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Management Perspective PP61 - PP72

Under the auspices of the Prairie Provinces Vater Board, a
quality assurance program was initiated for assessing and improving
the comparability of water quality data generated by the Federal
Water Quality Branch Saskatoon Laboratory (ECS) and the Alberta,
Saskatchevan and Manitoba provincial laboratories.

In the first phase of this program, interlab studies are
conducted bi-monthly on some 40 parameters involving about 200
analytical procedures.

Twelve studies were sent out in the period from September 1987
to August 1988. These studies dealt with analyses of trace metals,
major ions, nutrients, and physical parameters in natural and
spiked water samples. The reference water samples are typical of
the surface waters found in the various regions.

N

A number of key analyses were identified to be out of control
and promptly brought to the attention of laboratory managers to
help improve the quality of their data, and to help them to
re-evaluate their internal quality control procedures.

Dr. J. Lawreénce
Director A
Research & Applications Branch



ABSTRACT

This compiled report of twelve quality assurance studies
evaluates the chemical analysis of surface waters for labora-
tories in the Prairie Provinces Quality Assurance (PPQA) program.
This report, which covers the period from September 1987 to
August 1988 (QA studies PP 61 to PP 72), describes the following:
study design, treatment of data, performance indicators, and
comments on individual laboratory performance.

A single bimonthly study consists of 4 or 35 standard
reference samples of known values. Half of these samples are for

trace metal apalysis at two levels. The other half of the
samples are analysed for 25 major ion, nutrient and physical
parameters. Altogether, 200 analysis methodologies with their

analysis results are tabulated in the data summary. Since other
laboratories in other QA programs analyse the same samples, all
results are reported in the data summary so that statistical
analyses are more acurately made.

Each monthly report, in conclusion, summarizes laboratory
performance. Good performance (and compatibility) is indicated
by the lack of flagged results. More than several flagged
results indicates poorer performance. Results are flagged by two
criteria: those that exceed the 10% or 1 Standard Deviation Test,
and those that are statistical outliers according to the Grubbs’
outlier test.

Generally, analyses were performed well, nevertheless, a
number of key analyses were identified to be out of control and
promptly brought to the attention of laboratory managers. The
laboratories in the PPQC program have usually shown prompt
cotrection of problems when notified of them. v



PERSPECTIVE DE GESTION PP61 - PP72

Sur les auspices du Conseil des Eaux des Provinces de Prairie,
un programme d’'assurance de la qualité a été initié pour évaluer et
améliorer la comparabilité des résultats d’analyse des eaux de
surface fournis par le Division de Qualité des Eaux & Saskatoon et
le Laboratoire National de Qualité des Eaux, ainsi que les
laboratoires provincials de l’Alberta, Saskatchewan, et Manitoba.

Suivant les réglementations de projet de l’assurance de qualité
de 1'INRE, six études d’assuranceé de la qualité ont été menées entre
Septembre 1987 et AolGt 1988 (soit wune tous les deux mois). Ces
études ont été porté sur l’analyse des composés métalliques a 1l’état
de trace, des principaux ions, des substances nutratives et des

»

paramétres physiques a partir d’un éventail d’échantillons typiques.

Dans le rapport annuel, on présente et on évalue les données
que nous ont fournies treize laboratoires (pour la période précitée)
ayant eu a8 déterminer 40 paramétres en faisant appel & deux cen-
taines environs de méthodes analytiques différentes.

Régle générale, les laboratoires ont éffectué de bonnes
analyses. Cependant, on a constaté que les résultats de certaines
analyses clés s’écartaient trop des marges d’erreur perimises. Les
directeurs de laboratoires visés en ont été informés ce qui 1leur a
permis de se rendre compte qu’ils doivent réevaluer les méthodes de
contréle interne de la qualité et produire des données plus exactes.

Dr. J. Lawrence
Directeur
Direction de la Recherche et des Applications



RESUME

Ce rapport regroupant douze études sur 1le contréle de la
qualité (CQ) présente une évaluation de l’analyse chimique des eaux
de surface pour les laboratoires des Provinces de Prairie. Dans ce
rapport couvrant la période de Septembre 1987 & Aolit 1988 (études
CQ FP21 a FP32), on décrit les aspects suivant du contrdle de la
qualité: conception des études, traitment des données, indicateurs

d’exactitude et commentaires sur la performance individuelle des

laboratoires.

Une étude bimestrielle indivduelle porte sur quatre ou cing
échantillons de référence de valeurs ¢onnues. On utilise la moitié
de ces échantillons pour analyser la tenuer en métaux & 1l’état de
trace a8 deux niveaux. Les laboratoires utilisent l’autre moitié
des échantillons pour faire rapport sur 25 ions principaux,
nutriants et paramétres physiques. Environs 200 méthodologies
d’analyse et résultats individuels sont ensuite rassemblés dans un
résumé des données. Puisque les autres laboratoires des programmes
de contrdle de la qualité analysent 1les mémes échantillons, on
peut, grdce aux résultats présentés, faire les analyses
statistiques les plus précises possibles.

A la conclusion de chaque rapport bimestriel, on trouve un
résumé de la performance des laboratoires. L’absence de résultats
pointés indique une bonne performance (et la comparabilité des
données). $’il y a plusiers résultats pointés, c’est que la
performance a été plus faible. On pointe aux résultats en fonction
de deux critéres: s’ils divergent de plus de test de 10% ou le
deviation standard et, si, selon de Grubbs, ils sont des valeurs
statistiques rejetées.

En général, les résultats des analyses ont été satisfaisant;
on a cependant, constaté que les résultats d’un certain nombre
d’analyse clés étaient aberrants. On en a rapidement informé le
chefs de laboratoires, et avec 1l1l’exception d’un 1laboratoire les
laboratoires faisant partie du programme fédéral-provincial de
contréle de 1la qualité ont immédiatement apporté les corrections
nécessaires.
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI
in Burlington, Ontario, has been sending reference water samples
bi-monthly to chemical laboratories participating in the PPWB program.
This teport summarizes the most recent PPWB - interlaboratory quality
control studies: PP 61 and 62, for the months September and October,
1987. These two studies dealt with trace metals, major ions, nutrients

and physical parameters. The levels were at various levels.

Study Design

Five water samples were submitted to each laboratory for chemical
analyses. Three samples were submitted for trace metals analysis, while
the remaining two were submitted for major ions, nutrients and some
physical measurements. The following is a breakdown of the five
samples:

PP 61 - Sample 1
- Sample 2

125 ml, DA® for trace metals (3% HN03)
up to 1L, major ions etc., sgored at 4%

PP 62 - Sample 3
Sample 4

1L, SE* for trace metals (0.2% HNO;)
up to 1L, major ions, etc., stored at 4°c
1L, SE for trace metals (0.2% HNOS)

Sample 5

* for definitions see Appendix 1

Treatment of Data

Each laboratory was asked to perform only those analyses which were
routine to - their particular laboratory, using the general methodology
guidelines listed . above. Results for these analyses were recorded on
report sheets provided with the PP samples. Upon receipt of the

Reporting Sheets, - the results were tabulated for each parameter, first

‘for each method reported, and then for all methods combined. These

data, and the resulting statistics are presented in the Data Summary.
(attached) '



Preliminary data summaries, including problematic results, were
sent 3 or 18 November and 4 December. Each laboratory was given three
weeks to notify us of any errors in data transcription or compilation.

Performance Indicators

In previous reports the mean has always been used as comparator for
accuracy assessment. We now have "design values" for several reference
vaters (RMs) and certified referenc waters (CRMs). These design values
are used to test each reported result (whether few or many) for

.accuracy. Consequently, for stable parameters, the design values will

be used as comparator for the ten percent varning circles, and the mean
will be wused for unstable parameters (perhaps due to biological acti
vity). '

Percentage deviations from the comparator are used as an indicator
for the 1laboratory head to determine the extent of the descrepencies
between the laboratory result and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high %
deviations are often seen, and may be misleading if interpreted too
strictly.

A result which deviates more than 107 from the comparator is
circled in‘the data tables and its value noted in the comments which
follow. Results reported with an "L" (less than) or flagged with an "R"
(rejectable) are not used in the statistical calculations. Performance

- indicators are fully explained in Appendix II.

Comments on Laboratory Performance

Results aécompanied with a ’less than’ are difficult to appraise.
If a design value or mean is significantly lower than the detectidn
limit given by a particulaf laboratory, then that detection limit is too
high. Such a result is assigned ‘HDL’ and. is labelled in the Data
Summary. ' k ' |



If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the use of ’less than’ is clearly
inadequate and the result is flagged 1low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit

given.

General Comments: A high coefficient of variation (incomparabi-
lity) was observed for Aluminum at the 0.018 ppm level.

Individual laboratory deviations are listed below:

"Lab 1 - a low result for DIC: -28%; Mg: -21% & -14%
- results for Pb at low level: -70% (R)* & +50%
- a high result for $i0,: +15% '
- an HDL at low level for Al & Mn
Lab 3 - a high result for Fe by SE: +67% :
- a low result for DIC: -21%; and DOC: -12%
- high results for NO,+NO, +11%; and F: +17%
Lab 4 - a high result for B at low level (R)
- a low result for DIC: -11%
Lab 6 - low results for Sr: -57% (R); -65% (R); & -55% (R)
= a high result by SE for Al: +83% (R) & +44%; V: +87% (R)
Mo: +63% (R); Zn: +47% (R); Ni: +27%; Fe: +81% (R) & +22%
- high results for Mg: leZ; Ca: +15%; Hard: +11%
Ammonia: (R) & (R) and TP (R) & (R) at low level;
NO,+NO, : +65% & +11%; and TKN: (R) at low level & +100%
- an HDL for Fluoride and Pb at low level '
Lab 8 - a low result for by DA for Pb: -12%

a low result for by SE for Cu: -24%; and 2Zn: -30%
a low result for N03+N02: -50%; and F: -18%

an HDL for TKN and low level Mn, Fe, Zn, & Al

PPWB laboratories average number of deviations per samplé wvas 2.2.
* (R) rejectable by Grubbs’ statistical procedure (noncomparable data)



APPENDIX I

Definitions of Types of Metals Analysis

1. DA - Direct Aspiration

Without sample pretreatment, samples are aspirated by Atomic

Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP or 1ICP). Standards should contain the acid equivalent of the
sample. |
2. SE - Code for low level analysis

Analysis is carried out by one of the following methods:

1. Solvent extraction sample concentration foll&wed by AAS.

2. Digestion and concentration of aqueous phase followed by
ICAP.

3. Digestion of aqueous phase and ICAP analysis.

4, Graphite tube (flameless) AAS.
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APPENDIX II

Performance Indicators

1. Circled Results

Results are circled in the data tables when a minor deviation from
the comparator has ocurred. (The comparator is the design value of the
reference sample, or the mean in the case of a biologically active
sample.) Circled results are in general greater than or 1less than 10%
from the comparator. At very 1low levels of analytes or with parameters
that are difficult to analyse, a greater deviation than 10% is allowed.
Under these conditions, a result is circled when it is outside one
standard deviation of the comparator. These circled results, though
acceptable values, are a varning to laboratory managers that the parameter
analysis should be investigated.

2. Rejectable Results

Each laboratory result is statistically tested to see if it is
outlying. Outlying results were caused by non random causes such as a
faulty calibration or a transcriptign error. These outlying results, cal-
culated by the Grubbs’ procedure, and indicated in the data tables with
an 'R’, are noncomparable with the other data for the parameter.

3. A High Co-efficient of Va:iation (ﬁCY)

Occasionally data for a parameter yields a very high relative stan-
dard deviation (RSD). When this  HCV is not due to outlying values, it
indicates a high variability within the data set. The data in this set is
then noncomparable. In such a case, the RSD for the parameter is circled
in the data tables and the parameter S noncomparablllty is noted in the
comments.

4. High Detection Limits (HDL)

Each labératory determines its own detection limits according to its
own requirements. When major differences of detection limits occur, the
result is flagged with ’HDL’ in the data tables. An HDL indicates that
low level analysis may not be comparable with the analyses of other labo-
ratories. '

* reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI
in Buriington, Ontario, has been sending reference water samples
bi-monthly to .chemical laboratories participating in the PPWB program.
This report summarizes the most recent PPVB interlaboratory quality
control studies: PP 63 and 63, for the months November and December,
1987. These two studies dealt with trace metals, major ions, nutrients
and physical parameters. The levels were mostly at high levels with one

soft coloured water.

Study Design

Five water samples were submitted to each laboratory for chemical
analyses. Two samples were submitted for trace metals analysis, while

the remaining three were submitted for major ions, nutrients and some

physical measurements. The following is a breakdown of the five
samples:
PP 63 - Sample 1 - 125 ml, DA* for trace metals (3% HN03)

Sample 2 - up to 1L, major ions etc., stored at 4°¢

1L, SE* for trace metals (0.2% HNO3)
up to 1L, major ions, etc., stored at AL

PP 64 - Sample 3
Sample 4

Sample 5 - up to 1L, major ions, etc., stored at 4°c
* for definitions see Appendix 1

Treatment of Data

Each laboratory was asked to perform only those analyses which were
routine to their particular laboratory, using the general methodology
guidelines listed above. Results for these analyses were recorded on
report sheets provided with the PP samples. Upon receipt of the
Reporting Sheets, the results were tabulated for each parameter, first
for each method reported, and then for all methods combined. These
data, and the resulting statistics are presented in the Data Summary.
(attached) ‘



Preliminary data summaries, including problematic results, wvere
sent December 16, or January 8, or 22, and February 3. ‘Each laboratory
was giVen three weeks to notify us of any errors in data tramnscription,

compilation, or flags.

Performance Indicators

In previous reports the mean has always been used as comparator for

accuracy assessment. Ve now have "design values" for several reference

vaters (RMs) and certified referenc waters (CRMs). These design values
are used to test each reported result (whether fewv or many) for
accuracy. Consequently, for stable parameters, the design values will

be used as comparator for the ten percent warning circles, and the mean
will be used for unstable parameters (perhaps due to biological acti-

vity).

Percentage deviations from the comparator are used as an indicator
for the laboratory head to determine the extent of the discrepencies
between the laboratory result and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high %
deviations are often seen, and may be misleading if interpreted too

strictly.

A result which deviates more than 10%¥ from the compafator is
circled in the data tables and its value noted in the comments which
follow. Results reported with an "L" (less than) or flagged with an "R"
(rejectable) are ‘not used in the statistical calculations. Performance

indicators are fully explained in Appendix II.

Comments on Laboratory Performance

Results accompanied with a ’less than’ are difficult to appraise.
If a design value or mean is significantly lower than the detection
limit given by a particular laboratory, then that detection limit is too
high. Such a result is assigned 'HDL’ and is labelled in the Data

Summary.



If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the wuse of ’less than’ is clearly
inadequate and the result is flagged 1low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit

given.

General Comments: A high coefficient of variation (incomparabi-

- 1ity) was observed for DOC at 1.4 ppm, and at -10.6 ppm, for Colour at

130 units and for Iron at low level.
Individual laboratory deviations are listed below:

a lovw result for Cl: -12%; Mg: -24% (R)*; & Ca at DL

Lab 1 -
- results for Zn at high level: +14%
- high results for Si02: +20%, & +11%
- an HDL for SiOz, Mg, & 504
Lab 3 - rejectable results for Turbidity at low level: 3 x (R)
- a low rejectable for Ammonia: -95% (R)
- high results for 804: +144% (R); & Al: +12%
Lab 4 - no anomalies
Lab 6 - low results for Sr: -26%, & -16%;

a result at low level for Al: +26%; & Co: -13%

results for Ba: -90%, & +110% (R)

high results for Mg: +42%; & K at low level (2 x)
Ammonia: 3 x (R), TP 3 x (R) at low level; & TRN: 2 x (R)
a lov result for F: -=12%; and SiOZ: -15%

an HDL for Fluoride and Pb at low level

* (R) rejectable by Grubbs’ statistical procedure (noncomparable data)



Lab 8 - a result at high level for Cr: +30% (R); Co: -16%;
: Cd: -18%; & Pb: -13%
- a result at low level for Cr: +41% (R); Cu: +18%;
Zn: +11%; & Cd: -122
- a result for TKN: +60% (R); SiOZ: -13%; Amm.: +27%;
Turb.: high at low level; & 504: +120% (R) at low level
- an HDL for low level Al
PPWB laboratories average number of deviations per sample was 2.5.



APPENDIX I

Definitions of Types,oﬁAMgtals Analysis

1. DA - Direct Aspiration

Without sample pretreatment, samples are aspirated by -Atomic

Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP or ICP).- Standards should contain the acid equivalent of the
sample.
2. SE - Code for low level‘analysis

Analysis is carried out by one of the following methods:

1. Solyent extraction sample concentration followed by AAS.

2. Digestion and concentration of aqueous phase followed by
ICAP.

3. Digestion of aqueous phase and ICAP analysis;

4. Graphite tube (flameless) AAS.



APPENDIX II

Performance Indicators

1. Circled Results

Results are .circled in the data tables when a minor deviation from
the comparator has ocurred. (The comparator is the design value of the
reference sample, or the mean in the case of a biologically active
sample.) Circled results are in general greater than or less than 10%
from the comparator. At very lov levels of analytes or with parameters
that are difficult to analyse, a greater deviation than 10% is allowed.
Under these conditions, a result 4is circled when it is outside one
standard deviation of the comparator. These circled results, though
acceptable values, are a warning to laboratory managers that the parameter
analysis should be investigated.

2. Rejectable Results

Each laboratory result is statistically tested to see if it is
outlying. Outlying results were caused by non random causes such as a
faulty calibration or a transcriptign error. These outlying results, cal-
culated by the Grubbs’ procedure, and indicated in the data tables with
an 'R’, are noncomparable with the other data for the parameter.

3. A Higg,Co—efficign;,qf_Va;iation (HCV)

Occasionally data for a parameter yields a very high relative stan-
dard deviation (RSD). Vhen this HCV is not due to outlying values, it
indicates a high variability within the data set. The data in this set is
then noncomparable. In such a case, the RSD for the parameter is circled
in the data tables and the parameter’s noncomparability is noted in the
comments.

4. High Detection Limits (HDL)

Each laboratory determines its own detection limits according to its
ovih requirements. When major differences of detection 1limits occur, the
result is flagged with ’HDL’ in the data tables. An HDL indicates that
low level analysis may not be comparable with the analyses of other labo-
ratories. :

reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI

in Burlington, Ontario, has been sending - reference water samples

-bi-monthly to chemical laboratories participating in the PPWB program.

This report summarizes the most recent PPWB interlaboratory quality
control studies: PP 65 and 66, for the months January and February,
1988. These two studies dealt with trace metals, major ions, nutrients

and physical parameters. The levels were from low to medium levels.

.Study Design

Five water samples were submitted to each laboratory for chemical
analyses. Three samples were submitted for trace metals analysis, while

the remaining two were submitted for major ions, nutrients and some

physical measurements.- The following is a breakdown of the five
samples:
PP 65 - Sample 1 - 125 ml, DA* for trace metals (3% HNO,)
Sample 2 - up to 1L, major ions etc., stored at 4°C

PP 66 -~ Sample 3
Sample 4

1L, SE* for trace metals (0.2% HN03)
up to 1L, major ions, etc., stored at 4°¢
1L, SE for trace metals (0.2% HNO

Sample 5

3)
for definitions see Appendix 1

Treatment of Data

Each laboratory was asked to perform only those analyses which were
routine to their particular laboratory, using the general methodology

guidelines listed above. Results for these analyses were recorded on

report sheets provided with the PP samples. Upon receipt of the

Reporting Sheets, the results were tabulated for each parameter, first
for each method reported, and then for all methods combined. These

data, and the resulting statistics are presented in the Data Summary.
(attached)




Preliminary data summaries, including problematic results, were
sent March 1 or 21 and April 11. Each laboratory was given three weeks
to notify us of any errors in data transeription, compilation, or fiags.

Performance Indicators

In previous reports the mean has always been used as comparator for
accuracy assessment. We now have "design values" for several reference
wvaters (RMs) and certified referenc waters (CRMs). These design values
are used to test each reported result (whether few or many) for
accuracy. Consequently, for stable parameters, the design values will
be used as comparator for the ten percent warning circles, and the mean
will be used for wunstable parameters (perhaps due to biological acti-
vity).

Percentage deviations from the comparator are used as an indicator
for the laboratory head to determine the extent of the discrepencies
betwveen the laboratory result and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high %
deviations are often seen, and may be misleading if interpreted too
strictly.

A result vhich deviates more than 10% from the comparator is
circled in the data tables and its value noted in the comments which
follow. Results reported with an "L" (less than) or flagged with an "R"
(rejectable) are not used in the statistical calculations. Performance
indicators are fully explained in Appendix II.

Comments on Laboratory Performance

Results accompanied with a ’less than’ are difficult to appraise.
If a design value or mean is significantly lower than the detection
limit given by a particular laboratory, then that detection limit is too
high. Such a result is assigned 'HDL’ and is 1labelled in the Data
Summary.



‘

If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the use of ‘less than’ is clearly.
inadequate and the result is flagged low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit
given.

Attached are two tables listing flagged data by‘laboratory‘
(Table 1), and listing parameters for which there was a high coefficient
of variation (Table 2). The latter was generated with a new set of
criteria to provide a more accurate and more consistent description of
difficult to analyse parameters or levels. Your comments will be
appreciated.

PPWB laboratories average number of deviations per sample was 2.8
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TABLE 1

LAB 1

LAB 3

LAB 4

LAB 8

\Rl
\LI

FLAGS

HDL

FLAGS
HDL

FLAGS
HDL

FLAGS

HDL

FLAGS

HDL

.o

PRAIRIE PROVINCES LABORATORIES FLAG TABLE

TKN
CHLORIDE
MGNESIUM
SODIUM

PH
PH
NONE

T N DIS
NONE

COBALT
BARIUM
MGNESIUM
CHROMIUM
COPPER
BARIUM
MGNESIUM
CHROMIUM
STRNTIUM
AMMONTIA
VANADIUM

NICKEL
IRON
IRON
TKN
MANGNESE
ALUMINUM

32%
-21%
-142

-13%
-13%

30%

-13%
15%

24% R

57%
43%
118% R
12%

-31%
-66% R

-182
2900% R
38%

HARDNESS
CALCIUM

SULFATE

SULFATE

NICKEL
TKN
TOT P
IRON
ZINC
LEAD
TOT P
IRON
MOLYBNUM
SULFATE
AMMONIA

LEAD
COPPER
COPPER
TOT N
COBALT
MANGNESE

14%
26%

-14%

-18%
1642
400%
333%

-38%

60%

150% -

-45%
-23%

-16%
43%
-23%

w X

SODIUM
MANGNESE

FLUORIDE

STRNTIUM
SODIUM
ALUMINUM
NICKEL
STRNTIUM
TKN
ALUMINUM
NICKEL

CHLORIDE
VANADIUM

SILICA
SILICA
ZINC
ALUMINUM
ZINC

a Grubbs’ rejectable flag, ie. non-comparable data

a ‘less than’ result lower than the comparator

-22% L

17%

-64% R
_22%
-76% R
-50%
-70% R
21%
-50% R
-69% R

~-16%
-16%
25%



TABLE 2

HIGH COEFFICIENT OF VARIATION

AN HCV FOR
AN HCV FOR
AN HCV FOR
AN HCV FOR

AN HCV FOR

AN HCV FOR

BORON -
NICKEL
COLOUR
BORON

T N DIS

IRON

AT

" AT

AT

AT

AT

.033 PPM
.006 PPM
39.100 PPM
.063 PPM
.309 PPM

.029 PPM



APPENDIX I

Definitiong of Types of Metals Analyéis

1. DA - Direct Aspiration

Without sample pretreatment, samples are aspirated by Atomic
Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP or 1ICP). Standards should contain the acid equivalent of the

sample.

2. SE - Code fo;jlny level analysis

Analysis is carried out by one of the following methods:

1. Solvent extraction sample concentration followed by AAS.

2. Digestion and concentration of aqueous phase followed by
ICAP.

3. Digestion of aqueous phase and ICAf analysis.

4. Graphite tube (flameless) AAS.



APPENDIX II

Performance Indicators

1. Circled Results

Results are circled in the data tables when a minor deviation from
the comparator has ocurred. (The comparator is the design value of the
reference sample, or the mean in the case of a biologically active
sample.) Circled results are in general greater than or less than 10%
from the comparator. At very lov levels of analytes or with parameters
that are difficult to analyse, a greater deviation than 10% is allowed.
Under these conditions, a result is circled when it is outside one
standard deviation of the comparator. These circled results, though

acceptable values, are a warning to laboratory managers that the parameter
analysis should be investigated.

2. joectable Results

Each laboratory result is statistically tested to see if it is
outlying. Outlying results were caused by non random causes such as a
faulty calibration or a transcriptign error. These outlying results, cal-
culated by the Grubbs’ procedure, and indicated in the data tables with
an ‘R’, are noncomparable with the other data for the parameter.

3. A High Co-efficient of Variation (HCV)

Occasionally data for a parameter yields a very high relative stan-
dard deviation (RSD). VWhen this HCV is not due to outlying values, it
indicates a high variability within the data set. The data in this set is
then noncomparable. In such a case, the RSD for the parameter is circled

in the data tables and the parameter’s noncomparability is noted in the
comments.

4. High Detection Limits (HDL)

Each laboratory determines its own detection limits according to its
own requirements. When major differences of detection limits occur, the
result is flagged with ‘HDL’ in the data tables. An HDL indicates that

low level analysis may not be comparable with the analyses of other labo-
ratories.

* reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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DATA SUMMARY ~ FED-PROV & PPWB QA PROGRAMS
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FED-PROV & PPWB QA PROGRAMS

DATA SUMMARY -
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- DATA SUMMARY ~ FED-PROV & PPWB QA PROGRAMS

PP 66
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI
in Burlington, Ontario, has been sending reference water samples
bi-monthly to chemical laboratories participating in thé PPWB program.
This report summarizes the most recent PPWB interlaboratory quality
control studies: PP 67 and 68, for the months March and April, 1988.
These two stﬁdies dealt with trace metals, major ions, nutrients and
physical parameters. The levels were from medium to high levels.

Study Design

Five water samples wére submitted to each laboratory for chemical
analyses. Two samples were submitted for trace metals analysis, while

the remaining three were submitted for major ions, nutrients and some

physical measurements. The following is a breakdown of the four
Samples:
PP 67 - Sample 1 - 125 ml, DA" for trace metals (3% HNO,)
Sample 2 - up to 1L, major ions etc., stored at 4%
PP 68 - Sample 3 - 1L, SE* for trace metals (0.2% HN03)
Sample 4 - up to 1L, major ions, etc., stored at 4°C
Sample 5 - up to 1L, major ions, etec., stored at 4°c

* for definitions see Appendix 1

t;eatment of Data

Each laboratory was asked to perform only those analyses which were
routine to their particular laboratory, using the general methodology
guidelines listed above. Results for these analyses were recorded on
report sheets provided with the QA samples. Upon receipt of the
Reporting Sheets, the results were tabulated for each parameter, first
for each method reported, and then for all methods combined. These

data, and the resulting statistics are presented in the Data Summary.
(attached)



Preliminary data summaries, including problematic results, were
sent May 13 and July 6. Each laboratory was given three weeks to notify

us of any errors in data transcription, compilation, or flags.

Performance Indicators

In the PPWB QA program, two types of reference samples are used for
the accuracy assessment. Reference waters (RMs) and certified reference
vaters (CRMs) have Design Values for the stable parameters. Also,
regional samples are used occassionally as reference samples. The means
for the regional samples, and the Design Values (together called the

comparator) are used to test each reported result for accuracy.

Percentage deviations from the comparator are used as an indicator
for the laboratory head to determine the extent of the discrepencies
between the laboratory result and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high ¥

deviations are often seen, and may be misleading if interpreted too
strictly.

A result vhich deviates more than 10% from the comparator is marked
with an asterik in the data tables and its value tabulated in the flags
table (Table 1). Results reported with an "L" (less than) or flagged
with an "R" (rejectable) are not used in the statistical calculations.
Performance indicators are fully explained in Appendix II.

Comments on Laboratory Performangg

Results accompanied with a ’less than’ are difficult fo appraise.
If a design value or mean is significantly lower than the detection
limit given by a particular laboratory, then that detection limit\is too
high. Such a result is assigned an 'HDL’ and is tabulated for each
laboratory .in Table 1.



If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the use of ’less than’ is clearly
inadequate and the result is flagged 1low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit

given.

Attached are two tables 1listing flagged data by laboratory
(Table 1), and listing parameters for which there was a high coefficient
of variation (Table 2). The 1latter was generated with a newv set of
criteria to provide a more accurate and more consistent description of
difficult to analyse parameters or levels. Your comments will be

appreciated.

PPWB laboratories average number of deviations per sample was 2.8
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TABLE 1

LAB

NOTE:

ALSO
PROD

ﬁCED

PRAIRIE PROV LABS FLAG TABLE - STUDIES PPH67

PP 68

FLAGS : MOLYBNUM -11% DoOC -61% AMMONTIA
SILICA 16% DOC 406%Z R ALKLINTY
HARDNESS 21% SODIUM -18% R PTASSIUM

HDL NONE

FLAGS : T N DIS 192 R T N DIS 29% R

HDL : NONE

FLAGS : BORON 233% BORON 200%

HDL : NONE

FLAGS : STRNTIUM -50% R TKN 44% ALKLINTY
TOT P 233% R COPPER -23% STRNTIUM
TOT P 567% R TKN 51% AMMONTA
ALKLINTY 14% TOT P 400% R

HDL : NONE

FLAGS : ALUMINUM 17% COPPER 17% TURBIDTY
SILICA -13% CHROMIUM -23% IRON
COPPER 131% R ZINC 36% TKN
DOC 137% DIC -46% SILICA
SULFATE 19% R CHLORIDE -11%

HDL : TRN , TOT N ALUMINUM
MANGNESE TOT N

POOR PERFORMANCE.
ARE JUDGED TO HAVE VERY GOOD PERFORMANCﬁ

"R" FLAG INDICATES A NON COMPARABLE RESULT
WITH NON RANDOM FACTORS
RESULT LOWER THAN THE COMPARATOR

ON THE 0

AN "L FLAG INDIC

A_VERY HIGH FREQUENCY OF FLAGGED RESULTS £0R A HIGH %
OF ABS WITH FE

THAT IS
ATES A 7

IS INDICATIVE
IF ANY FLAGS

LEss THAN’

eI
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TABLE 2
HIGH COEFFICIENT OF VARIATION
AN HCV FOR D O C AT
AN HCV FOR BORON AT
AN HCV FOR TOT P AT
AN HCV FOR IRON AT
AN HCV FOR BORON AT
AN HCV FOR PTASSIUM AT 16.042
AN HCV FOR D 0 C AT
AN HCV FOR BORON AT



APPENDIX I

Definitions of Types of Metals Analysis

1. DA - Direct’Asp;;axion

Without sample pretreatment, samples are aspirated by Atomic
Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP or ICP). Standards should contain the acid equivalent of the

sample.

2. SE - Code for‘lovulével analysis

Analysis is carried out by one of the following methods:

1. Solvent extraction sample cohcentration~folloved by AAS.

2. Digestion and concentration of aqueous phase followed by
ICAP.

3. Digestion of aqueous phase and ICAP analysis.

4. Graphite tube (flameless) AAS.



APPENDIX 11

Performance Indicators

1. Circled_gesults

Results are circled in the data tables when a minor deviation from
the comparator has ocurred. (The ‘comparator is the design value of the
reference sample, or the mean in the case of a biologically active
sample.) Circled results are in general greater than or less than 10%
from the comparator. At very low levels of analytes or with parameters
that are difficult to analyse, a greater deviation than 10 1is allowed.
Under these conditions, a result is circled when it is outside one
standard deviation of the comparator. These circled results, though

acceptable values, are a warning to laboratory managers that the parameter
analysis should be investigated.

2. Rejectable Results

Each laboratory result is statistically tested to see if it is
outlying. Outlying results were caused by non random causes such as a
faulty calibration or a transcriptign error. These outlying results, cal-
culated by the Grubbs’ procedure, and indicated in the data tables with
an 'R’, are noncomparable with the other data for the parameter.

3. Aggiggfco—efficient;of Variation (HCV)

Occasionally data for a parameter yields a very high relative stan-
dard deviation (RSD). When this HCV is not due to outlying values, it
indicates a high variability within the data set. The data in this set is
then noncomparable. In such a case, the RSD for the parameter is circled
in the data tables and the parameter’s noncomparability is noted in the

4. High Detection Limits (HDL)

Each laboratory determines its own detection limits according to its
own requirements. When major differences of detection limits occur, the
result is flagged wvith ’HDL’ in the data tables. An HDL indicates that

low level analysis may not be comparable with the analyses of other labo-
ratories.

* reference : Fraﬁk E. Grubbs, Technométrics;,1969, p. 1.
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI
in Burlington, Onfario, has been sending reference water samples
bi-monthly to chemical laboratories participating in the PPWB program.
This report summarizes the most recent PPVB interlaboratory quality
control studies: = PP 69 and 70, for the months of May and June, 1988.
These two studies dealt with trace metals, major ions, nutrients and
physical parameters. The levels involved softer coloured vaters for the

major iomn samples.

.Studx Design

Four vater samples were submitted to each laboratory for chemical
analyses. Two samples were submitted for trace metals analysis, while

the remaining two were submitted for major ions§, nutrients and some

physical measurements. The following is a breakdown of the four
samples:
PP 69 = Sample 1 - 125 ml, DA* for trace metals (3% HN03)<
Sample 2 - up to 1L, major ions etc., stored at 4°C
PP 70 - Sample 3 - 11, SE* for trace metals (0.2% HN03)
Sample 4 - up to 1L, major ions, etc., stored at 4°c

for definitions see Appendix 1

Treatment of Data

Each laboratory was asked to perform only those analyses which were
routine to their particular laboratory, using the general meihodology
guidelines listed above. Results for these analyses were recorded on
report sheets provided with the QA samples. Upon receipt of ‘the
Reporting Sheets, the results were tabulated for each parameter, first
for each method reported, and then for all methods combined; These
data, and the resulting statistics are presented in the Data Summary.
(attached) '



Preliminary data summaries, including vproblematic results, vere
sent June 29 or July 8, and August 18. Each laboratory was giveh three
veeks to notify us of any errors in data transcription, compilation, or
flags. ' '

Performance Indicators

In the PPWB QA program, two types of reference samples are used for
the accuracy assessment. Reference waters (RMs) and certified reference
vaters (CRMs) have Design Values for ‘the stable parameters. Also,
regional samples are used occassionally as reference samples. The means
for the regional samplés, and the Design Values (together called the

comparator) are used to test each reported result for accuracy.

Percentage deviations from the comparator are used as an indicator .
for the laboratory head to determine the.extent of the discrepencies
betveen the laboratory result and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high %

deviations are often seen, and may be misleading if interpreted too
strictly.

A result which deviates more than 10% from the comparator is marked
wvith an asterik in the data tables and its value tabulated in the flags
table (Table 1). Results reported with an "L" (less than) or flagged
with an "R" (rejectable) are not used in the statistical calculations.

Performance indicators are fully explained in Appendix II.

Comments on Labpratory Performance

Results accompanied with a ’less than’ are difficult to appraise.
If a design value or mean is significantly lower than the detection
limit given by a»particular laboratory, then that detection limit is too

high. Such a result is assigned an ’HDL’ and is tabulated for each
laboratory in Table 1.




If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the use of ’less than’ is clearly
inadequate and the result is flagged low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit
given. '

Attached are two tables 1listing flagged data by laboratory
(Table 1), and listing parameters for which there was a high standard
deviation (Table 2). The latter (formerly called a high coefficient of
variation) wvas generated with a new set of criteria to provide a more
accurate and more consistent description of difficult to analyse

parameters or levels. Your comments will be appreciated.

PPVB laboratories average number of deviations per sample was 3.6



TABLE 1:

LAB

LAB

LAB

PRAIRIE PROV LABS FLAG TABLE - STUDIES PP

HDL

FLAGS

HDL

FLAGS

HDL

FLAGS :

TURBIDTY
CHLORIDE
MGNESIUM
PTASSIUM
NONE

PH
NONE

TOT P
NONE

:  CHROMIUM

STRNTIUM
TKN

TOT P

ALUMINUM
NICKEL

MOLYBNUM
ALKLINTY
AMMONIA
SULFATE
AMMONIA

CHROMIUM

SILICA
CALCIUM
SILICA

NICKEL
CADMIUM
HARDNESS
CHLORIDE
CHROMIUM
COPPER
LEAD

T0T P
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ALUMINUM
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CONDUCT
SODIUM
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MGNESIUM
VANADIUM

BORON
CHROMIUM
NITRATE

MANGNESE
ZINC
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-NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS iNDICATIVE

OF POOR PERFORMANCE.
ARE JUDGED TO HAVE VERY GOOD PERFORMANCE.

AN "R" FLAG INDICATES A NON COMPARABLE RESULT, THAT IS
CED VITH NON RANDOM FACTORS.
RESULT LOVWER THAN THE COMPARATOR.

ALSO
PROD

ON THE OTHER HAND

AN

"L" FLAG INDIG

LABS VITH FE

IF ANY FLAGS
ONE
ATES A" 'LESS THAN’



TABLE 2: HIGH STANDARD DEVIATION
PARAMETER LEVEL
COLOUR AT 131.444 PPM
'BORON AT .203 PPM
ALKALINITY AT 3.220 PPM
POTASSIUM AT .287 PPM
BORON AT - .065 PPM



APPENDIX 1

Definitions of Types of Metals Analysis

1. DA - Direct ASpiration

Without sample pretreatment, samples are aspirated by Atomic

Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP 6r ICP). ~ Standards should contain the acid equivalent of the
sample. .
2. SE_- Code for low level analysis

Analysis is carried out by one of the folloving methods:

1. Solvent extraction sample concentration followed by AAS.

2. ‘Digestion and concentration of aqueous phase followed by
ICAP.

3. Digestion of aqueous phase and‘iCAP analysis.

4. Graphite tube (flameless) AAS.



APPENDIX II

Performance Indicators

1. CigcledAResults

Results are circled in the data tables vhen a minor deviation from
the comparator has ocurred. (The comparator is the design value of the
reference 'sample, or the mean in the case of a biologically active
sample.) Circled results are in general greater than or less than 10%
from the comparator. At very low levels of analytes or with parameters
that are difficult to analyse, a greater deviation than 10% is allowed.
Under these conditions, a result is circled when it is outside one
standard deviation of the comparator. These circled results, though

acceptable values, are a warning to laboratory managers that the parameter
analysis should be investigated. '

2. Rejectable Results.

Each laboratory result is statistically tested to see if it is
outlying. Outlying results were caused by non random causes such as a
faulty calibration or a transcriptign error. These outlying results, cal-
culated by the Grubbs’ procedure, and indicated ifi the data tables with
an 'R’, are noncomparable with the other data for the parameter.

3. A g;;b»ggfeﬁficient of Variation (HCV)

Occasionally data for a parameter yields a very high relative stan-
dard deviation (RSD). When this HCV is not due to outlying values, it
indicates a high variability within the data set. The data in this set is
then noncomparable. In such a case, the RSD for the parameter is circled

in the data tables and the parameter’s noncomparability is noted ia the
comments.

4. High Detectiqn Limits (HDL)

Each laboratory determines its own detection limits according to its
owvn requirements. When major differences of detection 1limits occur, the
result is flagged with 'HDL’ in the data tables. An HDL indicates that

low level analysis may not be comparable with the analyses of other labo-
ratories.

reference : Prank E. Grubbs, Technometrics, 1969, p. 1
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Introduction

As part of an on-going study, the Quality Assurance Section, NWRI
in Burlington, Ontario, has been sending reference water samples
bi-monthly to chemical laboratories . participating in the PPVB program.
This report summarizes the most recent PPVB interlaboratory quality
control studies: PP 71 and 72, for the months July and August 1988.
These two sStudies dealt with trace metals, major ions, nutrients and

physical parameters. The levels were mainly medium levels.

Study Design

Four water samples were submitted to each laboratory for chemical
analyses. Tvwo samples were submitted for trace metals analysis, while
the remaining two were submitted for major ions, nutrients and some
physical measurements. ‘The following is a breakdown of the four

samples:

125 ml, DA* for trace metals (3% HNO3)
up to 1L, major ions etc., stored at 4°c

PP 71 - Sample 1
Sample 2

PP 72 - Sample 3
Sample 4 =

1L, SE” for trace metals (0.2% HNO,)
up to 1L, major ions, etc., stored at 4°c

* for definitions see Appendix 1

Treatment of Data

Each laboratory was asked to perform only those analyses which were
routine to their particular 1laboratory, using the general mefhodology
guidelines listed above. Results for these analyses were recorded on
report sheets provided with the QA samples. Upon receipt of the
Reporting Sheéts, the resulfs were tabulated for each parameter, first
for each method reported, and then for all methods combined. These
data, and the resulting statistics are presented in the Data Summary.

(attached)




Preliminary data summaries, including problematic results, were
sent August 19 or September 7, and November 4. Each laboratory was
given three weeks to notify us of any errors in data transcription,
compilation, or flags.

Performance Indicators

In the PPWB QA program, two types.of reference samples are used for
the accuracy assessment. Reference waters (RMs) and certified reference
waters (CRMs) have Design Values for the stable parameters. Also,
regional samples are used occassionally as reference samples. The means
for the regional samples, and the Design Values (together called the

comparator) are used to test each reported result for accuracy.

Percentage deviations from the comparator are used as an indicator
for the laboratory head to determine the extent of the diécrepencies
between the laboratory résult and comparator as it applies to his
procedures. However, please keep in mind that at low levels, high ¥
deviations are often seen, and may be miéleading if interpreted too
strietly.

A result vhich deviates more than 10% from the comparator is marked
with an asterik in the data tables and its value tabulated_in the flags

 table (Table 1). Results reported with an "L" (less than) or flagged

with an "R" (rejectable) are not used in the statistical calculations.

Performance indicators are fully explained in Appendix II.

Comments on Laboratory Performance

Results accompanied with a ‘less than’ are difficult to appraise.
If a design value or mean bis significantly lower than the detection
limit given by a particular laboratory, then that detection limit is too
high. Such a result is assigned an ’'HDL’ and is tabulated for each
laboratory in Table 1,



. If, on the other hand, the detection limit reported is far lower
than the mean or design value, then the wuse of ‘less than’ is clearly
inadequate and the result is flagged 1low. The magnitude of the
deviation from the mean in such a case is taken from the detection limit

given.

Attached are two tables 1listing flagged data by laboratory
(Table 1), and listing parameters for which there was a high standard

deviation (Table 2). The latter (formerly called a high coefficient of

variation) was generated with a new set of criteria to provide a more
accurate and more consistent description of difficult to analyse

parameters or levels. Your comments will be appreciated.

PPVB laboratories average number of deviations per sample was 2.5

- N - EE I N S N O EE E B e
, |
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TABLEVI: PRAIRIE PROV LABORATORIES FLAGGED DATA - STUDIES PP 71-72

_LAB 1 FLAGS : AMMONIA 63% IRON ~-31% LEAD 50%
. TOT P 174%
HDL : NONE
LAB 3 FLAGS : NITRATE -81% L T N DIS -89% L
HDL : NONE
LAB 4 FLAGS : NONE
HDL : NONE
LAB 6 FLAGS ¢ MANGNESE -22% DOC ~42% TRN ) 143% R
AMMONIA 1504 R TOT P 217% R PTASSIUM 13%Z R
MANGNESE  -42% NICKEL 692 R MOLYBNUM  -38%
LEAD . =30%Z L PH 19% R MGNESIUM 23% R
_ PTASSIUM 13%
HDL : LEAD AMMONIA ALKLINTY
LAB 8 FLAGS : COBALT -13% NICKEL -13% CONDUCT -13%
TKN 14372 R AMMONIA -63% TOT N 23%
SILICA -12% PTASSIUM -12% CHROMIUM 23%
COPPER 47 ZINC 25%  LEAD 30%
CONDUCT -15%
HDL : ALUMINUM MANGNESE TKN
TOT N SILICA

NOTE:

A_VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH ¥) IS INDICATIVE
OF POOR PERFORMANCE. ON THE OTHER HAND, LABS VWITH FEW IF ANY FLAGS
ARE JUDGED TO HAVE VERY GOOD PERFORMANCE.

ALSO, AN "R" FLAG INDICATES A NON COMPARABLE RESULT, THAT IS, ONE
PRODUCED WITH NON RANDOM FACTORS. AN "L" FLAG INDICATES A 'LESS THAN'
RESULT LOWER THAN THE COMPARATOR.



DOC
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APPENDIX I

Definitions of Types of Metals AnalySis

1. DA - Direct Aspiration

Vithout sample pretreatment, samples are aspirated by Atomic
Absorption Spectrophotometry (AAS) ar Inuctively Coupled (Argon) Plasma

(ICAP or 1ICP). Standards should contain the acid equivalent of the

sample.

2. SE - Code for low level analysis

Analy