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I. Introduction
Industrial QC was introduced in the 1930s by Shewhart, a statistician at Bell
Laboratories. He published a text provided the theory and practice guidelines for
statistical quality control. The technique recommended was to sample a group of
products and determine the mean and range of critical characteristics, this technique

is still standard practice in industry today.

In the 1940s, Deming (who worked with Shewhart at one time) was charged with
providing training in SQC to American industry to assure the quality of wartime
production. One of the strengths of American armaments was the quality of

production and SQC became widely practiced in American industry.

In the late 40s and 1950s, Deming was asked to assist Japanese industry in improving
the quality of production, particularly telephones, which were needed to improve
communications. In addition, Juran began to provide broader training in quality
management. Their efforts led to the principles and practices of Total Quality

Management (TQM) in industry.

In water sector, production of high quality drinking water demands adequate quality
monitoring program for the water from intake to the tap. Hence, the laboratory has
played an important role in drinking water production by providing the management
with the required information. This information has to be technically valid, legally
defensible, and of known quality.

For this regard, the laboratories strive to establish and implement quality systems to
guarantee the reliability and traceability of the generated information. Establishing of
quality system is costly and time consuming, however, these milestones is relatively
low in comparison to the advantages gained.

Generally, the main advantage of implementing quality systems is: (i) the positive
impact on the organization’s image in the market and society; (ii) the documentation
system which is the laboratory’s memory and a helpful tool that facilities the
communication among the staff for articulating common principles. In the central
laboratories consisting of many laboratories, each operating complex procedures, the
more likely it is that misunderstandings and mistakes will have occurred and been

adopted even though they are bad practice.
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Even in small laboratories, the absence of a member of staff who is on holiday or ill

can cause confusion. If operating procedures are written down for staff to refer to, as

part of the quality management system, the number of such mistakes will be reduced
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Principals

2.1. Quality

e According to ISO
» Quality is the totality of features and characteristics of a product or service that

bears on its ability to satisfy given needs.

¢ In analytical methods

» Quality is “Delivery of reliable information within an agreed span of time under

agreed conditions (Precision, Accuracy), according to agreed costs”

2.2.Quality Management System
e |t is a management system to direct and control an organization with regard to

quality.

Physical

Human
Resources
Resources

Organizational Base

2.3.Quality Management (QM)
¢ Coordinated activities to direct and control an organization with regard to quality

2.4.Quality Assurance (QA)
o A definitive plan for laboratory operations that specifies the measures used to

produce data with known precision and bias.

2.5.Quality Control (QC)
e Set of measures used during an analytical method to ensure that the process is

within specified control parameters.
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2.6.Difference between QA/QC

{\ } / ‘/} : ( ‘Lg‘a
N

* Quality Assurance makes sure 4

that we are doing the right things,

the nnght Way.

* QA focuses on building in quality | *
and hence preventing defects.

* QA deals with process.

* QA s for entire life cycle.

* QA is preventive process.

2.7.Quality System Structure

(
Quhxt\ Control makes sure the

results of what we’ve done are
what we expected .

QC focuses on testing for quality
and hence detecting defects.

QC deals with product.
QC s for testing part

QC is corrective process.

*Quality Policy
y ¥
wh *Objectives and
*Who
Wh Comments
*What
Strategic *Organization and
(the organization) Management
*Who =General Practices
*What Tactical
*How
(Function) +SOPs
*Who
*Check Lists
*What Operational *Forms, etc.
*How
*When
(Opcratinns}
2.8 Accuracy

e Accuracy is the closeness of a measurement or the mean of a set of

measurements to the true value. Accuracy is assessed in terms of percent

recovery for quality control check samples and matrix spikes.

2.8.Precision

e Precision is the closeness between a set of replicate measurements without

assumption or knowledge of the true value. Analytical precision is assessed by

means of laboratory duplicate or replicate.
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2.9.Errors:
Types of Errors
|
[ | | 1
Systematic =~ Random Rounding
E Gross Error
fxor Error Error

2.9.1.Causes of Systematic Error

¢ Instability between sampling and measurement

¢ Inability to determine all relevant forms of the analyte

e Interference
e Biased calibration
e Biased blank

2.9.2.Causes of Random Error

e Uncontrolled variations in the conditions of the measurement system during

different measurements, e.g.:

> Differences in volume

» Fluctuations in temperature or electrical current.

» Reading of scales

» Differences in calibration between batches

2.9.3.Causes of Gross Error:

e Personnel mistakes or carelessness:

» Using wrong method.

» Misreading a scale or signal display.

» Analysis of wrong sample.

» Erroneous marking of sample.

» Results in wrong unit.

> Calculation error.

» Transposition of data.

» Transcription error.
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2.9.4.Causes of Rounding Error:

e Either rounding off data so much that the natural variability is obscured or
keeping so many of the digits produced by a calculator or an instrument that a

false impression of accuracy is produced

Low accuracy. low precision Low accuracy, high precision
‘
High accuracy. low precision High accuracy, high precision
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1. Quality System
e \We have to define its elements clearly and correctly.

e The main elements of the quality system are QM, QA & QC as mentioned above.
In this section, we will discuss in details QA (Human and Physical Resources) &
QC practices whilst QM will be discussed at the next level.

3.1.Personnel
3.1.1.Quialification:

e The laboratory shall have a complete information about all the staff
includingcertification, training programs, experiences, and Job descriptions.
(Appendix 01- list of laboratory staff, Appendix 02 - CV).

3.1.2.Training:

e Training requirements shall be outlined and documented on the basis of the
position duties description (Appendix 05 - training needs, Appendix 06 -
training plan)

e The level of training is determined by the staff qualifications, experience,
complexity of the test method, and knowledge of the test method performed.

¢ The staff should not perform any procedure, or method until all applicable on job
training has been completed and competency demonstrated (Appendix 07 - on
job training)

e Personnel undergoing training are supervised until training is completed and
competency demonstrated (Appendix 08 — evaluation after training).

3.1.3.Competency:

e The performance of the laboratory staff shall be demonstrated according to their
experiences, qualifications. The annual performance check plan is mentioned in
Appendix 09.

e Some techniques are consulted to assess the performance of the technical staff
including some statistical tools.

e NOTE: Check performance tools may include but not limited to ( i) achieving
an objective (i) Observation of procedure or process (iii) Oral query (iv)
Conducting training (v) Evaluation of precision in both terms of repeatability
limit (r) and reproducibility limit (R) where the difference between two
readings X1 and Xz should be less than repeatability limit (r) for a person and
less than reproducibility limit (R) for a working group (vi) Evaluation of

11
el Capeall 5 Gl olaal A dil) AS A1 i ) jlsall dalal) o 1Y)



A A, — sl e

— omec b—me-ororouo-

accuracy based on Recovery as mentioned below in quality control section. The

results of this check have to be recorded including the recommendations of the
inspector (Appendix 10 — check performance record)
3.1.4.Authorization:

¢ the authorization should be completed for each one and kept in the personnel file
(Appendix 03 — authorization)

e Lab. shall maintain relevant delegations for key positions, original position
occupier and the delegated person by names. These delegations should be signed,
approved, and displayed; also it should include description tasks (Appendix 04 -
delegation)

3.2.Facilities, Safety and environmental conditions
3.2.1.Facility

e Laboratory’s installation shall facilitate correct performance of the tests and also
the technical requirements for accommodation and environmental conditions
affect results shall be documented (Appendix 11 — environmental record)

3.2.2.Safety

o All the safety requirements should be established and demonstrated as follows:

» Occupational health and safety guide should be obeyed in both terms of
individuals and working area (Annex I).

» Distinguish high risk chemicals and retain MSDS for all laboratory
chemicals.

» Emergency plan (Appendix 12) should be available and should include the
following:

Spill / volatilization of chemicals

Fire

Explosion

Warning signs should be taken into account
» Occupational health and safety equipment should be available (withdrawal
gas cabinets, ventilation hoods, shower, washing eyes and fireextinguishers).

» Laboratory staff should be trained to deal with emergency situations
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3.2.3.Environmental Condition
o Effective separation between neighboring areas should be present to prevent
Cross contamination.
3.2.4.Housekeeping
e Eating, drinking and smoking are prohibited at the laboratory.
e The lab. shall control access to the laboratory and use of area effect on quality of
tests (Appendix 13 - Staff Only)

e Laboratories areas are maintained sufficiently clean and orderly to prevent
contamination of tests and to facilitate the efficiency of laboratory operations.
The laboratory shall have a regular cleaning and disinfection plan that carried out
in order to keep the premises in a condition suitable for conducting tests
(Appendix 14 — daily housekeeping, Appendix 15 — weekly and monthly
housekeeping)

3.3.Equipment & Chemicals
3.3.1.Equipment

e The lab shall be equipped with the required equipment and tools that achieve the
accuracy stated by the methods. The following items are required:
> A list of instruments and glassware to be verified should be available

(Appendix 16 — equipment list, Appendix 17 — glassware list)
» The lab shall have a plan for equipment calibration (Appendix 18 —
Calibration plan).
» Verification should be done by following the manufacturer's instructions,
equipment guides and the methods. (As mentioned in Annex 1)
» Records for each laboratory instrument should be available (Appendix 19 —
equipment record sheet)
» Minimum records are:
v" Date of installation and date of first operation
v' Short cuts of the manufacturer operation instructions
v Monitoring record (if appropriate).
v" Calibration certificates.
v Maintenance record.
v Identification card (not label).

v' Cleaning record (if appropriate).

13
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v/ Working instruction or manufacturer manual.

» The lab shall periodically plan for the activities including intermediate
calibration checks (Appendix 20 —intermediate calibration checks plan) and
maintenance (Appendix 21 —maintenance plan)

> Log book entries should be signed.

> ldentification labels should be attached to all instruments/equipment.

» The identification labels for instruments/equipment should show as minimum:

v ID
v Last and next calibration date
v~ Serial number

3.3.2.Chemicals

e A list of purchased, prepared chemicals and standard materials should be
available including MSDS certificate and certificate of analysis as essential
requirements certificate of analysis for reference materials , Uncertainty value,
and manufacturer should be complying to ISO 17034(Appendix 22 — purchased
chemicals, Appendix 23 - prepared chemicals, Appendix 24 -standard
materials)

o |dentification labels should be attached to all chemicals/solutions mentioning the
following:

For prepared chemicals:

» Name of contents, Formula, Concentration, Date of manufacture / Preparation
and Expiry date.

For purchased chemicals: unique 1D and date of opening are enough.

e Hazardous chemicals and solutions should be marked with relevant hazard
symbols.

o A system followed for correct storage of chemicals and glassware should be
available in the laboratory. The system should include an updated inventory
book(s) for chemicals and glassware (Appendix 25 — consumed chemicals,
Appendix 26 — consumed glassware)

e The inventory for chemicals should include names, expiry dates, updated stock
and signature.

e The inventory for glassware should include names, updated stock and signature.

14
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e Storage of chemicals should be done according to the manufacturer

recommendations.
¢ The system should include arrangements for safe disposal of expired chemicals.
3.4.Methods
e The laboratory shall use appropriate methods and procedures for all laboratory
activities considering its resources (Appendix 27 — list of laboratory methods).
3.4.1.Types of Methods
Standard Methods.
Official Methods [for use by government organization (EPA, NIOSH)].

Literature Methods [ Analytical Journals].
¢ In-House Developed Methods [Laboratory procedures].
3.4.2.Method Validation and verification
e Validation: is the procedure used to prove that a test method consistently yields
what it is expected and required to do with adequate accuracy and precision.
e Verification: is the process to demonstrate the competence in test performance
of an already validated standardized test method.
3.4.3.Method should be validated when:
e Changes in established methods
e New method developed for a particular problem.
3.4.4.Method Validation Parameters:
e (alibration function/linearity.
e Sensitivity.
e Limit of detection.
¢ Limit of Quantitation.
e Precision.
e Accuracy.
e Range of application.
e Selectivity/Interferences
e Ruggedness / Robustness
3.4.5.Method should be Verified when:
e Characteristics of Standard Method Should be verified before initiation of
method in laboratory.

3.4.6.Verification Parameter:
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e Limit of detection.

e Limit of Quantitation.
e Precision. (Repeatability, Reproducibility, RSD%, SD)
e Accuracy. (Trueness, Bias)

e (Calibration function/linearity.

IV. Analytical Quality Control
The dual functions of the laboratory quality control program (Appendix 28 —
quality control program) is itsinternal quality control, composed of day-to-day
monitoring of analytical performance, and its external quality control, based on
the laboratory’s performance in proficiency testing schemes and inter-
laboratories comparisons.
4.1.Internal Quality Control

e Quality control programs are used to measure accuracy, precision, and matrix
effects. Generally, quality control is achieved with each batch. This level
sufficiently demonstrates the validity of results. The laboratory determines,
where feasible, the accuracy and precision of all analyses performed.

e Analytical batch — An analytical batch is the basic unit of measure by which the
number of quality control samples needed is determined. The analytical batch is
those samples analyzed together with the same method sequence, the same lots
of reagents, and manipulations common to each sample within the same time
period or in continuous sequential time periods. The frequency of each type of

the quality samples is 5% of the batch.

STANDARDS SAMPLES

e .
* Ca

BSt St1 St2  St3 BSp

QCsp
|
I

TSpl TSp2 TSp3 TSp4 QCSp

Tl
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4.1.1.Internal Quality Control schemes for Chemical laboratories

The laboratory shall establish a QC program based on the following elements:
4.1.1.1.Initial Demonstration of Capability (IDC):

To determine the IDC,

¢ Include a reagent blank and at least four Laboratory Fortified Blanks (LFB) at a
concentration between 10 times the Method Detection Limit (MDL) and the
midpoint of the calibration curve (or other level specified in the method).

e Undergo precision and accuracy calculations.

e Ensure that precision and accuracy (percent recovery) calculated for LFBs are
within the acceptance criteria listed in the method of choice or generated by
the laboratory (if there are no established mandatory criteria).

e To establish laboratory-generated accuracy and precision limits, calculate the
upper and lower control limits from the mean and standard deviation of percent
recovery for at least 20 data points:

o Upper control limit = Mean + 3(Standard deviation)
o Lower control limit = Mean - 3(Standard deviation)
o Standard Deviation (s) is calculated using the following

formula:

I ,
o = %P
\'_—' (n—1)
i=1

e Laboratory-generated acceptance criteria for the IDC (in the absence of

5=

established mandatory criteria) generally would meet industry-acceptable
guidelines for percent recovery and percent relative standard deviation (%RSD)
criteria (e.g., 70 to 130% recovery/20% RSD).

¢ Another option is to obtain acceptance criteria from a proficiency testing (PT)
sample provider on the inter-laboratory PT studies and translate the data to
percent recovery limits per analyte and method of choice.

e Also, verify that the method is sensitive enough to meet measurement objectives
for detection and quantitation by determining the lower limit of the operational
range.

e The measurements and calculation of IDC should be recorded in (Appendix 29 —

internal quality control)

17
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4.1.1.2.Method Detection Level Determination and Application:
e Before analyzing sample determine the MDL for each analyte of interest or

method to be used:

» Use an estimate of five times the estimated true detection level. Start
by adding the known amount of constituent to reagent water or sample

matrix to achieve the desired concentration.

> ldeally, prepare and analyze at least seven portions of this solution
over a 3-d period to ensure that the MDL determination is more

reliable

» The replicate measurements should be in the range of one to five times
the estimated MDL, and recoveries of the known addition should be
between 50 and 150%, with %RSD values 20%.

» Calculate the estimated standard deviation, s, of the 7 replicates, and
from a table of one-sided t distribution, select t for the (7-1) = 6
degrees of freedom at the 99% confidence level. This value, 3.14, is

then multiplied by the calculated estimate of standard deviation, s:
MDL =3.14*s

Ideally, use pooled data from several analysts

Spooled =
My _ Iy _ Ry _ 142
Z(er_xl)z_'_ Z(Xi = X, + E(X;‘_X3)2+---
=1 i=1 k=1
Nl + N?. + N3 S _Nf

« Conduct MDL determinations at least annually The measurements and calculation of

MDL should be recorded in (Appendix 29 — internal quality control).

Note: Method Quantification Limit (MQL) is the concentration of an analyte
that can be determined with acceptable precision and accuracy under the stated
conditions of the method and equal to

MQL=2.5*MDL

o Generally, apply the MDL to reporting sample results as follows:

> Report results below the MDL as “not detected” (ND).
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> Report results between the MDL and MQL with qualification for the

quantified value given.

> Report results above the MQL with a value.
4.1.1.3.0perational Range:

e Before using a new method or instrument, determine its operational (calibration)
range (upper and lower limits). Use concentrations of standards for each analyte
that provide increasing instrument response.

e The measurements and calculation of operational range should be recorded in
(Appendix 29 — internal quality control)

4.1.1.4.Calibration Curves
e For tests that use calibration curves, the following guidance is relevant.
a. Initial calibration:

» Perform initial calibration using at least three concentrations of standards for
linear curves, at least five concentrations of standards for nonlinear curves, or
as specified by the method of choice.

» Set the lowest concentration at the reporting limit. The highest concentration
standard defines the upper end of the calibration range.

> Ensure that the calibration range encompasses the analytical concentration
values expected in samples or required dilutions.

» Choose calibration standard concentrations with no more than one order of
magnitude between concentrations.

o If linear regression is used, use the minimum correlation coefficient specified in
the method. If the minimum correlation coefficient is not specified, then a
minimum value of 0.995 is recommended.

e Compare each calibration point to the curve by recalculating its concentration. If
any recalculated concentration is not within the method’s acceptance criteria,
identify the source of outlier(s) and correct before sample quantitation.
Alternatively, a method’s calibration can be judged against a reference method
by measuring the method’s “calibration linearity” or %RSD among the “response

factors” at each calibration level or concentration.

b. Calibration verification:

19
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¢ In calibration verification, analysts periodically use a calibration standard to
confirm that instrument performance has not changed significantly since initial
calibration.

e Base this verification on time (e.g., every 12 h or each use) or on the number of
samples analyzed (e.g., after every 10 samples).

o Verify calibration by analyzing one standard at a concentration near or at the
midpoint of the calibration range.

e Evaluate the calibration verification analysis based either on allowable
deviations from the values obtained in the initial calibration or from specific
points on the calibration curve.

e |f the calibration verification is out of control, then take corrective action,
including reanalysis of any affected samples.

o Refer to the method of choice for the frequency of and acceptance criteria for
calibration verification.

4.1.1.5.Reagent Blank:

¢ A reagent Blank consists of reagent water and all reagents included in test except
the analyte of interest to determine and measure contamination and interferences.

¢ Include one reagent blank with each sample batch

¢ Evaluate reagent blank results for contamination, if unacceptable contamination
is present in the reagent blank identify, eliminate, re-prepare and re-analyze
samples with a contaminated blank.

o Criteria to accept the result of RB will be< 1/2 MQL.

“If the reagent blank is greater than the MQL, further corrective action and

gualification is required. (Appendix 30 — blank determination)”

4.1.1.6.Laboratory-Fortified Blank/Laboratory Control Standard:

e A Laboratory-Fortified Blank is a reagent water sample (with associated
preservatives) to which a known concentration of the analyte(s) of interest has
been added,and is used to evaluate laboratory performance and analyte recovery
in a blank matrix.

e Asaminimum, include one LFB with each sample set (batch).

e Use an added concentration of at least 10 times the MDL, less than or equal to

the midpoint of the calibration curve, or level specified in the method.
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e Evaluate the LFB for percent Recovery by comparing its recovery results to
method specified limits, control charts, or other approved criteria. If LFB results
are out of control, take corrective action, including re-preparation and re-analysis

of associated samples if required.

Found value

% Recovery= - I X100 %
rue value

e Results of LFB should be recorded in (Appendix 31 — laboratory fortified blank)

4.1.1.7.Laboratory-Fortified Matrix (Spike recovery):

e A Laboratory-Fortified Matrix (LFM)is a portionof sample to which a known
amount of the analyte (s) of interest is added before sample preparation, and is
used to evaluate analyte recovery in a sample matrix.

¢ Include at least one LFM with each sample batch

e Use an added concentration of at least 10 times the MDL, less than or equal to
the midpoint of the calibration curve, or level specified in the method.

e Take certain volume of sample and add certain volume of known concentration
standard (i.e. this volume will equal known concentration Cadd )

e Measure the concentration of analyte in the original sample (Corg), and in spiked

sample (Cspk) then Calculate the percent Recovery

Recovery = [(Cspk — C org)/Cadd] *100

e Evaluate the LFM for percent Recovery by comparing its recovery results to
method specified limits or other approved criteria. If LFM results are out of
control, take corrective action to correct the matrix effect.

e The recovery data should be recorded in the spike recovery recorded sheet
(Appendix 32 — spike recovery)

4.1.1.8.Duplicate Sample/Laboratory-Fortified Matrix Duplicate:

e Duplicate samples are two separate samples taken from the same source (i.e.
samples in separate containers and analyzed independently).

e They sample are analyzed randomly to assess precision. If an analyte is rarely
detected in a matrix type, use an LFM duplicate.

e As a minimum, include one duplicate sample or one LFM duplicate with each

sample batch.
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e Evaluate duplicate sample/LFM duplicate results for precision, by Relative

percent difference (RPD):

RPD =

|sample result — duplicate result|

(sample result + duplicate result)/2

X 100

e If duplicate sample/LFM duplicate results are out of control re-prepare and re-

analyze the sample and take additional corrective action.

» The results of duplicate should be recorded in (Appendix 33 —

duplicate analysis)

4.1.1.9.Quality Control Sample QCS:

e Evaluate proficiency for each analyte and method in use by periodically

analyzing laboratory check samples. To determine each method’s percent

recovery, use either check samples containing known amounts of the analytes of

interest supplied by an outside organization or else blind additions prepared

independently in the laboratory.

e In general, method performance is established beforehand; acceptable percent

recovery consists of values that fall within the established acceptance range. For

example, if the acceptable range of recovery for a substance is 85 to 115%, then

analysts are expected to achieve a recovery within that range on all laboratory

check samples and to take corrective action if results are outside it.

4.1.1.10. Control charts

e The control chart is a graph used
to study how a process changes
over time. Data are plotted in time
order. A control chart always has
a central line for the average, an
upper line for the upper control
limit and a lower line for the
lower control limit. These lines
are determined from historical

data. Control chart is one of the

The
el

[ LEA T ]
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most important tool to monitor the trends of the laboratory’s results.

Basically We have to remember the following:

e The Normal Distribution Function

e Standard deviation, Mean

e Confidence intervals, Confidence limits
o Relative Percent Difference

e Accuracy charts (Mean Chart/ Recovery Chart)

» Accuracy chart is constructed from the average and standard deviation of
specified number of measurements of analyte of interest.

» The accuracy chart includes:

» Upper and lower warning levels (WLs) as WL = mean = 2s (relative to
statistical confidence limits of 95%)

» Upper and lower control levels (CLs) as CL = mean * 3s (relative to statistical
confidence limits of 99%)

» Central line represents the mean of measurements.

» Construct a chart for each analytical method, Enter results on the chart each

time the QC sample is analyzed.
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Control Chart

Accuracy Chart : X-Chart

Batch NO X = - ==
X X: X=X (X-X p
Upper Actiontint (U4 (Date} {Number) (X:+X,)/2
T . 1-Jan-09 116 116 116 1.625 2640625
‘umtﬂuﬂ::uﬂ) 2-Jan-09 116 17 116.5 2125 4515625
‘ 3-Jan-09 114 114 114 -0.375 0.140625
2 X 435, 4-Jan-09 112 112 112 -2.375 5.640625
i o 5-Jan-09 114 115 114.5 0.125 0.015625
s ey 5 _6Jan08 | 114 | 114 4 0375 0.140625
E 1 pommmmebnepcede e e——- Y NI T by 7-Jan-09 114 114 114 -0.375 0.140625
g i f 8-Jan-09 116 115 115.5 1.125 1.265625
2 .2 9-Jan-09 113 113 113 -1.375 1.890625
e Eﬂ 10Jan08 | 116 | 115 1155 1125 1265625
) Lover Waming it (LCU 11-Jan-09 113 13 113 -1.375 1.890625
A e 12-Jan-09 116 116 116 1.625 2.640625
Lower Action it (LAL) 13-Jan-09 116 117 116.5 2.125 4.515625
et 14-Jan-09 114 114 114 -0.375 0.140625
one 15-Jan-09 112 112 112 2.375 5.640625
Batch No. 16-Jan-09 114 115 1145 0.125 0.015625
HITCRH 17-Jan-09 114 114 114 0.375 0.140625
18-Jan-09 114 114 114 -0.375 0.140625
19-Jan-09 116 115 115.5 1.125 1.265625
20-Jan-09 113 113 113 -1.375 1.890625
———————————————— a L] =
N ~ Z g » Centerline (CL) = Mean = Average = X = 114,375 ppm
\ A [ x ‘T' = 114.375ppm » Upper Warning limit (UWL)= I 25,= 117.1256 ppm
B — T BN 1y ~— \ N » Lower Warning limit (LWL) = X - 25, = 11,6244 ppm
\ / Lo \ / . Y(% -%)'= 359375ppm » Upper Action limit (UAL) = X +38, = 118.5009 ppm
1 ) 4 ¥ =l =
greisissoosisesmosTmmasisiaeais - 7 Lower Action limit (LAL) = % -3, = 110.2491 ppm
1 N
pACESN
, ‘ = - I | 4375200 ppm
gy Mg S Mg, "‘::*'N By Mg, g, g, 19

e Precision charts (RPD, Range Chart)

» The precision chart is constructed from the average and standard deviation of
specified number of measurement of the analyte of duplicate or replicate
analysis of analyte of interest.
The precision chart consists of

Upper warning limit WL =R + 2s_R=R + 2/3{(D4R*) + (R*)} =2.51*(R*)

Upper control limit CL =R + 3s(R) = D4(R*) = 3.27* (R*)

N N X Vv

The mean of range (R*) = D,S=1.28*S
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> lower warning limit and lower control limit are the same at zero line .the

standard deviation of duplicated readings is converted to the ranges, the

analyst need only subtract the two results to plot the value on the precision

[ Control Chart J

Precision Chart : r%-Chart

SOOI | e e
AN AN A /]
I [kl Mornber) k2 r=R*100/X
s 00| A | s | s LRER
h O, Aandy 0[] w 4210
] Tand8 100 |00 | 195 |1 908134
‘o & AJen 0¥ 15y [ 80 | s b 320568
l R PR NG Clandf | 155 | 150 | 1%8 K 320
Lo o T fiulanf 160 | 162 ¢ 2 1260%
1Jan08 | 200 Vores for ridrdieiivn of vindard divinsse
, [) Hill‘rl}ﬁ ’Zﬂh - , b-unpuﬂuulmflunll';hm
et N Sl Byt S
el 0Jan00 195 | [ ) n,
i T R —" T ——
LA 13-lan00 "ﬂ W i e Yot
Teden08_| 15 | 190 | 15 | & S8R
ranane 1o 16 | 1950 | 1528 5 PR
' e O O 7 T 2 L20%
) BT Rt i e e e e n 17Jan08 200 | 201 | 03 1 14T
‘ 16808 200 [ 210 [ Ars 1 24IE6E
. Ry WJan0 200 [ 200 [ a0 0 0
“ et R EEEE 3 8RR
; ‘.' o J 4 AN s S ol o e b ) o
. e ¢ AL AT o g, oy iy g 0l
il ’u v: kl .’. ‘f W ". .n‘. |r . r ._b_ T390 iy - L
| W1E “ A S Ly .0, = 2307 SRLARE
. '.‘. - |”' Canvarling (Ch)m ¥ w0 DA o

Lippar drvinm i (001 ) w P w0, @ ¥ W00 pren

- - - -
W “ ‘
i) My S, My Sy, g, Lowar ALUGN LIME LAY = ¢ x L3y = Zars pom

Lﬁ*‘j‘ 8 pall g o ydll olual dantall 4< 500 ‘f:\k)s‘ Shasall aalad) 6 ylaYy)



—

A A, — sl e

» For evaluation of control chart result and further details for control chart

see

S.N.

Rule

Chart

A run is rejected
when a single
control
measurement
exceeds the mean
plus 3s or the
mean minus 3s
control limit.

this rule is used
as a warning rule
to trigger careful
inspection of the
control data by
the following
rejection rules.

225 - reject when
2 consecutive
control
measurements
exceed the same
mean plus 2s or
the same mean
minus 2s control
limit.

20f3s - reject
when 2 out of 3
control
measurements
exceed the same
mean plus 2s or
mean minus 2s
control limit;

2olfE,., ralka
wriolatiom

1 2 3 4 & &8 T B 8 W

7t - reject when
seven control
measurements
trend in the same
direction, i.e., get
progressively
higher or
progressively
lower.
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Ras - reject when 1

control =3 I

measurement in a| TE®
6 |9roup exceeds the | st

mean plus 2s and a

another  exceeds e

the mean minus

28.

415 - reject when
4 consecutive
control
measurements

7 | exceed the same
mean plus 1s or
the same mean
minus 1s control
limit.

10x - reject when
10 consecutive
control
measurements
fall on one side
of the mean

e Data collected for control chart are recorded in (Appendix 34 — control chart

collection data)

4.2.External quality control
¢ In addition to the internal quality control, it is extremely useful for laboratories to
obtain an independent check of their performance and to be able to compare their
performance with that of other laboratories carrying out similar types of
analyses. Failure to utilize proficiency testing can leave a crucial void in the
laboratory quality system. A key feature of proficiency testing schemes is that
the assessment of laboratory performance is expressed in terms of a score that

can be readily interpreted in terms of statistics.

Calculating Z-score
The criteria of the z-score results
-2<7<2 Satisfactory.

_ Result of indivdual — Mean

2<72<3 Questionable.
Std deviation

Z>3 Unsatisfactory.
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V.

VI.

Appendices
e Look at the attached file, they are ordered as matched with their numbers in

context.
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Introduction:
Quality control (QC) practices are designed to ensure that the laboratory’s
processes are under control.
QC activities are necessary to minimize systematic and random errors resulting
from variations in personnel, instrumentation, equipment, reagents, supplies,
sampling and analytical methods, data handling, and data reporting.

A listing of key QC practices is given in Annex 1.

QC practices:

QC practices involving:

Personnel and Biosafety Criteria,
Environmental Monitoring,

Laboratory Equipment and Instrumentation,
Laboratory Supplies,

Analytical Quality Control Procedures

ok owpneE

- Personnel and Biosafety Criteria:

Microbiological testing should be performed by a professional microbiologist
with an appropriate level of education, training, and laboratory bench experience
in general microbiological techniques.

Access to the laboratory is limited or restricted by posting a sign (e.g.,
“Restricted Area—Staff only”).

Ensure that doorways and windows are closed when aseptic work is in progress.
Wash hands thoroughly with soap and water after handling viable materials, after
removing gloves, and before leaving the laboratory.

Do NOT eat, drink, smoke or store food for human use in work areas.

Do NOT pipet by mouth.

Decontaminate work surfaces before and after each use and after any spill of
viable material.

Decontaminate all cultures, and other regulated wastes before disposal by an
approved decontamination method, such as autoclave sterilization.

Wear laboratory coats to avoid contaminating or soiling street clothes.

Wear gloves, especially if there is a rash or open lesion on the hands.
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Staff Competency.

Definitions:

Repeatability: The closeness of the agreement between successive and
independent test results obtained by the same method on portions of the same
test sample under the same conditions (apparatus, operator, laboratory and
within a short period of time).
e Reproducibility: The closeness of the agreement between test obtained by the
same method on portions of the same test sample under different conditions
e Bias: The difference between the expectation of the test results and an accepted
reference value.
e Trend: Is a long-term movement in time series data or it is a consistent
movement in the same direction over a long period in a time series.
Protocols:
Repeatability (One Analyst results):
« Use overnight broth culture of any available reference strain to perform this
test.
* Pick up one colony from working culture and inoculate in 100 ml tryptic soy
broth.

Incubate at adequate temperature for 12-18 hr.

Perform 10" fold serial dilutions series using phosphate buffered water as
diluents.

Plate out dilutions number 107, 10®, and 10 onto non selective agar media

plates in duplicate manner.

Repeat the step of serial dilutions five times.

Incubate all the plates at adequate temperature for 22-24 hours.
» Transform final result to logio values and calculate repeatability (r) from

equation:

r=28xSr

Reliability of Colony Counting (Within Analyst):
« Select, from any available source, 10 bacterial plates cultured with pour/surface
plate technique and 10 bacterial plates cultured with membrane filtration
technique.

» Mark each plate with unique number.
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Count each plate twice and consider readings as T1 and T2.

QA/QC
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Keep all plates at 5 £3.0 °C overnight.

Recode plates with different numbers.

Recount all plates and record counting as T3.

Calculate mean value for each plate (T)
« Use following equation to calculate relative difference value for each plate
between the three counting results.
+ Value should be within £7.7 %.
« Equations:
[(T2-T2)x100]/T  ,[(T2-T3)x100]/T,
Precision Criteria for duplicate analysis:

[(T1-T3)x 100]/ T

+ Calculate precision, for each analyst, of duplicate analyses according to the
following procedure:

« Perform duplicate analyses for at least 15- 20 sets.

» Record duplicate analyses as D1 and D2.

» Calculate the logarithm of each result. If either of a set of duplicate results is
<1, add 1 to both values before calculating the logarithms.

« Calculate the range (R) for each pair of transformed duplicates as the mean of
these ranges.

» Thereafter, transform the duplicates to logio and calculate their range. If the
range is greater than 3.27 R, there is greater than 99% probability that the
analyst variability is excessive.

» Identify and resolve the analytical problem before further analyses.

» Update the criterion used annually by repeating the procedures using the most

of duplicate results.

e Example:
. . Rang of
S?\Imople Duplicate analyses Logarithms of counts Logarithms (R oq)

’ D1 D2 L, L, (Li-Lo)

1 89 71 1.9494 1.8513 0.0981

2 38 34 1.5798 1.5315 0.0483

14 7 6 0.8451 0.7782 0.0669

15 110 121 2.0414 2.0828 0.0414

e Calculation

. _R=Zof Rlog/n

Precision Criterion = 3.27 R
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e R=0.71889/15=0.0479.... criteria = 3.27 x 0.0479 = 0.1566

e Application:
Date qf Di%gf;;?:f Duplicate of count Logarithms acceptance
analysis range
D1 D2 L1 L2
DD/MM/YY 71 65 1.8513 1.8129 0.0383 A
DD/MM/YY 110 121 2.0414 2.0828 0.0414 A
DD/MM/YY 73 50 1.8633 1.6990 0.1643 U

» Other measures can be used to calculate the difference such as root difference,
standard deviation(s), and coefficient of variation (CV).

» Root difference is the difference between two values after taking their square
root.

« Coefficient of variation is the division of Standard Deviation (S) by mean
(SIM)

» Lab should establish criteria based on previous measures and graph them

using R chart.
- Environmental Monitoring:

o Keep work areas clean. Disinfect surfaces before and after testing.

Regularly clean laboratory rooms and wash benches, shelves, floors, windows,

overhead lights, and exposed pipe surfaces.

Wet-mop floors and treat with a disinfectant solution weekly; do not sweep or

dry-mop.

Wipe benchtops and treat with a disinfectant at least daily.

Store supplies and paperwork away from benchtops.

Eliminate or cover any overhead pipes that cannot be cleaned routinely.

Monitor bench-surface contamination weekly by using swab method

Check room temperature daily (normally 18 °C — 25 °C).

Monitor air quality monthly using air-density settling plates (a passive sampling

process wherein particles can settle on the agar surface).

- Laboratory Equipment and Instrumentation:

Identify equipment by serial number or unique laboratory reference number.

Verify by constant monitoring, routine maintenance and cleaning.

Provide written procedures on the use, operation, calibration, and maintenance of

relevant equipment and instruments.
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Keep manufacturers’ manuals available for easy retrieval.

Use the following QC procedures for all laboratory equipment :

. Temperature-sensing and -recording devices:

Use thermometers with temperature increments of 0.5°C or less, as appropriate
(e.g., for a 445 + 0.2°C water bath used for incubation of thermotolerant
bacteria, use a thermometer with 0.1°C increments).

If using liquid-based thermometers to measure temperatures in air ,incubators

and refrigerators, keep thermometer bulb in water or glycerol.

Annually, verify the accuracy of all working temperature sensing devices .

Note: Discard temperature-sensing devices that differ by >1°C from the
reference device.

. Balances:

Check balance routinely before use using at least two working weights that
bracket the normal usage range.

Service and recalibrate balances annually.

. pH meter:
To verify that the pH meter is functioning properly, measure and record its slope
after standardization each use.

. Water still (Distiller):

Each use, monitor it with a standardized conductivity meter.

. Hot-air sterilizing oven:

Test performance monthly with commercially available strips of a spore-forming
microorganism (e.g. Bacillus atrophaeus).

Note: Test the strip in glassware similar to the items being sterilized.

Measure (each use) oven temperature with a thermometer whose bulb is placed
in sand, a thermocouple-type probe, or a continuous-read temperature recorder.
(The temperature-measuring device must be accurate in the 160 to 180°C range).
Use heat indicating tape or chemical strips to identify supplies and materials that

have been exposed to sterilization temperatures.

. Autoclave
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When filling the autoclave leave space between racks and flasks so steam can
flow past individual test tube racks and flasks.

Verify autoclave temperature weekly with a maximum registering thermometer
(MRT) or accurate high temperature data logger (HTDL).

Use heat indicating tape or chemical strips to identify supplies and materials that
have been exposed to sterilization temperatures.

Test performance monthly with commercially available strips of a spore-forming
microorganism (e.g. Geobacillus stearothermophilus).

Note: Place the indicator in glassware containing a liquid to simulate actual
autoclave sterilization performance on media.

Each quarter, use a calibrated timer to check the timing of all cycles for media

sterilization.

. Refrigerator

Maintain temperature at 2 to 8°C and monitor it using either thermometers whose
bulbs are submerged in distilled water or glycerol solution.

Every day while in use, check and record temperature (corrected, if necessary)
Defrost and clean units annually.

Volatile organic chemicals should not be stored in the same refrigerator used for

microbiological media, reagents, or cultures.

. Water bath

Verify that water bath maintain the set temperature,( such as 35 + 0.5°C, 44.5 +
0.2°C or 44°C : 46°C );use an appropriately marked total immersion
thermometer.

When incubator is in use (i.e., samples are being incubated), monitor and record
corrected temperature twice daily separated by 4 h.

When water bath used for tempering of prepared, monitor and record corrected

temperature each use.

i. Incubator

Check and record corrected temperature twice daily (morning and afternoon,
separated by at least 4 h).

Do not overload nor stack Petri dishes more than four plates high.

j. Conductivity meter
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e Check daily before use and calibrate, if needed.

k. Microscopes:

e Clean optics and stage and check alignment.

I. Centrifuges:

e Check time of run using calibrated stopwatch quarterly.

- Laboratory Supplies:

a.Reagent-grade water

e Use reagent-grade water to prepare solutions and media, and for final glassware
rinses.

e Every day laboratory-prepared reagent water; monitor it with a standardized
conductivity meter.

e Each month determine total chlorine residual and heterotrophic bacteria
concentrations, which may provide an early warning of potential problems.

e Weekly, biological examination (algae counting & Protozoa) should be done.

b.Membrane filters and pads

e Confirm sterility prior to first use of the lot by placing a membrane filter or a pad
saturated with tryptone glucose extract broth (or equivalent non-selective broth
or agar) and incubating it at 35 + 0.5°C for 24 h; the filter is sterile if no growth
occurs.

c.Culture media
1. Preparation of media:

e Prepare media in clean containers that are at least twice the volume of the
medium being prepared.

e Measure both water and media with graduated cylinder or pipets.

e Avoid over boiling by using boiling water bath.

2. Sterilization:

¢ Do not expose media containing carbohydrates to elevated temperatures for >45
min.

¢ Do not re-autoclave media.

o After sterilization, check and record pH of a portion of each medium because the

specified pH of the medium is the actual pH required for adequate growth. If pH
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adjustment is needed, use filter-sterilized 1N NaOH or 1N HCI solutions to make

minor adjustments so medium’s pH meets that specified in the formulation.

3. Use of agars and broths:

e Temper melted agars in a water bath at < 50°C (preferably 44 to 46°C) until
used, but for <3h.

4. Storage of media:

e Prepare media in amounts that will be used within holding time limits given in
Table 9020:V

o If media are refrigerated, bring to room temperature before use.

TasrLe 9020:V. HovLping Times For Preparep MEeDIA

Medium Holding Time
Broth in screw-cap flasks#* 96 h
Poured agar in plates with tight-fitting covers* 2 weeks
Agar or broth in loose-cap tubess* 2 weeks
Agar or broth in tightly closed screw-cap tubest 3 months
Poured agar plates with loose-fitting covers in 2 weeks
sealed plastic bags
Large volume of agar in tightly closed screw- 3 months

cap flask or bottle*

* Hold under refrigerated conditions (2—8°C).
1 Hold at <<30°C.

d.Glassware &Plastic

e Check Toxicity for each washed batch.

e Check Sterility for each sterilized batch.

- Analytical Quality Control Procedures:
1.1 Membrane Filtration Techniques:

o Filter 10% of sample batch in duplicate manner, final value for that volume will
be obtained by getting the arithmetic mean for both plates.

e Plate(s) with non-selective agar medium, labeled as “Environmental Control”,
will be opened along the sample’s analysis run time to ensure adequate
environmental conditions.

o Filtration control (Procedural Blank): Filter 100 ml of sterile phosphate buffered

rinse water, using separate sterile funnel, after filtration of series of 10 samples;
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incubate under the same conditions as a sample. Absence of growth indicates the

absence of cross- contamination.

1.2 Multiple Tube Fermentation Technique:

e Apply the presumptive-confirmed phase of the multiple-tube procedure to all
samples, if samples were analyzed for fecal coliform using MTF technique there
will be no need to apply completed phase, otherwise proceed completed test to
not less than 10% of all coliform-positive samples on a seasonal basis.

e Plates with non-selective agar medium, labeled as “Environmental Control”, will
be opened along the sample’s analysis run time to ensure adequate
environmental conditions.

e Procedural Blank: perform, under the same conditions as sample, using sterile
phosphate buffered dilution water after inoculation of samples series. Absence of
growth indicates sterility of inoculation series.

1.3 Pour and Spread Plate Techniques:

e Prepare duplicate plates for each volume of sample or dilution examined,
concentration value for that volume will be obtained by getting the arithmetic
mean for both plates.

e Plate(s) with non-selective agar medium, labeled as “Environmental Control”,
will be opened along the sample’s analysis run time to ensure adequate
environmental conditions.

e Procedural Blank: Inoculate 0.1 mL (for spread plate) or 1 mL (for pour plate) of
sterile phosphate buffered dilution water, using separate sterile pipette, after
inoculation of samples series; incubate under the Same conditions as a

sample. Absence of growth indicates absence of cross contamination.
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Appendices for calculation of Uncertainty
Appendix 1
WORKED EXAMPLE FOR MEMBRANE FILTER
TECHNIQUE

Let us assume that a drinking water sample was collected and sent to the
laboratory for total coliform (TC) analysis by membrane filtration onto mEndo
agar LES.
Let us also assume that the sample was analyzed as soon as it arrived at the
laboratory, that there was no significant difference in TC recovery among
batches of mEndo agar, that the laboratory had only one incubator for TC and
that the total coliform colony count was 0-20 per 100mL after confirmation.
In this case, there was no holding time, the laboratory had only 1 incubator,
there was no significant difference among batches of mEndo agar and the count
is in the ranges of 0-20 and 20-80 colonies per filter. So, we only need to
include the uncertainty (RSD2) for filtration among analysts and the uncertainty
(RSD?) for counting among analysts for the both ranges to calculate combined
standard (uc) and expanded uncertainty (U).
Step 1
Calculate the RSD? for filtering among analysts. This was 0.0111 (Table 3).
Calculate the RSD? for counting among analysts. This was 0.0071 (Table 4).
Step 2
Plug the RSDs2 into formula for calculating combined standard uncertainty.
uc = Vv [RSD¥AMONG ANALYST FILTRATION) + RSD (AMONG
ANALYST COUNTING)]

e Uc=+(0.111+0.0071) = 0.135
The combined uncertainty as percent relative standard deviations (RSDs%) =
0.135 x 100 = 13.5%.
Step 3
Calculate the expanded uncertainty (U).
U (as RSD%) = uc x 2 (as RSD%) = 13.5% x 2 = 27%.
Step 4
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Calculate the final result per reporting volume.

CFU + U/100mL = (Count/Filter + U for the range as RSD%)
For example: If sample result is 12. In this case, (12 + 27% of 12) = (12 £ 3) =
12 + 3 Therefore, the TC count per 100mL is 12 = 3 at the 95% level of

A A, — sl e
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confidence.
Table 3: All analysts filtered the same sample and one analyst counted colonies
on all filters
Analyst | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter | TC/Filter

A 19 20 20 17 20 18 17 16 20 19
B 18 21 17 16 19 20 20 13 17 20
C 19 19 20 15 18 15 19 20 15 18
D 17 20 19 18 19 20 18 18 19 13

e [ o9 woor |3

1.6667 0.6667

Overall Mean Count

Mean Variance

Standard Deviation

Relative SD %

RSD?

Degree of Freedom

Table 4: All analysts filtered the same sample and all analysts counted colonies on filters

0.9167 0.6667

Overall Mean Count

Mean Variance

Count Plate 1 Plate 2 Plate 3 Plate 4 Plate 5 Plate 6 Plate 7 Plate 8 Plate9 Plate 10
A 19 20 20 17 20 18 17 16 20 19
B 20 21 18 16 19 20 20 15 18 20
C 19 19 20 18 18 19 19 20 18 20
D 17 20 19 18 19 20 18 18 19 13

Standard Deviation

Relative SD %

RSD?

Degree of Freedom

Combined Relative Standard Uncertainty (ruc)

Combined Relative Standard Uncertainty (ruc%)
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Expanded Uncertainty (U %) 27 |
Appendix 2
WORKED EXAMPLE FOR HETEROTROPHIC PLATE
COUNT

e Let us assume that a drinking water sample was collected and sent to the
laboratory for HPC analysis by Pour Plate technique onto R2A medium.

e Let us also assume that the sample was analyzed as soon as it arrived at the
laboratory, that there was no significant difference in HPC recovery among
batches of R2A medium, that the laboratory had only one incubator for HPC
and that the HPC colony count was 30 - 300 per 1mL

e In this case, there was no holding time, the laboratory had only 1 incubator,
there was no significant difference among batches of R2A medium and the
count is in the ranges 30 -300 colonies per 1 ml. So, we only need to include the
uncertainty (Sr) for to calculate combined standard (uc) and expanded
uncertainty (U).

e Stepl

e Calculate the Sr between Analysts A and B (Table 5).

e Calculate the Sr between Analysts A and C (Table 6).

e Calculate the Sr between Analysts D and B (Table 7).

e Calculate the Sr between Analysts D and C (Table 8).

o Step?2

e  Multiply all calculated Sr by 2.

e Calculate the Mean 2 Sr

e EXAMPLE:

e A standard deviation of reproducibility Sr of £ 0,15 logio has been found. Thus
the expanded uncertainty U, with a coverage factor of 2 (confidence level of 95
%) is 0,15 log.

e Thetestresultis 5,0 log cfu/ 1 ml

e Thus the test result may be reported as one of the following cases:

v' 5,0 log £ 0.15 log;
v 5,0 log [4,85, 5,15].
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Table 5: Calculation of Sr between analyst A and B
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Sn A B log A log B D=A-B D?
1 102 140 2.0086 | 2.14613 | -0.13753 | 0.01891
2 107 141 2.02938 | 2.14922 | -0.11984 | 0.01436
3 103 137 2.01284 | 2.13672 | -0.12388 | 0.01535
4 100 136 2 2.13354 | -0.13354 | 0.01783
5 98 139 1.99123 | 2.14301 | -0.15179 | 0.02304
6 108 140 2.03342 | 2.14613 -0.1127 0.0127
7 113 141 2.05308 | 2.14922 | -0.09614 | 0.00924
8 110 137 2.04139 | 2.13672 | -0.09533 | 0.00909
9 107 136 2.02938 | 2.13354 | -0.10416 | 0.01085
10 109 139 2.03743 | 2.14301 | -0.10559 | 0.01115
Sum 0.14252
Sr 0.084416772

| R 0.238766689 |

Table 6: Calculation of Sr between analyst A and C

Sn A C log A log C D=A-C D?
1 102 130 2.0086 | 2.11394 | -0.10534 0.0111
2 107 129 2.02938 | 2.11059 | -0.08121 | 0.00659
3 103 132 2.01284 | 2.12057 | -0.10774 | 0.01161
4 100 129 2 2.11059 | -0.11059 | 0.01223
5 98 125 1.99123 | 2.09691 | -0.10568 | 0.01117
6 108 128 2.03342 | 2.10721 | -0.07379 | 0.00544
7 113 133 2.05308 | 2.12385 | -0.07077 | 0.00501
8 110 130 2.04139 | 2.11394 | -0.07255 | 0.00526
9 107 137 2.02938 | 2.13672 | -0.10734 | 0.01152
10 109 139 2.03743 | 2.14301 | -0.10559 | 0.01115
Sum 0.09108
SR 0.067485144

| R 0.19087681 |

Table 7: Calculation of Sr between analyst D and B

Sn D B log D log B D=D-B D?
1 110 140 | 2.04139 | 2.14613 | -0.10474 | 0.01097
2 111 141 2.04532 | 2.14922 -0.1039 0.01079
3 107 137 2.02938 | 2.13672 | -0.10734 | 0.01152
4 106 136 2.02531 | 2.13354 | -0.10823 | 0.01171
5 100 139 2 2.14301 | -0.14301 | 0.02045
Sum 0.06545
SR 0.08090285
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| R | 0.228827815 |
Table 8: Calculation of Sr between analyst D and C

Sn D C log D log C D=D-C D?
1 110 130 2.04139 | 2.11394 | -0.07255 | 0.00526
2 111 129 2.04532 | 2.11059 | -0.06527 | 0.00426
3 107 132 2.02938 | 2.12057 | -0.09119 | 0.00832
4 106 129 2.02531 | 2.11059 | -0.08528 | 0.00727
5 100 125 2 2.09691 | -0.09691 | 0.00939
6 110 128 2.04139 | 2.10721 | -0.06582 | 0.00433
7 111 133 2.04532 | 2.12385 | -0.07853 | 0.00617
8 107 130 2.02938 | 2.11394 | -0.08456 | 0.00715
9 106 137 2.02531 | 2.13672 | -0.11141 | 0.01241
10 100 139 2 2.14301 | -0.14301 | 0.02045
Sum 0.08502
SR 0.065199437

‘ R 0.184411855 i

Table 9: Calculation of Mean Sr between analysts and Expanded Uncertainty

Drinking Water @ 35.0 C
Sr 2* SR
A/B 0.0844 0.1688
A/C 0.0674 0.1348
D/B 0.0809 0.1618
D/C 0.0651 0.1302
Mean |_’ 0.1489 = 0.15
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