 COMPUTERIZED
QUALITY CONTROL :

Programs for the
analytical laboratory

' T. F. Hartley




COMPUTERIZED QUALITY CONTROL:
Programs for the analytical laboratory



ELLIS HORWOOD SERIES IN ANALYTICAL CHEMISTRY
iel;iesd Editors: Dr. R. A. CHALMERS and Dr. MARY MASSON, University of
erdeen

Consultant Editor: Prof. J. N. MILLER, Loughborough University of Technology

S. Allenmark Chromatographic Enantioseparation — Methods and Applications
G.E. Baiulescu & V.V. Cosofre Application of Ion Selective Membrane Electrodes in Organic Analysis
G.E. Baiulescu, P. Dumitrescu & P.Gh. Zugravescu Sampling
G.E. Baiulescu, C. Patroescu & R.A. Chalmers Education and Teaching in Analytical Chemistry
S. Bance Handbook of Practical Organic Microanalysis
H. Baranska et al. Laser Raman Spectrometry
K. Beyermann Organic Trace Analysis
O. Budevsky Foundations of Chemical Analysis
J. Buffle Complexation Reactions in Aquatic Systems: An Analytical Approach

D.T. Burns, A. Townshend & A.G. Catchpole
Inorganic Reaction Chemistry Volume 1: Systematic Chemical Separation
D.T. Burns, A. Townshend & A .H. Carter
Inorganic Reaction Chemistry: Reactions of the Elements and their Compounds: Volume 2,
Part A: Alkali Metals to Nitrogen and Volume 2, Part B: Osmium to Zirconium

S. Caroli Improved Hollow Cathode Lamps for Atomic Spectroscopy
E. Casassas Trends in Solvent Extraction
R. Czoch & A. Francik Apparatus Effects in Homodyne Electronic Paramagnetic Resonance Spectrometers
T.E. Edmonds Interfacing Analytical Instrumentation with Microcomputers
J.K. Foreman & P.B. Stockwell Automatic Chemical Analysis
Z. Galus Fundamentals of Electrochemical Analysis
J. Gaspari¢ & J. Churéaéek Laboratory Handbook of Paper and Thin Layer Chromatography
S. Gorog Steroid Analysis in the Pharmaceutical Industry
T. S. Harrison Handbook of Analytical Control of Iron and Steel Production
T.F. Hartley Computerized Quality Control: Programs for the Analytical Laboratory
Saad S.M. Hassan Organic Analysis using Atomic Absorption Spectrometry
M.H. Ho Analytical Methods in Forensic Chemistry
Z. Holzbecher, L. Divi§, M. Krél, L. Sicha & F. VI4¢il  Handbook of Organic Reagents in Inorganic Chemistry
A. Hulanicki Reactions of Acids and Bases in Analytical Chemistry
David Huskins General Handbook of On-line Process Analysers
David Huskins Quality Measuring Instruments in On-line Process Analysis
J. Inczédy Analytical Applications of Complex Equilibria
Z K. Jelinek Particle Size Analysis
M. Kaljurand & E. Kullik Computerized Multiple Input Chromatography
R. Kalvoda Operational Amplifiers in Chemical Instrumentation
I. Kerese Methods of Protein Analysis
S. Kotrly & L. $ficha Handbook of Chemical Equilibria in Analytical Chemistry
J. Kragten ot Atlas of Metal-ligand Equilibria in Aqueous Solution
A.M. Krstulovi¢ Quantitative Analysis of Catecholamines and Related Compounds
C. Liteanu & S. Gocan Gradient Liquid Chromatography
C. Liteanu & I. Rica Statistical Theory and Methodology of Trace Analysis
Z. Marczenko Separation and Spectrophotometric Determination of Elements
M. Meloun, J. Havel & E. Hogfeldt Computational Methods in Potentiometry and Spectrophotometry
O. Mike3 Laboratory Handbook of Chromatographic and Allied Methods
J.C. Miller & J.N. Miller ’ Statistics for Analytical Chemistry
J.N. Miller Fluorescence Spectroscopy
J.N. Miller . f Modern Analytical Chemistry
J. Minczewski, J. Chwastowska & R. Dybczyriski Separation and Preconcentration Methods
G in Inorganic Trace Analysis

V. Sedivec & J. Flek 1 Handbook of Analysis of Organic Solvents
R.M. Smith : Derivatization for High Pressure Liquid Chromatography
R.V. Smith Handbook of Biopharmaceutic Analysis
K.R. Spurny Physical and Chemical Characterization
of Individual Airborne Particles

K. Stulik & V. Pacakova Electroanalytical Measurements in Flowing Liquids
O. Shpigun & Yu. A. Zolotov Ion Chromatography in Water Analysis
J. Tolgyessy & M. Kyr§ Nuclear Analytical Chemistry
J. Urbanski, et al. Handbook of Analysis of Synthetic Polymers and Plastics
M. Valcércel & M.D. Luque de Castro Flow-Injection Analysis: Principals and applications
J. Vesely, D. Weiss & K. Stulik Analysis with Ion-Selective Electrodes
F. Vydra, K. Stulik & B. Julakova Electrochemical Stripping Analysis
N. G. West Practical Environment Analysis Using X-ray Fluorescence Spectrometry
F.K. Zimmermann & R. E. Taylor-Mayer Mutagenicity Testing in Environmental Pollution Control

J. Zupan Computer-Supported Spectroscopic Databases



COMPUTERIZED
QUALITY CONTROL:
Programs for the
analytical laboratory

T. F. HARTLEY, B.Sc.(Hons.), Ph.D.

Principal Hospital Scientist

Division of Clinical Chemistry

The Institute of Medical and Veterinary Science
Adelaide, Australia

HEDMImY

Y078179

]
vl @ e S,
- g oy
» ¢ had

ELLIS HORWOOD LIMITED
Publishers - Chichester

Halsted Press: a division of
JOHN WILEY & SONS

New York - Chichester - Brisbane - Toronto



First published in 1987 by

ELLIS HORWOOD LIMITED

Market Cross House, Cooper Street,
Chichester, West Sussex, PO19 1EB, England

The publisher’s colophon is reproduced from James Gillison’s drawing of the ancient Market
Cross, Chichester.

Distributors:

Australia and New Zealand:
JACARANDA WILEY LIMITED
GPO Box 859, Brisbane, Queensland 4001, Australia

Canada:
JOHN WILEY & SONS CANADA LIMITED
22 Worcester Road, Rexdale, Ontario, Canada

Europe and Africa:
JOHN WILEY & SONS LIMITED
Baffins Lane, Chichester, West Sussex, England

North and South America and the rest of the world:
Halsted Press: a division of

JOHN WILEY & SONS

605 Third Avenue, New York, NY 10158, USA

© 1987 T.F. Hartley/Ellis Horwood Limited

British Library Cataloguing in Publication Data

Hartley, T.F.

Computerized quality control: Programs for the analytical laboratory. —
(Ellis Horwood series in analytical chemistry)

1. Chemistry, Analytic — Quality control — Data processing

I. Title

543  QD75.4.E4

Library of Congress Card No. 86-25021

ISBN 0-85312-964-9-(Ellis Horwood Limited)
ISBN 0-470-20761-2 (Halsted Press) -

Phototypeset in Times by Ellis Horwood Limited
Printed in Great Britain by R.J. Acford, Chichester

COPYRIGHT NOTICE

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical, photo-copying,
recording or otherwise, without the permission of Ellis Horwood Limited, Market gross
House, Cooper Street, Chichester, West Sussex, England.



Contents

INEROBUCTION .1 o oo ldndda ok inmmcate & & 50 o o s 11
CHAPTER ONE : CALIBRATION GRAPHS

11 Sntrodetion ity SAEN i rasidl h IR L L v ) . e 15
1.2 The linear calibrationgraph . . . . . ... ..., .. 16
k21, Listing of LINCALIB . o0 508 o 28 « .+ v . & 18
1.2.2 Features of the linear regression program. . . . 22

1.2.3 Linear calibration program: worked examples . 26
1.3 The non-linear calibration graph: fitting by

BUDIC BIING. . ; oliohle bton bl o ol & 5 % 4 Wb g 28
£3.1 "The SPLINE RIOSram. ;. 4ol « & 5 + + v o % 30
B2 Aistisig of SEEINEL . Jooilos be 5 508 v v v s 34

1.3.3 Cubic spline fitting program: worked examples . 40
1.4 The non-linear calibration graph: fitting by

means of a partial sigmoidcurve. . . . . .. ... .. 51
1.4.1 The CURVEFIT program . ... .. ... .. 54
£42 Lasting of CURVEFIT . . oo b - o Vs s s 59
1.4.3 Curve fitting by using the partial sigmoid
equation: worked examples. . . . . .. .. .. 65
CHAPTER TWO : BATCH QUALITY CONTROL . . . . . . . 69
2.1 Impact of probability theory on batch acceptance
TR T R e R ) U O WP 69

2.2 The customer’s specifications for batch quality
and its impact upon the analyst’s selection of

gpiality congrol Yipgite . V0BT S RN L 74

2.2.1 Batch quality control: the strategy so far . . . . 78

2.2.2 Improving the ‘count’ of quality control
fests"perbatch . .. o SLIITNTEL L L Lo . 78

2.2.3 What is the effect of permitting outliers into



6 CONTENTS

2.2.4 The operating characteristic curve program . . 81

220 Lisamp of OCCURYE .20 6 e s s 84
2.3 Fixed and relative bias errors in internal

and external quality control schemes and

method comparisonstudies . . . . . ... ... ... 86
2o Listimg ol GMRECG, . . . 0L« JLa ., . 93
2.4 Batch quality control: the final points of
L e S S L U PR R 97
CHAPTER THREE : BETWEEN-BATCH QUALITY
o g e FEET G SN AP L 99
o e R N B S S 99
3.2 The computerized cusum V-mask. . . . . ... ... 101
3.3 A program to establish a QC file and another to
placetingm thefile. . L0 0 AR AR ALIET L. 107
F:3:0 Listiag of QUNAME ORGSEL "V, L oL, 109
332 Listmg ol QCFILER . ol 3Ll -4, | . .. 110
3.4 The cusum V-mask scanning routine to deter-
mine the optimum ‘a’ distance for the V-mask . . . .111
S8 DR OMVASEAR' . e L. L L 116
3.4.2 Examples of the performance of the V-mask
SCmRReRonane - USSR LR L 120

3.5 The Arigp HaCiIREmgnal /"0 . . 2 5 e e
3.6 A program to produce a summary report on
between-batch quality-controldata . . . . . . . . .. 129
SOIS TSRSl PO L 2 S e . 133
3.6.2 Examples of the performance of the between
batch quality control program ‘REPORT’ . . .138

CHAPTER FOUR : LABORATORY COMPUTING :

I e B ol w v s ah v s s 146
4.1 Some expectations and realities. . . . . . . .. . .. 146

4.2 Some justifications for computerization. . . . . . . . 147

4.3 The selection of suitable software. . . . . . ... .. 149

4.4 Multiuser systems and remote operations. . . . . . . 149

4. Y CERER ek I L, AL . L L 150
APPENDIX A: Gaussian data generator. . . . . . ... .. .. 151
SOl CERLISHOIEN - b i o 88 s os 4o« 5 152

S e R AT R e R MR 153

L R P | SRR 1 o A O A 154

APPENDIX B: BASIC version of the SPLINE program [1] . . .155



CONTENTS 7

APPENDIX C: Program for generating the operating char-

acteristic table for batch quality control . . . . . . . . 157
LR R W o e ¢ SRR R L B 159
SUPPLEMENTARY READING. . . . . . ... ... ..... 161



To Donna for her patience and interest and to
James and Emma for their patience and
curiosity while I ‘word processed’.



Acknowledgements

The author would like to acknowledge the assistance of Dr David
Thomas, Senior Director of the Division of Clinical Chemistry at the
Institute of Medical and Veterinary Science, Adelaide, Australia, for
making available the computing facilities necessary to develop the
programs described in this book.

In addition my thanks are due to my colleagues whose constant
enquiries on ‘matters statistical’ have provided me with the stimulus
to finally document some of the theory, advice and programs. Ted
Huber deserves special mention because it was he who focussed our
attentions upon the correct approaches to calibration curve fitting,
quality control and statistics. Valuable technical support was
provided by Rick Tormet and Don Ide.

March 1986
T. F. Hartley



= = E X
e e B e e R e e i N e e el
= == = -|||-\l\l|-|!|-. g ey o - Bl e et = e m—me

e - = = B — T

— N | T T - e S 'n"l«'h.rl[ll, -
U BNV o, TR e et AN AN _— -

T - p———



8903196

Introduction

Every analytical chemist would like to believe that the data reported
from their laboratory are of a uniform and sustained quality. How-
ever, it is inevitable that from time to time doubt about some of the
batches creeps in. The reasons for such doubts can originate from a
number of sources. One may be that the usual method has been used
to analyse a batch of specimens with a matrix that was slightly
different from that for which the method was optimized. Conse-
quently there is a real possibility that there may be a constant or
systematic bias throughout the data reported for those samples. Will
this possible bias affect the customer’s perception of what the results
mean? Another more common suspicion is that the instrumentation
is either not operating or being operated exactly as intended. There
are other examples, so clearly there is a need for some objective
assistance in this sensitive and critical area of the perceived versus the
actual analytical performance of the laboratory.

In this book I have aimed to outline automated statistical tech-
niques that can provide this type of assistance without making
unreasonable demands on the analyst’s valuable time. These meth-
ods are all based on well accepted quality control procedures that can
be run easily as BASIC computer programs on a personal computer
or computer terminal in the laboratory. In addition I have included
computerized procedures to assist the analyst with the selection of
analytical performance criteria that will ensure that their customers
are provided with results at the level of accuracy and precision that
they require.

The approach has been from the point of view of a practising
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analyst who would prefer to be provided with the essential infor-
mation required, with the option to follow up the full theoretical
details when convenient. For this reason the bibliography and refer-
ences extend beyond those items cited specifically in the text. The
reader is urged to study all the titles in that section and decide which
of those would be particularly relevant to their organization’s activi-
ties. One feature that may be noticed while consulting the Bibliogra-
phy covers a considerable time span; from 1940 to the present. It
would appear that although most statistical quality control tech-
niques were developed some years ago it has taken some time for
them to be implemented on an extensive basis in analytical laborator-
ies. This is a reflection of a common attitude to quality control which
is that it is tedious and therefore only the minimum necessary will be
put into everyday use. It is to be hoped that computerized quality
control will shield the user from the tedium, encourage analysts to
adopt more than just the minimum and eventually extend their
interest to the more sophisticated techniques available.

The programs have all been written in Personal BASIC, (Digital
Research). They were developed on a concurrent CPM-86 v. 3.1
computer (Labtam 3000) with a 132 column dot matrix printer. (Two
programs require more than 80 columns to accommodate the print-
out conveniently but these could be adapted to an 80 column format
if necessary.) The BASIC words actually used are listed below; it will
be evident that no uncommon features of the language have been
implemented

ABS AND CLOSE DIM ELSE EXP
FOR GOSUB GOTO IF INKEY$ INPUT
INPUT# INT LOG LPRINT MID$ NEXT
OPEN OR PRINT PRINT# READ REM
RETURN RND SQR STEP STOP STRINGS$
TAB THEN TO VAL WIDTH WRITE#
+ - / " = S

e .,

The programs have been written as far as possible in an open,
readable format, so there are some inefficiencies in their structure.
This was unavoidable because I felt that it was more important to
write straightforward code. They should be read as integral parts of
the text. Their organization follows as closely as possible the accom-
panying description of the technique and the equations. Memory
requirements for the programs and data files are modest in compari-
son with contemporary commercial software packages:



PROGRAM NAME

GAUSSGEN
LINCALIB
SPLINE
CURVEFIT
OCTABLE
OCCURVE
GMREG
QCNAME
QCFILER
VMASKA
REPORT
TOTAL

Data files require 1.5 K Bytes each.

INTRODUCTION 13

K BYTES

1.3
7.8
11.7
10.9
2.2
3.7
5.0
3
LY
8.3
7.6
61.7

Overall I have aimed to provide a relevant resource of fully
documented computer programs which can be used, as the modules,
for an objective quality-control scheme suitable for use throughout

most analytical laboratories.

The programs presented in this book are available on floppy disk
from the publishers: Ellis Horwood Ltd., Market Cross House,
Cooper Street, Chichester, West Sussex, PO19 1EB, U.K. Several
disk formats will be available, including IBM-PC and Apple 1I;
please contact the publishers for further details.
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Calibration graphs

1.1 INTRODUCTION

The analytical method requires that at an early stage in the pro-
cedure, the analyst must make some reference to the results of the
analysis of a series of standard materials. Quality control should start
here, and we therefore have included an extensive discussion on the
computerized production of calibration graphs with appropriate
statistical tests included to assist with the objective assessment of
their quality. If the calibration data fail these tests, it is pointless to
proceed with the batch of analyses. Because it is known, and is
therefore the ‘independent variable’, the amount of analyte in the
standard is plotted along the abscissa and the instrumental response,
e.g. absorbance, counts per minute, electrode potential, is plotted on
the ordinate. The shape of the calibration graph depends on the
nature of the analytical system: it may be:

A straight line with a positive or negative slope.

A curve that is convex with respect to the abscissa.

A curve that is concave with respect to the abscissa.

A curve that is concave with respect to both the ordinate and the

abscissa.

5. A curve that is convex with respect to both the ordinate and the
abscissa.

6. A sigmoid curve with either a positive or negative slope.

e R
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1.2 THE LINEAR CALIBRATION GRAPH

A straight-line calibration graph is the form preferred by most
analysts because of its well defined statistical properties. Least-
squares linear regression analysis is now a well established technique
in analytical laboratories, partly as a result of the ready availability of
hand-held calculators with a suitable program in the ROM. Unfortu-
nately this easy access to linear-regression analysis has led to its
uncritical use. The program we have devised goes beyond the simple
derivation of the slope, intercept and correlation coefficient and
provides the user with information on the quality of the fit of the
calculated linear regression equation to the original calibration data
from which it was derived. The program executes the following
sequence:

PARTS Aand B

Enter the data into the arrays X(N) and Y(N) where N is the number
of X,Y data pairs. X = the concentration in the standards and Y = the
instrumental response (lines 330-332). Check the data for input
errors and correct if necessary (lines 340-348).

PART C

This gives the user the option of a low resolution plot of the data on an
80 column printer (line 360-362). If this is required then a string array
AS$(41 rows by 61 columns) is set up and the data points are placed
into the appropriate positions in this array (lines 418-434). The graph
is printed out by lines 452-456.

PART D
Calculation of the intermediate results required for the determi-
nation of the regression equation; y regressed on x:

SX = sum of the x data

SY = sum of the y data

XY = sum of the products of x.y
XX = sum of the products of x.x
YY = sum of the products y.y
(lines 478—490).

PART E
Calculation of the slope and intercept with their standard deviations
and the correlation coefficient.

XM = SX/N = mean of the x data; line 498
YM = SY/N = mean of the y data; line 500



