laboratories to assure analytical quality. 

“Documentation, Summary, and Evaluation 
of Data,” describes records to be kept and pre- 
sents various tabular, graphical, and statistical 
examples of data summarization and evaluation. 
A program for laboratory evaluation is also de- 
scribed. 

“Materials Evaluation,” describes procedures 
to assure that materials are of adequate and 
uniform or known quality. Included is informa- 
tion on determining how many and which items 
from a large lot need to be tested. 

This chapter should be used as a supplement 
to the analytical methods chapters, (Book 5, 
Chapters Al through A5) of this series. In 
using the practices contained herein to develop 
a specific data quality assurance plan for a spe- 
cific water-quality program, many readers also 
may find the general guidelines published by 
the National Oceanic and Atmospheric Adminis- 
tration (Far-land, 1980) to be useful. Although 
many basic quantitative techniques are in- 
cluded, this chapter is not meant to be a re- 
placement for standard quantitative analysis 
texts. 

Definitions 

Accuracy. A measure of the degree of confor- 
mity of the mean value obtained by using 
a specific method or procedure with the true 
value. The concept of accuracy includes both 
bias (systematic error) and precision (ran- 
dom error). 

Average deviation. A number which represents 
the dispersion of values around their mean, 
calculated as the mean or average of the ab- 
solute deviations of all values from the 
mean. 

Bias. A persistent positive or negative devia- 
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tion of the mean value obtained by using 
a specific method or procedure from the true 
value. In practice, expressed as the differ- 
ence between the accepted true value and 
the mean value obtained by repetitive test- 
ing of a homogeneous sample. 

Degrees of freedom. The number of indepen- 
dent values used to calculate a statistic. 

Mean. The arithmetic average. 
Percent relative standard deviation. The rela- 

tive standard deviation multiplied by 100 
percent. 

Precision. The degree of agreement of repeated 
measurements of a homogenous sample by 
a specific procedure, expressed in terms of 
dispersion of the values obtained about the 
mean value. 

Quality assurance. A term used to describe pro- 
grams and the sets of procedures, including 
(but not limited to) quality control proce- 
dures, which are necessary to assure data 
reliability. In this manual, the term includes 
both practices employed by sources outside 
of an analytical laboratory and practices 
used by the head of a large laboratory to 
assure the quality of laboratory data. 

Quality control. A term used to describe the 
routine procedures used to regulate mea- 
surements and produce data of satisfactory 
quality. 

Relative standard deviation. The sample stan- 
dard deviation expressed as a fraction of the 
sample mean. Although the synomous term 
“coefficient of variation” is more usually 
found in statistics books, this manual follows 
the recommendation of the journal, “Analyt- 
ical Chemistry” that “relative standard de- 
viation is preferred over ‘coefficient of varia- 
tion’ ” (American Chemical Society, 1981). 

Standard deviation. A number which represents 
the dispersion of values around their mean 

calculated as the square root of the var- 
iance. 

Variance. A number which represents the dis- 
persion of values around the mean value, 
calculated by dividing the sum of squares 
of deviations from the mean by the appro- 
priate degrees of freedom. 
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Analytical Methods 
Development Procedures 

An analytical procedure should provide ade- Proper documentation of all data is necessary. 
quate documentation of its accuracy. Develop- If an accepted analytical procedure already 
ment of a new analytical method requires that exists for determining a certain constituent, a 
sufficient data be collected so that a decision comparison of results between the accepted and 
can be made whether to accept the method for the proposed method must be provided 
general use, to limit its use, or to reject it. 

Single Operator Precision 

1. Application or scope 
1.1 This practice details procedures for ob- 

taining a statement of single operator precision. 
It describes how the analytical standard devia- 
tion for each sample is computed, details 
criteria for rejecting outliers, and indicates how 
precision statements should be expressed de- 
pending on whether the precision is linear, con- 
stant, or curvilinear with respect to concentra- 
tion. 

1.2 All analytical procedures must include a 
single operator precision statement. The raw 
analytical data and the single operator precision 
statement should accompany the research re- 
port. 

1.3 Precision statements should be de- 
veloped for the analysis of the constituent in 
both distilled and natural water or sediment. 
Data should cover the analytical range of the 
method. 
2. Practice 

2.1 Determination of standard deviation 
2.1.1 Analyze each sample a minimum of 

10 times on two or more different days. 
21.2 Compute the standard deviation: 

where 
s = standard deviation of analysis of each sam- 
ple, 

xi = each individual value, 
Z= arithmetic mean (average) of all values, 

and 
n = number of values. 
2.2 Rejection of outliers 

2.2.1 Several tests are available for re- 
jecting values which appear to be outliers. (Any 
value which is the result of a known deviation 
from the procedure should also be rejected). If 
values are rejected, the test used should be 
stated in the report, and the standard deviation 
should be recomputed before calculating the 
single operator precision. 

2.2.2 The method for rejecting outliers 
used most commonly in the National Water 
Quality Laboratories of the U.S. Geological 
Survey is based on the T value (Grubbs test) 
as described in the American Society for Test- 
ing and Materials (ASTM) Standard E-178-30 
(1980). Compute: 

X,--3, T= - (2) 
S 

where 
T = T value for probable outlier, 
x, = concentration of probable outlier, 
2=arithmetic mean (average) of all values, 

and 
s = standard deviation of all values. 
Any computed T greater than the critical val- 

ues for T found in table Al in the appendix 
indicates that the outlier (x,) may be rejected. 

5 
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2.2.3 Dixon’s test is recommended in the 
Statistical Manual of the Association of Official 
Analytical Chemists (Youden, 1975, and 
Steiner, 1975). It may be applied by ranking 
the data and computing: 

for x, 

X,--2,-1 
%--x1 

x72--x,-l 

3&--x2 

%--x,-2 

G---x2 

x,--x,-2 

%--x3 

where 

or for x1 

x2-x1 forn<8 
&L--Xl 

x2-x1 for8snslO 
&L-l-Xl 

x3-x1 forll<ns13 
x,1-x1 

x2--x1 forI3snI25 
%-2-X1 

x, = the smallest result, and 
x, = the largest result. 
Any value greater than that found in table 

A2 in the appendix indicates that the x, or x1 
may be rejected. 

2.2.4 If several outliers are to be tested, 
the above tests are not recommended for re- 
peated rejection (ASTM method E-178, 1980). 
If suspected outliers are either all high or all 
low, the sample coefficient of skewness should 
be used; if the suspected outliers are both high 
and low, the sample coefficient of kurtosis 
should be used: 

fi=VL i (xi-~)3/(n-1)3’2s3 
i=l 

=+ (xi-~)3/[~(xi-~.)2]3’2 

where 

(3) 

a= the coefficient of skewness, and other 
svmbols are as previously defined, and 

n 

b2=n Iz i= 1 (x,-cg4/ (n- 1)V 

=n : (Xi-Z)4/ [C(Xi-LE)2]2 (4) 
i=l 

where 
b2 = the coefficient of kurtosis, and other sym- 
bols are as previously defined. 

IN or b2 exceed the values given in tables 
A3 and A4 in the appendix, then the observa- 
tion farthest from the mean should be rejected 
and the procedure repeated. 

2.3 Determination of precision 
2.3.1 Analyze samples at several concen- 

tration levels to acquire data which cover the 
analytical range of the method. Analyze at least 
three samples which contain concentrations 
which are approximately 10, 50, and 80 percent 
of the analytical range. 

2.3.2 If precision varies linearly with con- 
centration level (determined by plotting the 
means versus the standard deviation), a regres- 
sion line can be determined (NOTE 1): 

&=a+ bx (5) 

where 
S, = overall single-operator precision, 

throughout the range, 
x = concentration of the constituent, 
a= intercept of line with the y axis (NOTE 

2), and 
b = the slope of the line. 

NOTE 1. Concentrations should be evenly spaced through- 
out the range to avoid distortion. Avoid having one or two 
points at one end of the range and all other points near 
the other end of the range (fig. 1). 

NOTE 2. A negative intercept implies that the standard 
deviation is negative when the concentration is zero and, 
therefore, should be viewed with some suspicion. However, _ 
the line should not arbitrarily be discounted as being in- 
valid. It should be recognized that the line is an estimate 
of the standard deviation, that there is a standard error 
associated with this estimate, and that concentrations near 
zero may not have been available for use in developing the 
line. The line is simply assumed to be the best representa- 
tion of the standard deviation based on all available data. 
The concentration for which the line is applicable must al- 
ways be reported. 

2.3.2 If linear precision is reported, the 
correlation coefficient should also be reported 
since it will give an idea of how “good” the line 
is (NOTE 3): 

r=b s, SS 
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Figure I.-Distortion of regression line by unequal dirtri- 
bution of valuer; true regrerrion line would have 
boon drawn it concentmtionr had been equally 
rpoced throughout the analytical range. 

where 
r = the correlation coefficient, 
b = the slope of the line, 
s, = the standard deviation of the individual 

standard deviations (obtained for the analy- 
sis of each sample). 

NOTE 3. A correlation coefficient near one is an indication 
that there is a good fit of the points to the line. A correla- 
tion coefficient near zero is an indication that either there 
is a poor fit of the points or that the precision is constant 
and the line is horizontal over the concentration range 
tested. Table A-30a in Dixon and Massey (1969) can be used 
to statistically test the hypothesis that the correlation coef- 
ficient is equal to zero. If the precision does appear con- 
stant, proceed to step 2.3.3 instead of determining the re- 
gression line. 

2.3.3 If the precision appears constant 
over the range of the method, then the preci- 
sion may be expressed by the following formula 
(ASTM, D-2777-77, 1980): 

so= (n~xs~2)+(n~xs~2)+....(n,xs,2) 
nl+n2+....n, (7) 

where 
S,=The single-operator standard deviation 

over the method range, 
sn= the standard deviation of the nth sample, 

ni=the number of values for the 1st sample, 
and 

n,=the number of values for the nth sample. 

2.3.4 When precision varies curvilinearly 
with concentration, the curve should be pre- 
sented. If possible, an equation should also be 
computed (for example, S, = a + bx + cx2, where 
S, is the single operator precision, x is the con- 
centration of the constituent, a is the intercept 
of the line with the y-axis, and b and c are coef- 
ficients for the first and second order terms, 
respectively.) 

2.3.5 Precision may also be expressed in 
terms of percent relative standard deviation: 

R.D.= + x lOOpercent (8) 

where 
R.D. = the relative standard deviation in per- 

cent, 
x = the mean concentration of a sample, and 
s= the standard deviation for the, mean of 

that sample. 
2.3.6 In addition to the precision state- 

ment, the range for which the precision is appli- 
cable should also be reported. 
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Bias 

1. Application or scope 
1.1 This practice presents guidelines for de- 

veloping a bias statement. 
1.2 All analytical procedures should include 

a statement of bias. The bias statement and 
supporting raw analytical data should accom- 
pany the methods development research report. 

1.3 Bias statements are developed by using 
either a standard reference material or an ac- 
cepted method. The reference type must always 
be specified in the bias statement. 
2. Practice 

2.1 Determination of bias 
2.1.1 Analyze known reference materials 

(such as ones certified by the National Bureau 
of Standards) and compare the determined val- 
ues to the known values. 

2.1.2 Alternatively, if an accepted method 
(or methods) exists for the determination, 
analyze 25 to 50 samples by both the proposed 
and the accepted method and compare resulting 
values. 

2.1.3 In addition to or instead of the 
above procedures (if neither of them is practi- 
cal), add known amounts of a standard to dis- 

tilled and natural waters. Compare the deter- 
mined values to the concentrations added. 

2.2 Expression of bias 
2.2.1 Express bias as a percent: 

Bias = xcx~-x~’ x 100 percent (9) 
ace 

where 
X ezP = the experimental value, and 
X act = the accepted value. 

2.2.2 Bias may be expressed in terms of 
concentration rather than percent. The words 
“positive” or “negative” must prefer the concen- 
tration value. 

2.2.3 As noted in the practice, “Accep- 
tance or rejection of a new method,” a t-test 
may be used to test for the significance of the 
bias. 
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Chemical Interferences 

1. Application or scope 
1.1 This practice gives general guidelines 

for investigating nonspecificity of a method. 
1.2 Documentation of the development of an 

analytical procedure should include data relat- 
ing to suspected interfering substances. 
2. Practice 

2.1 Addition of interfering substance to 
standards and samples 

2.1.1 Spike standards and samples with a 
minimum of three different concentrations of 
the suspected interfering substance. Initial con- 
centrations of the spike should cover the range 
in which the suspected substance is expected 
to occur in nature (or from environmental pollu- 
tion), or that may result if the sediment in a 
sample is digested as in a “total” or “bottom 
material” analysis. 

2.1.2 Calculate the percent recovery of 
the consitituent being analyzed: 

Recovery= ? X 100 percent (10) 
c&cc 

where 
X eX+, = the experimental value, and 
x,,, = the accepted value. 

2.1.3 If an interfering substance causes an 
interference at a particular concentration, but 
not at another concentration, repeat steps 2.1.1 
and 2.1.2 using a narrower concentration range 
of interfering substance. (For example, if the 
high concentration is observed to cause an in- 

terference, but the medium concentration does 
not, use three additional spikes of concentra- 
tions between the medium and high). 

2.1.4 Repeat the process until the concen- 
tration at which the added substance interferes 
is determined. 

-- 2.1.5 If no interference is noted, state: 
“ causes no interference at concentra- 
tions less than (maximum concentration 
tested).” 

2.1.6 If interference is noted, state: 
“ at concentration inter- 
feres.” State whether the observed interference 
was positive or negative and give any other in- 
formation that might be helpful to an analyst 
or user of the data. 

2.2 Addition of interfering substance to a 
series of standards 

2.2.1 Add the interfering substance to 
five to ten standards covering the analytical 
range of the method. Use a concentration level 
that is known to cause interference. 

2.2.2 Analyze the standards to determine 
the pattern of interference over the range of 
concentrations of the constituent being deter- 
mined. 

2.2.3 Prepare a concise statement as in 
2.1.5 above giving the results. Indicate whether 
the interference increases linearly with increas- 
ing concentration, decreases with increasing 
concentration, or shows some other relationship 
to the concentration of the constituent being 
analyzed. 
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lntralaboratory Precision 

And Bias 

1. Application or scope 
1.1 This practice gives general guidelines 

for developing intralaboratory bias and preci- 
sion statements. 

1.2 After preliminary methods development 
work is completed (often in a research laborato- 
ry), test the method on actual samples in an 
operating laboratory. Data should be quickly 
developed which cover the range of the method 
in a variety of natural matrices. 

1.3 If interlaboratory data are unavailable, 
intralaboratory precision and bias statements 
should be included in the published procedure. 
2. Practice 

2.1 Analysis by two methods to determine 
bias 

2.1.1 Analyze all samples for which the 
determination in question has been requested 
by both the accepted procedure and the new 
procedure until sufficient analyses are obtained 
to cover the applicable concentration range. 
Perform the paired analysis of all samples re- 
ceived by the laboratory during a minimum 
period of 1 week. Continue analyses until a min- 
imum of 30 samples are analyzed (NOTE 1). 
If at the end of a month the range of the 
method has not been sufficiently covered, dilute 
or add spikes to samples to obtain concentra- 
tions distributed throughout the analytical 
range. 

NOTE 1. Requirements for analyses of all samples received 
during a minimum of 1 week and for analyses of at least 
30 samples have been placed in the attempt to obtain data 
from a variety of matrices. However, if all samples are 
known to come from one site or one area of the country, 
these minimums should be exceeded. 

2.1.2 If possible, analyze samples by both 
methods at the same time (in parallel). 

2.1.3 If parallel determinations of the con- 
stituent by the two methods are not possible, 
randomize both the order in which the samples 
are analyzed and the method by which they are 
first analyzed. Consult a random numbers table 

(available in most statistics books) to achieve 
randomization. 

2.1.4 Calculate the bias of the new 
method with respect to the accepted method 
(see practices “Bias” and “Acceptance or rejec- 
tion of a new method”). 

2.2 Analysis of spikes to determine bias 
2.2.1 If an accepted method does not 

exist, use the new method to analyze all sam- 
ples for which the determination in question has 
been requested and for which sufticient water 
has been provided so that a second portion of 
the sample may be spiked and analyzed. 
Analyze a minimum of 30 samples. 

2.2.2 Spike all samples (for which enough 
water has been provided) with a known concen- 
tration of standard. Add a sufficient amount of 
standard to samples which have original values 
in the low portion of the analytical range to ap- 
proximately double the concentration. Do not 
spike samples to concentration levels which are 
outside of the analytical range. If the sample 
requires dilution in order to be analyzed, spike 
the samples so that the resulting concentration 
requires the same dilution. 

2.2.3 Subtract the original concentration 
of the sample from the concentration deter- 
mined after spiking and determine the bias or 
percent recovery (see practices “Bias” and “Ac- 
ceptance or rejection of a new method”). 

2.3 Analysis of samples to determine preci- 
sion 

2.3.1 Analyze each sample which has suf- 
ficient volume and for which the determination 
in question has been requested, on a minimum 
of four different days. Randomize the order in 
which the samples are analyzed (using a random 
numbers table). 

2.3.2 If possible, three analysts should 
analyze the samples, each performing the analy- 
sis in duplicate. 

2.3.3 Continue analysis until either the 
range of the method or the naturally occurring 
range of the constituent has been covered. 

2.3.4 Calculate the precision (see practice 
“Single operator precision”). 
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Interlaboratory Precision 

1. Application or scope 
1.1 This practice provides a guideline for de- 

veloping an interlaboratory precision state- 
ment. Such a statement should be developed for 
each method and included in the published pro- 
cedure. 

1.2 Statistics from inter-laboratory tests will 
aid the user of analytical data in comparing 
analyses from two or more laboratories. If it 
is not practical to develop the interlaboratory 
precision statement prior to publication of the 
method (for example, not enough laboratories 
are willing or able to participate) a statement 
of intralaboratory or single operator precision 
should be used and the method updated once 
interlaboratory data are available. 

1.3 Interlaboratory test data normally in- 
clude both random and systematic errors of 

0 

each laboratory. These systematic errors are 
not “inherent” to the method, but rather are 
ones introduced, inadvertently, by participating 
laboratories. Thus, a slight difference in a rea- 
gent or an&en temperature (both systematic 
errors) will become incorporated in the mea- 
surement of interlaboratory precision. As 
Youden points out, “Differences in systematic 
errors are the major source of disagreement 
among laboratories.” (Youden, 1960). 
2. Practice 

2.1 Reference samples 
2.1.1 Prepare and distribute reference 

samples containing either concentrated or work- 
ing level concentrations of constituent(s) in 
question. Use a natural or distilled water mat- 
rix or both (NOTE 1). 

NOTE 1. Ideally, precision statements should be developed 
using both natural and distilled water matrices. 

2.1.2 Reference samples should cover the 
concentration range of the method. A minimum 
of three samples representing approximately 
10, 50, and 80 percent of the analytical range 
should be distributed. 

2.1.3 See the section “Reference Mate- 

rial,” for further information on reference mate- 
rial preparation. 

2.2 Experimental design 
2.2.1 Calculate the required number of re- 

plicate analyses to be made on each sample by 
each analyst, using the formula (ASTM, D- 
2777-77, 1980): 

where 
rep = number of replicates required, and 
p = product of variables (operators, laborato- 

ries, concentration levels, and so forth). 
For example, if two operators in each of six 

laboratories are to analyze samples at four con- 
centration levels, the number of replicates re- 
quired is calculated: 

30 
rep’ ‘+ (2) (6) (4) ’ Or 

rep > l+ 0.25. 

In this case, two replicates are required. 
2.2.2 Although overall interlaboratory 

precision can be determined without replicates, 
there is no way to the separate the components 
of laboratory systematic error from random 
error without replicates. 

2.2.3 A minimum of six operators and 
three laboratories is required (ASTM, D-2777- 
77, 1980); more laboratories are desirable. 

2.2.4 The number of analysts should be 
spread evenly among participating, laborato- 
ries, if possible. For example, 1 analyst in each 
of 10 laboratories or 2 analysts in each of 5 labo- 
ratories is preferable to 1 analyst in 6 laborato- 
ries plus 2 analysts in 2 laboratories. 

2.2.5 A copy of the analytical method to 
be used should be provided to each laboratory. 
Each laboratory should be instructed to follow 
the written method exactly (a similar method 
they are using must not be substituted) and 
should be requested to submit results from each 
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of the required replicates (results should not be 
averaged prior to submission). Each laboratory 
should be given the opportunity to “practice” 
the method on a sample containing a “known” 
concentration of the constituent being deter- 
mined before analyzing the “unknown” refer- 
ence samples. 

2.3 Data Analysis 
23.1 Reject a laboratory’s data if it is so 

high or so low that a large systematic error, 
specific to the laboratory, is evident. As recom- 
mended by Youden (1975), in order to decide 
whether a laboratory’s data should be rejected, 
first rank the data. Reject any laboratory deter- 
mined to have less than a 5 percent chance of 
being within the limits specified in table A5 in 
the appendix. 

For example, consider the data presented in 
table 1. 

a. Rank the data for each sample, giving 
a “1” to the largest amount, a “2” to the second 
largest amount, and so forth, (table 2). Assign 
equal ranks to equal values. 

Table I.-Example: Data from five laboratories for analy~lr of 

four sampler 

Samples 
Laboratory 

1 2 3 4 

I 1.5 3.1 8.1 15.0 

2 1.6 3.0 8.3 14.8 

3 1.4 3.2 8.1 15.0 

4 1.4 3.3 8.2 14.9 

5 1.8 3.5 8.7 15.7 

lobla 2.-Exampl~ Ranking of data prior to re/ection of 

“outlying” lobomtorier 

Laboratory 

1 

2 

3 

4 

5 

Rank 
Sum 

1 2 3 4 

3 4 4.5 2.5 14 

2 5 2 5 14 

4.5 3 4.5 2.5 14.5 

4.5 2 3 4 13.5 

1 I I I 4 

b. Sum the ranks for each laboratory 
(table 2). 

c. Consult table A5. For five laboratories 
and four materials, the upper and lower limits 
are 19 and 5, respectively. The sum of “4” for 
laboratory number 5 is below the lower limit. 
All data from laboratory number 5 should be 
rejected. 

2.3.2 From the remaining raw data, re- 
ject individual outliers and calculate the stan- 
dard deviation for each sample as specified in 
the practice, “Single operator precision”: 

, 
Y$(Xi-*)2 

S= 

v n-l 

2/ 

cxi2-(~xi)%z (12) 
or s= n-l 

where 
s = inter-laboratory 

each sample, 
standard deviation for 

x, = value reported by each laboratory, and 
n = number of laboratories. 

2.3.3 If precision varies linearly with con- 
centration level (determined by plotting the 
means versus the standard deviation), deter- 
mine the regression line: 

&=a+ bx (13) 

where 
Sr = interlaboratory precision, 
x = concentration of the constituent, 
a = intercept of line with the y axis, and 
b = the slope of the line. 

2.3.4 If precision appears constant over 
the range of the method, calculate the overall 
precision (ASTM, D-2777-77, 1980): 

ST= 
v 

(nlxs,2>+(n2xs22)+...(n,xs,2) 
nl+n2+...nn (14) 

where 
Sr = interlaboratory precision, 
s1 = the standard deviation of the 1st sample, 
s,=the standard deviation of the nth sample, 
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a 

n=the number of values for the 1st sample, 
and 

n,=the number of values for the nth sample. 

2.3.5 If precision varies curvilinearly with 
the concentration level, present the plot. If pos- 
sible, also include an equation for the curve. 

2.3.6 The precision values may also be ex- 
pressed in terms of percent relative standard 
deviation. 

R.D. = $ x looper-cent (15) 

where References 
R.D. = the relative standard deviation in per- 

cent, 
S=the mean concentration of a sample, and 
s=the standard deviation of the mean of the 

sample. 

American Society for Testing and Materials, 1980, D-2777- 
77, Determination of precision and bias of methods of 
committee D-19 on water, in Annual Book of ASTM 
Standards, Part 31, Water: Philadelphia, American So- 
ciety for Testing and Materials, p. 16-23. 

Steiner, E. H., 1975, Planning and analysis of results of 
collaborative tests, in Statistical Manual of the Associa- 
tion of Official Analytical Chemists: Washington, D.C., 
Association of Official Analytical Chemists, p. 1-61. 

Youden, W. J., 1960, The sample, the procedure, and the 
laboratory: Analytical Chemistry, v. 32, no. 13, p. 23A- 
37A 

2.3.7 Report, in addition to the precision 
statement, the number of analysts and (or) labo- 
ratories participating in the inter-laboratory 
“round robin” and the range for which the preci- 
sion statement is applicable. 

2.3.8 Report whether the analyses were 
made using a natural or distilled water matrix. 
Report two statements if both natural and dis- 

tilled water matrices were used and the preci- 
sion is different. 

2.4 Single operator precision 
2.4.1 Single operator precision can be de- 

veloped by using analysis of variance techniques 
on duplicate interlaboratory analyses and 
separating the within-lab variance (single 
operator precision) and between-lab variance 
(Steiner, 1975). 

2.4.2 Alternatively, operator precision 
and laboratory biases may be separated by 
using a series of paired concentration samples 
(Youden, 1975). 

Youden, W. J., 1975, Statistical techniques for collaborative 
tests, in Statistical Manual of the Association of Official 
Analytical Chemists: Washington, D.C., Association of 
Official Analytical Chemists, p. 69-88. 



Acceptance Or Rejection of 
A New Method 

1. Application or scope 
1.1 This practice describes tests to use and 

factors to consider in deciding whether to ac- 
cept, reject, or limit the use of a new method. 

1.2 The decision must be based on all avail- 
able data. In particular, both the precision and 
bias statements must be considered and com- 
pared to those of the accepted method. 
2. Practice 

2.1 Test for significant bias of a method 
2.1.1 A t-test may be used to compare the 

determined mean concentration with the 
“known” concentration of a reference material 
(Youden, 19’75, p. 36). (See practice “Methods 
used for data evaluation: t-test,” in section 
“Documentation, summary, and evaluation of 
data.“) 

2.1.2 Alternatively, a t-test may be used 
to compare the mean concentration obtained 
using a new method with the concentration ob- 
tained from repeated analysis of the same sam- 
ple by an approved method. 

2.2 Test for significantly smaller variance 
2.2.1 An F-test may be used to test 

whether a newly developed method shows bet- 
ter precision (has a smaller variance) than an 
accepted method (Youden, 1975, p. 38). 

2.2.2 Calculate: 

(16) 

where 
s act =standard deviation obtained using the 

accepted method, 
S 7ww.J =standard deviation obtained using the 

new method, and 
F=calculated F statistic (NOTE 1). 

NOTE 1. The F value will be associated with (%A-& n,v-1) 
degrees of freedom where nA= the number of determina- 
tions by the accepted method and nN = the number of deter- 
minations by the new method. 

2.2.3 Compare the computed F value with 
the F value from table A6 in the appendix 
(using the appropriate degrees of freedom.) If 
the calculated value is greater than that in the 
table, then the variance of the accepted method 
is greater than that of the new method. 

2.3 Better precision, less bias 
2.3: 1 If the new method shows better pre- 

cision and less bias than the accepted method, 
select the new method as the preferred method 
(assuming that interference problems are no 
greater than found in the accepted method). 

2.4 Better precision and greater bias or 
worse precision and less bias 

2.4.1 As Youden (1961) indicates, when a 
new method shows better precision, but also 
greater bias than the accepted method, or vice 
versa, the decision of whether to accept the new 
method may not be immediately obvious. 

2.4.2 For example, table 3 lists results for 
two methods which were used to repeatedly 

Table 3.-Example: Analytical results of two methods 
[Accepted “true” sample concentration=30 me/l] 

Method 
Analytical results (mg/L) 

Mean Standard deviation Bias 
1 2 3 4 5 6 7 (mg/L) (mg/L) (mg/L) 

New method 40 35 45 42 38 50 30 40.0 26.56 + 10.0 

Accepted method 30 20 40 52 8 50 10 30.0 + 18.11 0.0 

19 
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analyze a sample containing 30 mg/L of a cer- 
tain constituent. As the standard deviation and 
bias figures for each method indicate, the new 
method has better precision than the accepted 
method, but shows a positive bias. 

As can be readily seen from figure 2, a 
single value obtained by the new method can 
be expected to be closer to the accepted “true” 
value than can a single value obtained by the 
accepted method because 95 percent of the val- 
ues can be expected to fall within approximately 
* 2 (2.447 for 7 values) standard deviations of 
the mean: 95 percent of the values are within 
16.1 mg/L of the true value for the new method, 
while 95 percent of the values are within 44.3 
mg/L of the true value for accepted method. 
Thus, in this case the new method appears pref- 
erable to the accepted method (NOTE 2). 

NEW METHOD 
“True” 

NOTE 2. If the bias of the new method were +50 mg/L 
instead of only 10 mg/L, a single value from the new method 
would be less likely than a single value from the accepted 
method to be near the true value, and the accepted method 
would be preferable to the new method. 

2.5 Same precision, same bias 
2.5.1 In deciding whether to accept or re- 

ject a new method, consider whether the new 
method would increase productivity and (or) 
lower the cost of analyses, limit interfering 
substances, or eliminate a toxic reagent in the 
method. 

Selected References 

American Society for Testing and Materials, 1980, D-2777- 
77, Determination of precision and bias of methods of 
committee D-19 on water, in Annual Book of ASTM 
Standards, Part 31, Water: Philadelphia, American So- 
ciety for-Testing and Materials, p. 1628. 

Dixon, W. J., and Massey, F. J., 1969, Introduction to 
statistical analyses (3d ed.): New York, McGraw-Hill, 
p. 10~112,470-471. 

Youden, W. J., 1961, How to evaluate accuracy: Materials 
Research and Standards, April 1961, American Society 
for Testing and Materials, p. 361-268-361-271. 

Youden, W. J., 1975, Statistical techniques for collaborative 
tests, in Statistical Manual of the Association of Official 
Analytical Chemists: Washington, D.C., Association of 
Official Analytical Chemists, p. 3&39. 
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Figure l.-gior and precision, results of new and accsptad 
analytical methods. 


	TWRI 5-A6 - Quality Assurance Practices for the Chemical and Biological Analyses of Water and Fluvial Sediments
	Preface
	Contributors
	Abstract
	Introduction
	Purpose
	Scope
	Definitions
	References

	Analytical methods development procedures
	Single operator precision
	Bias
	Chemical interferences
	Intralaboratory precision and bias
	Interlaboratory precision
	Acceptance or rejection of a new method




