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Management Perspective

Interlaboratory QA studies FP45 - FP56

Under terms of the Federal-Provincial Agreements on
Water Quality, a quality assurance program was initiated
to assess comparability of surface water analysis data
generated by the Provincial-and Federal laboratories.

Within the framework of the NWRI Quality Assurance
Project, six bimonthly quality assurance studies were
distributed between September 1989 and August 1990. These
studies dealt with the analysis of trace metals, major
ions, nutrients and physical parameters in a variety of
typical sample types. .

_ In this annual report, data for fourteen laboratories
(for the above mentioned period) are presented and
evaluated for some 40 parameters involving some 200
analytical procedures.

Generally, analyses by both public and private
laboratories were performed well, nevertheless, a number
of Key analyses were identified to be out of control and
promptly brought to the attention of the 1laboratory
managers. Prompt feedback helped laboratory managers to
improve the quality of their data, and to alert them to
re-evaluate their internal quality control. However, two
laboratories continued to have an excessive number of
flagged results and generally failed to make improvements
in their weak areas.

Dr. J. Lawrence
Director
Research & Applications Branch



PERSPECTIVE DE GESTION

Etudes AQ Interlaboratoire FP45 - 56

Aux termes de 1'Accord Canada-Provincial sur 1la
qualité des eaux, on a mis sur pied un programme
d'assurance de la qualité pour évaluer la comparabilité
des résultats d'analyse des eaux de surface émenant des
laboratoires provincials par rapport A& ceux des
laboratoires du gouvernement fédéral.

Suivant les réglementations de projet de 1'assurance
de qualité de 1'INRE, six études d'assurance de la qualité
ont été menées entre Septembre 1989 et AoQit 1990 (soit une
tous les deux mois). Ces études ont été porté sur
1'analyse des composés métalliques & 1'état de trace, des
principaux ions, des substances nutratives et des
paramétres physiques 4 partir d'un éventail d'échantillons
typiques.

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

Régle générale, les laboratoires ont é&ffectué de
bonnes analyses. Cependant, on a constaté que les
résultats de certaines analyses clés s'écartaient trop des
marges d'erreur permises. Les directeurs de laboratoires
visés en ont été informés ce qui leur a permis de se
rendre compte qu'ils doivent réevaluer les méthodes de
contrbdle interne de la qualité et produire des données
plus exactes. Cependent, deux laboratoires ont continué
d'avoir un nombre excessif de résultats erronés (indiqés
*) et n'ont jamais montrés d'amélioration de leurs points
faibles.

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




ABSTRACT

This compiled report of twelve quality assurance
studies evaluates the chemical analysis of surface waters
for 1laboratories in the Federal Provincial Quality
Assurance (FPQA) program. This report covers the period
from September 1989 to August 1990 (studies FP45 to FP56).
Each pair of studies describes the following: study
design, treatment of data, performance indicators, and
comments on individual laboratory performance.

A single bimonthly study consists of 4 standard
reference samples of known values. Half of these samples
are for trace metal analysis at two concentrations. The
other half of the samples are analyzed for 25 major ion,
nutrient and physical parameters. Altogether, over 200
analysis methodologies with their analysis results are
tabulated in the data summary. Since other laboratories
in other QA programs analyze the same samples, all results
are reported in the data summary so that statistical
analyses are more accurately made.

Each monthly report, in c¢onclusion, summarizes
laboratory performance. Good performance (and
comparability) is indicated by the 1lack 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. Two laboratories in the FPQA program
continued to have an accessive number of flagged results
and generally failed to make improvements.



RESUME

Ce rapport annuel regroupant douze études sur 1le
contrbdle de la qualité (CQ) présente une évaluation de
1'analyse chimique des eaux de surface pour les
laboratoires aux termes de 1'Accord Canada-Provincial sur
la qualité des eaux. Dans ce rapport couvrant la période
de Septembre 1989 & Aofit 1990 (études CQ FP45 A FP56), on.
décrit les aspects suivant du contréle se 1la qualité:
conception des études, traitment des données, indicateurs
d'exactitude et commentaires sur la performance
individuelle des laboratoires.

Une étude bimestrielle individuelle a porté sur
quatre échantillons de référence de valeurs connues. On
utilise la moitié de ces échantillons pour analyser 1la
teneur en métaux a 1'état de trace 3 deux niveaux. Les
laboratoires utilisent l1'autre moitié des échantillons
pour faire rapport sur 25 principaux ions, des substances
nutratives et des paramétres physiques a partir d‘un
éventail d'échantillons typiques. Environs 200
méthodologies d'analyse et résultats individuelles sont
ensuite rassemblés dans un résumé des données. Puisque
les autres laboratoires des programmes de contrfle de la
qualité analysent les mémes échantillons, on peut, gréce
aux résultats présentés, faire les analyses statistiques
pPlus précises possibles.

A la conclusion de chaque rapport bimestriel, on
trouve un résumé de la performance des 1laboratoires.
L'absence de résultats indiqués indique une. bonne
performance (et la comparabilité des données). S'il y a
pPlusieurs résultats indiqués, c¢'est que la performance a
été plus faibles. On indique aux résultats en fonction de
deux critéres: s'ils divergent de plus de test de 10% ou
le deviation standard et, selon de Grubbs, ils sont des
valeurs statistiques rejetées.

En général, les résultats des analyses ont 6&té
- satisfaisant; on a constaté que les résultats de certaines
analyses clés s'écartaient trop des marges d'erreur
permises. Les directeurs de laboratoires visés en ont été
informés ce qui leur a permis de se rendre compte qu'ils
doivent réevaluer les méthodes de contréle interne de la
qualité et produire des données plus exactes. Cependent,
deux laboratoires ont continué d'avoir un nombre excessif
de résultats erronés (indiqués *) et n'ont jamais montrés
d'amélioration de leurs points faibles.



Canada Centre for Inland Waters
National Water Research Institute
867 Lakeshore Road, P.O. Box 5050
Burlington, Ontario

L7R 4A6

January 5 Janvier, 1990.

To: Participants & Managers in:
A: Participants et Directeurs dans:

- Federal-Provicial Quality Assurance Program
Programme d’Assurance-Qualité Fédéral-Provincial (PAQFP)

Final Report/Rapport Dernier: A Studies/Etudes 45-46

Vous trouverez en annexe le résumé dernier de I'étude F/P susmentionées.

Il y a un tableau su‘Flimentaire dans ce ra%)ort dernier. Ce tableau de résultats indiqués

aidera les responsables et les directeurs évaluer la performance de leur laboratoire. La

performance des laboratoires est rangé avec le pourcentage des résultats indiqués. Si la

performance est pauvre, le ‘QC’ du laboratoire devrait étre réviser. Le tableau

f:&plimentaire donnera un meilleur indication de la performance et I'amélioration du
oratoire.

Si vous avez de commentaire sur ce résumé, ou des corrections valable & notre base de
données, veuillez me les transmettre.

I have enclosed the final report for the above mentioned studies.

There is a noteworthy additional table in this final report. This table, a summary of
flagged results, is included to assist laboratory heads and managers in evaluating their
laboratories performance relative to others. The laboratories are ranked according to the
% of results flagged. In case of poor performance, internal QC _ﬁ‘rgcedures for the
parameters listed in the Flagged Results Table should be reviewed. The additional table
will give a more complete indication of laboratory performance or improvement.

If you have any comments on this report, or any legitimate corrections to the data base,
please do not itate to communicate them.

Aoy

Q;xality Assurance Project
Research & Applications Branch

Attachment: Distribution List
En annexe: Liste de diffusion
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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
FP program. This report summarizes the most recent FP interlaboratory quality assurance studies:
FP 45 and 46, for the months September and October, 1989. These two studies dealt with trace
metals, major ions, nutrients and physical parameters. The concentrations were from medium to

high.

Study Design

Four water 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:

FP 45 - Sample 1 - 125 ml, high level’ for trace metals (3% HNO,)
Sample 2 — up t6 1 L, major ions etc., stored at 4°C

FP 46 — Sample 3 - 1 L, low lever for trace metals (0.2% HNO,)
Sample 4 ~ up to 1 L, 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 reported as required by the standard report sheets provided with the QA samples.

Submitted 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 (RAB # 89-20), including problematic results, were sent November
8, and November 24. Each laboratory was given three weeks to notify us of any errors in data

transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Wateré (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

Design Values for the reference waters are used to test each reported result for accuracy.

Percentage deviations from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
value. 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 the greater of 10% or 1 standard deviation from the
reference value is marked with an asterisk in the data table and its value tabulated in the flagged
data 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



Comments on Laboratory Performance

Resuits accompanied with a ‘less than’ are dificult 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 resutt is assigned an 'HDL' and is tabulated for each laboratory in Table
1. '

Iif, 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 standard deviation (Table 2). Formerly called a high coefficient of
variation, the standard deviation is generated with standardized criteria that are included with the
automated flagging routine. These automated criteria have been in use since March 1988 (Study
FP 27), and should provide a more accurate and consistent listing of the difficult to analyze
-pararheters or levels. A listing of the criteria used to indicate high deviation of analysis is

available on request. Your comments would be appreciated.

Provincial Ia_boratories average number of deviations per sample was 1.2.
Federal laboratories average number of deviations per sample was 1.5.

(the worst laboratory excluded)
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LAB 19 FLAGS :

HDL :

LAB 20 FLAGS :

LAB 21 FLAGS :
NOTE: .

CHROMIUM
CHLORIDE
COPPER
AMMONIA

CHROMIUM
CHLORIDE

FLUORIDE
TURBIDTY
TOT N

-24%
131%
-24%

-50%

134%

15%
247%

-13%

LEAD
CALCIUM
HARDNESS
TOT P

TRN
ALUMINUM

CHLORIDE
NITRATE
HARDNESS

-94% R
11%
13%

-28%

128% R

134%
-20%
-20%

Page 2

AMMONIA
ALUMINUM
CALCIUM
LEAD

TOT N
CHROMIUM

ZINC
AMMONIA
SILICA

-29% L
-18%
17%

-16%
70% R

559% R
134%
-25%

A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE

OF POOR PERFORMANCE.

ARE JUDGED TO HAVE VERY GOOD PERFORMANCE.

ON THE OTHER HAND, LABS WITH FEW IF ANY FLAGS

ALSO, AN "R" FLAG INDICATES A NON COMPARABLE RESULT, THAT IS, ONE
A ! AN "L"™ FLAG INDICATES A ’'LESS THAN'
RESULT LOWER THAN THE REFERENCE VALUE.

PRODUCED WITH NON RANDOM FACTORS.



TABLE 2: HIGH STANDARD DEVIATION

PARAMETER LEVEL
T N DIS AT 1.990 PPM
CHLORIDE AT 122.450 PPM

boc¢ AT 1.628 PPM



Table 3:

FP & PPWB LABS - SUMMARY OF FLAGGED DATA - FP 45 FP 46

LAB RESULTS >10% OR 1SD  GRUBBS HDL'§ % DATA
REPORTED FLAGS FLAGS INDICATED FLAGGED
14 19 0 0 0 .0
9 50 1 1 0 2.0
1 66 3 0 0 4.5
3 70 4 0 0 5.7
15 62 4 3 1 6.5
10 68 6 0 3 8.8
2 52 5 1 0 9.6
11 52 5 0 2 9.6
20 59 6 3 0 10.2
7 27 3 0 0 11.1
13 26 3 0 0 11.5
6 60 8 2 1 13.3
19 66 9 1 5 13.6
4 20 3 0 0 15.0
5 32 5 1 0 15.6
21 45 9 1 0 20.0
8 56 16 1 7. 28.6
16 64 25 9 0 39.1
NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)
0-3 FLAGS (<5%) ~ EXCELLENT TO VERY GOOD

4-9 FLAGS (<10%) - MODERATE PERFORMANCE
>10 FLAGS (>10%) - IMPROVEMENT NECESSARY, GENERATION
OF INCOMPARABLE DATA



APPENDIX I

Definitions of Types of Metals Analysis

1. HIGH LEVEL ANALYSIS

Usually without sample pretreatment, samples are aspirated by Atomic
Absorption Spectrophotometry (AAS), Inductively Coupled (Argon) Plasma or
direct coupled plasma (ICAP, ICP, or DCP). Standards should contain the

acid equivalent of the sample.

2. LOV 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, or DCP.

3. Digestion of aqueous phase and ICAP or DCP analysis.

4. Graphite tube (flameless) AAS.

Updated March 1989.



APPENDIX II

Performance Indicators

1. Flagged Results

As a first indication that analysis results are appreciably deviant
from the expected value, each submitted result is tested with the 10% or 1
Standard Deviation Rule. When a result is found to deviate more than 10%,
or more than 1 standard deviation when this is greater than 10%, the
result is flagged with an asterisk in the data summary and tabled for that
laboratory in the Flagged Data Table. Typically at low levels the 10%
criteria is too small and the 1 standard deviation criteria effectively
indicates deviant analytical results. As performance indicator, the
flagged results indicate to laboratory heads that in-house QC procedures
and the methodology concerned need to be ivestigated. Results may still
be comparable. '

2. Grubbs’ Rejectable Results

For every parameter, each laboratory result is statistically tested
to see if it is outlying. Outlying results are caused by non random
causes such as a faulty calibration or incorrect transcription. These
outlying results, calculated by the Grubbs’ procedure, and indicated in
the data tables with an ’'R’, are noncomparable with the other data for
that parameter.

3. A Bigh Standard Deviation for a Parameter

Occasionally data for a difficult to analyse parameter yields a very
high relative standard deviation (RSD). VWhen a high RSD is not due to
outlying results, there are noncomparable results within the data set. In
such a case, the RSD for that parameter is indicated in Table 2,
entitiled: High Standard Deviationms. '

4., High Detection Limits (HDL’S)

Each laboratory determines its own detection limits according to its
own requirements. Vhen major differences in detection limits occur, an
HDL is indicated for the particular laboratory in the Flagged Data Table.
An HDL indicates that 1low level analysis may not be comparable with the
analyses of other laboratories.

* reference : Frank E. Grubbs, Technomet;ics, 1969, p. 1.
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
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DATA SUMMARY - FED-PROV & PPWB OA PROGRAMS
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DATA SUMMARY
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS

ICP DA

PP 86

FP 46

STUDY NO.

oo
. e
Tttt nio00t |
o e
oo
©
b=
[ - N ]
L
©
o~
N © o
] -
Slotiiii11en
[ .
o o -]
- e
- e
tritottiri1i100
. ..
o oo
o~
=}
-
(- AN NN ENEN
.
-}
¥ xx %

AN NOTO~ ©
ANONNMONNNMMM NN
[—T=Y=T~T-T-T-T-1-1-¥-7_1

IR N
CO000OOOOOO00
3

~N

L I T I =T S I O O A |
»
(=]

4] -

N m

1111101t
. .

o (-

no

NN
li111ecriti

.

(=1 ]
mm
Tttt 1iooi11
" .
[~1-

N

[
L~ O O B B |

o

! oM
111t 100
b

o0

0.0321

0.027

OO DN ~HINCNO v
[alalalala sy

.0100

N

m .
oON |

COMMON

28309
NI EXT
AAS GF

28302
NI EXT
AAS SE

NI DIS

28111
ICP DA

28002
NI TOT
AAS SE

AAS SE COMMON

21302
CO _EXT

=
-]
l”)NNN N NONM
Prepmimlmlmimim il b LmLmbom
[=l=]=]~1-l-ToT-T-T-T-1o)

RN
coooonoocooo

o~
[
LN = O I I I |
.
o

”

- .
titri1oiint
.

o

=t
titocoiii11

...

(=12

02
0

12

LI = I T T I I R I I |

Nm

Pim
[ N R A | 1t 1ioo
.

0.0129

o~
SOOH NNQOOH!-!
OQQOOOQOOOOO
OOOOOOOOOOQO

N
-
LI A RN B I B
"
[

~N

il
Tir1e@itrizg

..

(1]

HMNODAOHINOND =
NN

.0123

0009
30003
ZN TOT
AAS GF

29999
COPPER
COMMON

ICP DA

29308
CU .EXT
AAS GF

29305
CU EXT
AAS SE

29111
CU DIS
ICP DA

29107
CU DIS
AAS GF

AAS SE

29003
CU TOT

AAS GF

-4
)
o
LI I I O T T O I B T
. .
oo

o —o .
MIOLOMNTNNTONN
oocccooceodogo
"
cooooooocoooss

"
=]
-t
[ O - N O B I I A B B
3
o
")
~
-
ttrvirtniern
o
- -
-t -
R~ - N ]
3 A
o o
Mo
el o
1iri1i1eeri it 111
" .
oo
—
~
[
[ A A I X - N N B
.
o
-
-
11ttt silona
K
-
<
-
[ 2 T I I T 2 I
o
o
~
mn <« o
- -
oclellliitiliont
e K]
[~ -1 o
o
[42]
-
1191111ttt
A
)

o
b
L2 I T T O O O B B B -1 -1

NNV ONO = TINOND ~
el e e = NN

.0126

.0140



38111
SR DIS
ICP DA

SR_TOT

38012
DCP DA

PAGE 14

ICP DA

30999
2INC
COMMON

30311
ZN _EXT
ICP DA

AAS SE
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DATA SUMMARY - FED~PROV & PPWB QA PROGRAMS
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PAGE 19
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HARDNESS: NA TOT

COMMON:

DATA SUMMARY - FED-PROV & PPWB OA PROGRAMS
SAMPLE 4

PP 86
10301 10302
PH

FP 46

10190
ALKLINTY
COMMON

STUDY. NO.

Illll'llll-lllll”
4

L'~ In
NN EEN] -lll
3
~ .
IR AN
om 3
on n
.
||||||||||||-|||||
\D
* x
)
Rl .
et | lNQ\DO IQ& lr-‘OFFQ
N0 DV WOV

NN NNNN NN NN

L2)
.
LI = 2 N I T N T I I I I I |
]
o~
(=]
L e
LI I T - - 2 S IO T I 2 O I O |
O\
NN
o
o
ettt I‘DOIQQIﬂOFFO
n\e O~ O
NN NN NON ONONONONEN

n

R REREEE
0,00 ™~ Q0 00 00 CO ™™ O™~ O™~ COr~ D O™~

L I A I I R O A RN I AR BN R R
.
©

QN mnm
OOFOONO”GOQOONOHIQ
.
QOFQQOQFFOFQFQFQ P

mwmmmomwnmmmaroooa
FADA\OV DO DO OO O~~~

~HNOFINO - ONO i MTINONO

rdrdrdrd e ONN |

QNN munm @0 o
CO~OONOMNODONNA—N

52.8000

~oN

r-
NNoh |

59

60.0000

AAS DA

12105
MG DIS
AAS DA

12102
MG DIS
ARS DA

12012
MG TOT

DCP

MG TOT

12005
Icep

11980
SODIUM
COMMON

NA EXT

11311
Ice:

NA DIS

11111
Icp

11107
NA UF
FL PH

11105
NA DIS
AAS DA

NA DIS

FLAME

11104

NA DIS

11103
FL PH

m . o
LI 0 T T O I I I B
[a

m
LU N T T O T O N B Y|
-4

o~

-
NN

NQOQHPQOOWOONNOQ-

sel LU
N
NN

18

o
el 1 1)
-t

[}
.

21

wmmmwmmwmmwwommm

54

57

60.4
62.9

59.5
59.5000

HONMNO MDA =M TNOND

e N

21.3000

21.3000

oo
or-

>
@ |

o~
N\
oo |
N

61

59.2000

57.6000

DES VAL



14190
SILICA
COMMON

14112
SILICA
DCP DA

PAGE 20

14111
SILICA
ICP DA

14107
SILICA
MOLY AA
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SI FIL
MOL ASC
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MOL ASC

14103
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MOL SUL

SAMPLE 4

14102
ANSA AA

DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS

MGNESIUM SILICA
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Environment. ‘Environnement
Canada Canada

Conservation and  Conservation et
Protection Protection

Canada Centre for Inland Waters
National Water Research Institute
867 Lakeshore Road, P.O. Box 5050
Burlington, Ontario _ -
L7R 4A6 Our file  Notre référence,

Your file  Votre rétérence.

March 8 Mars, 1990.

To: Participants & Managers in:
A: Participants et Directeurs dans:

Federal-Provicial Quality Assu.r_a:ice Program
Programme d’Assurance-Qualité Fédéral-Provincial (PAQFP)

Final Report/Rapport Dernier: FPQA Studies/Etudes 47-48

Vous trouverez én annexe le résumé dernier de I'étude F/P susmentionées.

11 y a un tableau supplimentaire dans ce rapport dernier. Ce tableau de résultats indiqués

aidera les responsables et les directeurs évaluer la performance de leur laboratoire. La

performance des laboratoires est rangé avec le pourcentage des résultats indiqués. Si la

performance est pauvre, le ‘QC’ du laboratoire devrait étre réviser. Le tableau

is;:xi:,pi)plime,ntail'e! donnera un meilleur indication de la performance et 'amalioration du
ratoire.

Si vous avez de commentaire sur ce résumé, ou des corrections valable 2 notre base de
données, veuillez me les transmettre.

I have enclosed the final report for the above mentioned studies.

There is a noteworthy additional table in this final report. This table, a summary of
flagged results, is included to assist laboratory heads and managers in evaluating their

laboratories performance relative to others. The laboratories are ranked according to the

% of results flagged. In case of poor performance, internal QC procedures for the
parameters listed in the Flagged Results Table should be reviewed. The additional table
will give a more complete indication of laboratory performance or improvement.

~ If you have any comments on this report, or any legitimate corrections to the data base,

please do not hesitate to communicate them.

Ly (e
H. Alkema
Quality Assurance Project

Research & Applications Branch

Attachment: Distribution List
En annexe: Liste ae diffusion

Canadi
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Mr. Albert Boyko
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Mr. Guy Brun
Atlantic Region, WQB

Mr. William Coedy
Northern Affairs Pgm, NWT

M. Laurent C6té
Laboratoire de Montréal, P Q

Ms. Dominique Duval
St. Lawrence Centre Lab, P Q

Mr. Brian Douglas
PEI Dept. of Agriculture

Mr. Peter Fowlie
WTC, CCIwW

Mr. N. Bermingham
St. Lawrence Centre Lab, P Q

Dr. A. Bouchard
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Mr. A.S.Y. Chau
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Dr. Dorothy Jeffery
Zenon Environmental Inc., B.C.

Mr. Gordon Kan
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Mr. Paul Kiuckner
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Dr. John Leach
BC Research Corp

Ms. Guat Peng Lee
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Mr. Dominique Levesque
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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
FP program. This report summarizes the most recent FP interlaboratory quality assurance studies:
FP 47 and 48, for the months November and December, 1989. These two studies dealt with trace
metals, major ions, nutrients and physical parameters. The concentrations were from low to

medium.

Study Design

Four water 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:

FP 47 — Sample 1 - 125 mi, high leverl for trace metals (3% HNO,)
Sample 2 - up to 1 L, major ions etc., stored at 4°C

FP 48 — Sample 3 - 1 L, low level’ for trace metals (0.2% HNO,)

Sample 4 - up to 1 L, major ions, etc., stored at 4°C
* for definitions see Appendix 1
Treatment of Data

Each laboratory was asked to perform orly those analyses which were routine 1o their
particular laboratory, using the general methodology guidelines listed above. Results for these
analyses were reported as required by the standard report sheets provided with the QA samples.

Submitted 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 (RAB # 90-01), including problematic results, were sent January
3 and February 12. Each laboratory was given three weeks to notify us of any ermors in data

transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Waters (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

Design Values for the reference waters are used to test each reported result for accuracy.

Percentage deviations from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
value. 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 the greater of 10% or 1 standard deviation from the
reference value is marked with an asterisk in the data table and its value tabulated in the flagged

data table (Table 1). ‘Resutts 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
/




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 an 'HDL’ and is tabulated for each laboratory in Table
3.

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 resutt is flagged low. The magnitude of

the deviation from the mean in such a case is taken from the detection limit given.

Three tables list the data from the above mentioned evaluations. Table 1 is a summary of
the flagged results for each laboratory as they are found in Table 2. The summary will assist
laboratory managers and lab heads in evaluating their laboratories performance relative to others.
A listing parameters for which there was a high standard deviation is found in Table 2. Formerly
called a high coefficient of variation, the standard deviation is generated with standardized criteria
that are included with the automated flagging routine. These automated criteria have been in use
since March 1988 (Study FP 27), and should provide a more accurate and consistent listing of the
difficult to analyze parameters or levels. A listing of the criteria used to indicate high deviation of

analysis is available on request. Your comments would be appreciated.

Provincial laboratories average number of deviations per sample was 1.3.
Federal laboratories average number of deviations per sample was 1.3.

(the worst laboratory excluded)



TABLE 1: FP & PPWB LABS - SUMMARY OF FLAGGED DATA - FP 47 FP 48

LAB  RESULTS  >10% OR 1SD  GRUBBS HDL'S % DATA
REPORTED FLAGS FLAGS  INDICATED FLAGGED

19 NO RESULTS REPORTED

5 30 0 0 0 .0
3 72 2 0 0 2.8
11 52 3 2 0 5.8
9 . 50 3 1 7 6.0
21 49 4 3 0 8.2
10 68 6 0 3 8.8
4 22 2 0 0 9.1
2 50 5 0 2 10.0
7 28 3 2 0 10.7
1 65 9 2 0 13.8
20 64 9 7 3 14.1
14 32 5 3 0 15.6
15 70 11 2 5 15.7
13 31 5 0 2 16.1
6 62 16 10 3 25.8
8 61 18 8 4 29.5
16 63 19 8 0 30.2

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)
< 5% - EXCELLENT TO VERY GOOD
5 - 108 - MODERATE PERFORMANCE -
> 108 - IMPROVEMENT NECESSARY, GENERATION

OF INCOMPARABLE DATA



ZINC

TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 47-48
LAB 1 FLAGS : 2INC 19% NITRATE -80% SODIUM -13%
TOT P -78% ALUMINOM -34% . LEAD 82%
NITRATE -98% R SODIUM ~-18% TOT P ~74%
LAB 2 FLAGS : T N DIS 33% TOT P -78% L ALUMINUM ~-19%
S1LICA 15% PTASSIUM 11%
HDL : MANGNESE ZINC
LAB 3 FLAGS : AMMONIA 13% FLUORIDE 28%
LAB 4 FLAGS : TOT P 117% TOT P 58%
LAB 5§ FLAGS : NONE
LAB 6 FLAGS : TURBIDTY 271% R DOC 107% R TKN 275%
NITRATE 82% HARDNESS 20% R MGNESIUM 66%
TOT P 335% R PTASSIUM -11% ZINC 33%
DOC 96% R TKN 71% R NITRATE 11%
HARDNESS 15% SODIUM ~18% MGNESIUM 48%
PTASSIUM -21% R ‘
HDL : VANADIUM MOLYBNUM LEAD
LAB 7 FLAGS : MGNESIUM -74% R MGNESTUM -74% R SULFATE 12%
LAB 8 FLAGS : ALUMINUM 18% COPPER 45% R ZINC 25%
TKN 50% R NITRATE 87% HARDNESS 17%
MGNESIUM 198 R TOT P 74% CALCIUM 18%
IRON 213% COPPER 32% ZINC 86%
NITRATE 11% HARDNESS 15% MGNESIUM 18%
TOT P 45% CHLORIDE 35% R CALCIUM 19%
HDL : DoOoC ALUMINUM MANGNESE
LAB 9 FLAGS : ALUMINUM -49% 1L SODIUM 1023% R SILICA 13%
HDL ¢+ VANADIUM IRON ' COBALT
NICKEL COPPER 2INC
MOLYBNUM
LAB 10 FLAGS : COBALT -14% CADMIUM -19% DOC -31%
T N DIS =24% IRON -69% SILICA -14%
HDL : AMMONIA TOT P
LAB 11 FLAGS : COPPER 36% R IRON 135% FLUORIDE 788%
LAB 13 FLAGS : CADMIUM -27% NITRATE -85% SODIUM 13%
AMMONIA -50% L SODIUM 20%
HDL : AMMONIA AMMONIA
LAB 14 FLAGS : MANGNESE 20% COPPER 103% R ZINC 46%
CHLORIDE 14% R ~28%

o n

w oxIW
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LAB 15  FLAGS : VANADIUM =-95% R ZINC 258 DoOC -31% L
DIC -17%  FLUORIDE -12%  SILICA -16%
ALUMINUM -34%  2ZINC 333 LEAD ~ -80% R
DIC -23%  SILICA -15%
HDL : DOC VANADIUM COBALT
NICKEL MOLYBNUM
LAB 16 FLAGS : CHROMIUM  44% R MANGNESE  37% R COBALT 18%
NICKEL 22% R ZINC 708 R STRNTIUM  15%
SILICA -21%  CALCIUM  -15%  ALUMINUM  40% R
VANADIUM  47%  CHROMIUM  69% R MANGNESE  63% R
IRON 57%,  ZINC 33%  CONDUCT  -99% R
TRN . 14%  NITRATE  -23%  SODIUM -18%
CAZCIUM  -13% :
LAB 19  FLAGS : NO RESULTS REPORTED
LAB 20  FLAGS : CHROMIUM -37% R IRON 30% R COPPER -16%
ZINC 23%  SODIUM 59% R CHLORIDE -37% R
ALUMINUM 126% R SODIUM 133% R CHLORIDE -53% R
HDL : VANADIUM MOLYBNUM BARIUM

MOLYBNUM -16% R PTASSIUM 30% R ALUMINUM -19%
PTASSIUM 29% R

LAB 21 FLAGS

NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE
OF POOR PERFORMANCE. ON THE OTHER HAND, LABS WITH 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 REFERENCE VALUE. '




TABLE 3:

HIGH STANDARD

DEVIATION

BORON
T N DIS

IRON

AT
AT
AT

.045 PPM
.330 PPM
.006 PPM



APPENDIX I

Definitions of Types of Metals Analysis-

1. HIGH LEVEL ANALYSIS

Usually without safple pretreatment, samples are aspirated by Atomic
Absorption Spectrophotometry (AAS); Inductively Coupled (Argon) Plasma or o
direct coupled plasma (ICAP, ICP, or DCP). Standards should contain the

acid equivalent of the sample.

2. LOV 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, or DCP.

3. Digestion of adueous phase and ICAP or DCP analysis.

4. Graphite tube (flameless) AAS.

Updated March 1989.



APPENDIX II

Performance Indicators

1. Flagged Results

As a first indication that analysis results are appreciably deviant
from the expected value, each submitted result is tested with the 10% or 1
Standard Deviation Rule. When a result is found to deviate more than 10%,
or more than 1 standard deviation when this is greater than 10%, the
result is flagged with ap asterisk in the data summary and tabled for that

laboratory in the Flagged Data Table. Typically at low levels the 10% .,

criteria is too small and the 1 standard deviation criteria effectively
indicates deviant analytical results. As performance jindicator, the
flagged results indicate to laboratory heads that in-house QC procedures
and the methodology concerned need to be ivestigated. Results may still
be comparable.

2. Grubbs’ Rejectable Results

For every parameter, each 1laboratory result is statistically tested
to see if it is outlying. Outlying results are caused by non random
causes such as a faulty calibration or incorrect trgnscription. These
outlying results, calculated by the Grubbs’ procedure, and indicated in
the data tables with an 'R’, are noncomparable with the other data for
that parameter.

3. A High Standard Deviation for a Parameter

Occasionally data for a difficult to analyse parameter yields a very
high relative standard deviation (RSD). When a high RSD is not due to
outlying results, there are noncomparable results within the data set. In
such a case, the RSD for that parameter is indicated in Table 2,
entitiled: High Standard Deviations.

4. High Detection Limits (HDL’s)

Each laboratory determines its own detection limits according to its
ovn requirements. VWhen major differences in detection limits occur, an
HDL is indicated for the particular laboratory in the Flagged Data Table.
An HDL indicates that low level analysis may not be comparable with the
analyses of other laboratories.

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

Conservation and  Conservation et
Protection Protection

Canada Centre for Inland Waters
National Water Research Institute
867 Lakeshore Road, P.O. Box 5050
Burlington, Ontario

L7R 4A6

Your file  Votre reference

Our file  Notre réference

‘May 4 Mai, 1990.

To/A: Participants & Managers/Directeurs:

Federal-Provincial Quality Assurance Program
Programme d'Assurance-Qualité Fédéral-Provincial (PAQFP)

Final Report/Rapport Dernier: FPQA Studies/Etudes 49-50

Vous trouverez en annexe le résumé dernier des études susmentionées.

I1 y a un tableau supplimentaire dans ce rapport dernier. Ce tableau de
résultats indiqués aidera les responsables et les directeurs évaluer la
performance de leur laboratoire. La performance des laboratoires est rangé avec
le pourcentage des résultats indiqués. Si la performance est pauvre, le 'QC' du
laboratoire devrait étre réviser. Le tableau supplimentaire donnera un meilleur
indication de la performance et l'amélioration du laboratoire.

Si vous avez de commentaire sur ce résumé, ou des corrections valable & notre

_base de données, veuillez me les transmettre.

I have enclosed the final report for the above mentioned studies.

There is a noteworthy additional table in this final report. This table, a
summary of flagged results, is included to assist laboratory heads and managers
in evaluating their laboratories performance relative to others. The laboratories
are ranked according to the % of results flagged. In case of poor performance,
internal QC procedures for the parameters listed in the Flagged Results Table
should be reviewed. The additional table will give a more complete indication
of laboratory performance or improvement.

If you have any comments on this report, or any legitimate corrections to the
data base, please do not hesitate to communicate them.

H. Alkema
Quality Assurance Project
Research & Applications Branch

Attachment: Distribution List
En annexe:  Liste de diffusion

Canadi
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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 FP program. This report summarizes the most recent FP interlaboratory quality assurance
studies: FP 49 and 50, for the months January and February, 1990. These two studies dealt with

trace metals, major ions, nutrients and physical parameters, The concentrations were from

medium to high.
Study Desi

Four water 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:

FP 49 - Sample 1 - 125 ml, high level for trace metals (3% HNOy)
Sample 2 - up to 1 L, major ions etc., stored at 4°C

FP 50 - Sample 3 - 1L, low level for trace metals (0.2% HNO,)
' Sample 4 - up to 1 L, 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 reported as required by the standard report sheets provided with the QA samples.

Submitted 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 (RAB # 90-07), including problematic results, were sent March
7 and April 6. Each laboratory was given three weeks to notify us of any errors in data

transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Waters (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

‘Design Values for the reference waters are used to test each reported result for accuracy.

Percentgge deviations from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
value. However, please keep in mind thét at low levels, high % deviations are often seen, and may
be misleading if interpreted too strictly.

A result which deviates more than the greater of 10% or 1 standard deviation from the
reference value is marked with an asterisk in the data table and its value tabulated in the flagged
data table (Table 1). Results reported with an "L" (less than) or ﬂaggéd 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 an '"HDL' and is tabulated for each laboratory in
Table 2.

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,

Three tables list the data from the above mentioned evaluations. Table 1 is a summary of
the flagged results for each laboratory as they are found in Table 2. The smnmafy will assist
laboratory managers and lab heads in evaluating their laboratories performance relative to others.
A listing parameters for which there was a high standard deviation is found in Table 2. Formerly
called a high coefficient of variation, the high standard deviation is generated with standardized
criteria that are included with the automated flagging routine. These automated criteria have
been in use since March 1988 (Study FP 27), and should provide a more accurate and consistent
listing of the difficult to analyze parameters of levels. A listing of the criteria used to indicate

high deviation of analysis is available on request. Your comments would be appreciated.

Provincial laboratories average number of deviations per sample was 1.1.

Federal laboratories average number of deviations per sample was 1.7.



TABLE 1: FP & PPWB LABS - SUHMARY OF FLAGGED DATA - FP 49 FP 50

LAB RESULTS >10% OR 1SD  GRUBBS HDL'S % DATA

REPORTED FLAGS FLAGS  INDICATED FLAGGED
4 22 0 0 0 .0
7 28 0 0 0 .0
20 59 2 1 0 3.4
9 52 2 0 0 3.8
3 70 3 0 0 4.3
1 52 3 1 0 5.8
21 18 3 0 0 6.3
10 67 5 0 3 1.5
1 62 5 0 0 8.1
8 60 6 0 1 10.0
13 32 4 2 1 12.5
15 64 8 5 2 12.5
2 47 6 0 0 12.8
6 60 11 7 1 18.3
19 40 10 4 1 25.0
14 31 9 3 0 29.0
16 62 27 8 0 43.5

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)

< 5% - EXCELLENT TO VERY GOOD
5 - 105 - MODERATE PERFORMANCE
> 10% - IMPROVEMENT NECESSARY, GENERATION
OF INCOMPARABLE DATA
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-19%
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PTASSIUM
AMMONIA

- -26%

13%
-16%

24%
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16%
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34%
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1
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13%
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12%

13%
521%



Page. 2

LAB 16 FLAGS : CHROMIUM -13% MANGNESE 26% R IRON 25% R
ZINC 12% MOLYBNUM 14% R LEAD 18%
TRN -13% NITRATE -31% SODIUM -15% R

MGNESIUM -11% SULFATE -14% CHLORIDE -12%
CALCIUM -19% ALUMINUM 42% VANADIUM 139% R

CHROMIUM  21%  MANGNESE  63% R IRON 22%
COBALT 13%  NICKEL 26%  CADMIUM 19%
BARIUM 103% R LEAD 39% R FLUORIDE  28%
SODIUM ~ -22%  CHLORIDE -11%  CALCIUM  -19%

LAB 19 FLAGS : ALUMINUM -11% CONDUCT 865% R FLUORIDE -22% R
ALUMINUM  -43% IRON 20% NICKEL 18%
CADMIUM -14% CONDUCT 928% R FLUORIDE -36% R
SULFATE 19%
HDL : LEAD

LAB 20 FLAGS : CHROMIUM -29% R IRON 16%

LAB 21 FLAGS : CADMIUM 19% NITRATE =23% PTASSIUM  -23%

NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE
OF POOR PERFORMANCE. ON THE OTHER HAND, LABS WITH 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 REFERENCE VALUE.




TABLE 3:

BORON
T N DIS
ALUMINUM

BORON

HIGH STANDARD DEVIATION

AT
AT

AT

AT



APPENDIX I

Definitions of Types of Metals Ang}ySis

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 analygis

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 ICAP analysis.

4. Graphite tube (flameless) AAS.



APPENDIX II

Perfo;mancellndicatQts

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 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 in the data tables with
an 'R’, are noncomparable with the other data for the parameter.

3. A Bigh Co-efficient of Variation_(BCV)

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
ovn requirements. Vhen 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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(IN 0.2% HNO3)
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DATA SUMMARY
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FEDERAL-PROVINCIAL & PRAIRIE PROVINCES QUALITY ASSURANCE PROGRAMS
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SAMPLE 3

DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
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SAMPLE 3
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
56000

48999
CADMIUM
COMMON

PP 90
48302 48309
CD EXT CD _EXT
AAS SE AAS GF

FP 50

48111
CDh DIS

ICP DA

STUDY NO.

0..0258

0.024

Lo
M

(1

T 0
NN NN NN N
oo IO I1oO0O IO
3K .. . . .
o0 OO OO0 O

-

o~
(I I I I I B BN -0 B I |
.

o
Sttt lIool
.

4

0.024
0.0234

(=]

0.048 R

11011

o
o~
(NN E-]
3
[~

K &

Hr—!OOOMQOﬂIﬂQOIﬂ
OOV N NN N NN
COO00O00O0O00O00O

N
1111ocr i v
.

N N
ottt 1110111
. .

oo
[=]
o
-t
o

-
titrti1er it
.

HNM\DQQOHU’\DO\OF‘
Lalalalaly 1y )

.0258

-0242
0025

10.1
.02359

.0240

wen

1=
oow |

.0180

STD DEV
DES VAL

REL STD

MEAN

82999
LEAD
COMMON

82309
PB EXT
AAS GF

82302
PB_EXT
AAS SE

82104
PB DIS
AAS GF

82004
PB TOT
AAS GF

L]
Al

©
WONTORMOWOTY  NY
NONONNNNNNNNN NN
OOQOOOOOOOOQDO

QOOOOOOOOOOQOO

0.0229

-

249

IR
1010110111
2

0.

o o

o
N
110ttt

ottt t v

. m
llllllllQlI

-]
o~
IIIIIQIIIIIIIO
O

—-HONOWOWOAQ=TINONO —
Ll

et =i NN

[=1-1"- ]

[={=}

NO
coo |

om

(=
oOonN |

DES VAL

MEAN




02077
HACH F2

TURB

02074
NPLMTRI

PAGE 15
TURB
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SAMPLE 4
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
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DATA SUMMARY - FED-PROV & PPWB QA PROGRAMS
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l*. Environment Environnement
g Canada Canada

Conservation and  Conservation et
Protection Protection

Canada Centre for Inland Waters
National Water Research Institute
867 Lakeshore Road, P.0. Box 5050
Burlington, Ontario

L7R 4A6

Your file  Votre rétérence

Our file  Notre rétérence

July 18 Juillet, 1990.

To/A: Participants & Managers/Directeurs:
Federal-Provincial Quality Assurance Program o
Programme d'Assurance-Qualité Fédéral-Provincial (PAQFP)

Final Report/Rapport Dernier: FPQA Studies/Etudes 51-52

Vous trouverez en annexe le résumé dernier des études susmentionées.

Ce rapport dernier aide les responsables et les directeurs évaluer la performance
de leur laboratoire. Dans Tableau 1, la performance des laboratoires est rangé
avec le pourcentage des résultats indiqués. Si la performance est pauvre, le
'QC' du laboratoire devrait étre réviser. Les tableaux 1 et 2 donneront un
meilleur indication de la performance et 1'ameélioration du laboratoire.

Si vous avez de commentaire sur ce résumé, ou des corrections valable & notre
base de données, veuillez me les transmettre.

I have enclosed the final report for the above mentioned studies.

This final report assists laboratory heads and managers in evaluating their
laboratories performance relative to others. In Table 1, laboratories are ranked
according to the % of results flagged. In case of poor performance, internal QC
procedures for the parameters listed in the Flagged Results Table (Table 2)
should be reviewed. These tables of Flagged Results and Summary of Flagged
Results will give a more complete indication of laboratory performance or
improvement.

If you have any comments on this report, or any legitimate corrections to the
data base, please do not hesitate to communicate them.

4.

H. Alkema
Quality Assurance Project
Research & Applications Branch

Attachment: Distribution List
En annexe: Liste de diffusion
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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 FP program. This report summarizes the most recent FP interlaboratory quality assurance

studies: FP 51 and 52, for the months March and April, 1990. These two studies dealt with

trace metals, major ions, nutrients and physical parameters. The concentrations were from low

to medium.
Study Design

Four water 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: .

FP 51 - Sample 1 - 125 ml, high level for trace metals (3% HNOy)
Sample 2 - up to 1 L, major ions etc., stored at 4'c

FP 52 - Sample3 -11L,low level for trace metals (0.2% HNOy)
Sample 4 - up to 1 L, major ions, etc., stored at 4’c

" for definitions see Append:x 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 reported as required by the standard report sheets provided with the QA samples.

Submitted 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 (RAB # 90-09), including problematic results, were sent May
3 and June 8. Each laboratory was given three weeks to notify us of any errors in data

transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Waters (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

Design Values for the referenice waters are used to test each reported result for accuracy.

Percentage deviations from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
value. 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 the greater of 10% or 1 standard deviation from the
reference value is marked with an asterisk in the data table and its value tabulated in the flagged
data 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

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 2.

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.

Three tables list the data from the above mentioned evaluations. Table 1 is a summary of
the flagged results for each laboratory as they are found in Table 2. The summary will assist
laboratory managers and lab heads in evaluating their laboratories performance relative to others.
A listing parameters for which there was a high standard deviation is found in Table 3. Formerly
called a high coefficient of variation, the standard deviation is generated with standardized criteria
that are included with the automated flagging routine. These automated criteria have been in
use since March 1988 (Study FP 27), and should provide a more accurate and consistent listing
of the difficult to analyze parameters or levels. A listing of the criteria used to indicate high

deviation of analysis is available on request. Your comments would be appreciated.

Provincial laboratories average number of deviations per sample was 1.2.

Federal laboratories average number of deviations per sample was 1.9.



TABLE 1: FP & PPWB LABS - SUMMARY OF FLAGGED DATA - FP 51 FP 52

LAB  RESULTS  >10% OR 1SD . GRUBBS HDL' S % DATA

REPORTED FLAGS FLAGS INDICATED FL‘A.GGED
10 68 1 0 5 1.5
2 44 1 0 0 2.3
9 52 2 2 9 3.8
4 22 1 0 0 4.5
3 70 4 0 1 5.7
21 48 3 2 1 6.3
15 57 4 1 9 7.0
1 63 5 1 0 7.9
11 52 5 2 0 9.6
20 56 6 1 1 10.7
13 32 4 2 2 12.5
8 59 8 0 10 13.6
7 28 5 0 0 17.9
6 60 15 6 4 25.0
16 61 16 9 0 26.2
19 49 17 4 2 34.7
14 34 12 0 0 35.3

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)

< 5% - EXCELLENT TO VERY GOOD
5 - 108 - MODERATE PERFORMANCE o
> 10% - IMPROVEMENT NECESSARY, GENERATION

OF INCOMPARABLE DATA



TABLE 2:

FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES .FP 51-52

:

B
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400%

12%
171%

22%

55%
11%

146%

-99%
-92%

o

o
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21%
141%
48%
13%
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ALUMINUM

NITRATE

HARDNESS
TOT P
IRON
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SODIUM
COPPER
CALCIUM
MANGNESE

DIC
SILICA

COBALT
ZINC
SILICA

NICKEL

IRON

MGNESIUM

NITRATE
CALCIUM
LEAD

CALCIUM

CADMIUM
CHROMIUM

DOC
T0T P

172% R

92%

12%
590% R
76%
353%
59%

-61%

-14%
15%

60%

12%

-24%
-13%
=57%
-18%

-48%
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LAB 16 FLAGS : ALUMINUM  27% R CHROMIUM  12%  MANGNESE 405% R
IRON 25% R MOLYBNUM -16% R LEAD 68% R
NITRATE  -28% SULFATE  =-39%  CHLORIDE -21%
PTASSIUM -46% R VANADIUM 182% R IRON 140% R
SODIUM  -18% SULFATE 13¢  PTASSIUM -61% R
CALCIUM  -13%
LAB 19  FLAGS : VANADIUM  13% IRON 13%  NICKEL 18% R
ZINC 13%  CADMIUM 12%¢  BARIUM 12%
LEAD '15%  AMMONIA  1329% R FLUORIDE -80%
SODIUM 46% SILICA 45% R MANGNESE -84% L
IRON -68% L NICKEL 33% COPPER -71%
SULFATE 29% R PTASSIUM -20%
HDL : LEAD AMMONIA
LAB 20  FLAGS : CHROMIUM =-56% R COPPER -14% CALCIUM 17%
HARDNESS 13%  MGNESIUM  12% CALCIUM 16%
HDL : SILICA o
LAB 21  FLAGS : NITRATE  -96% R MOLYBNUM -30%  NITRATE 1319% R
HDL  : ALKLINTY

NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE
OF POOR PERFORMANCE. ON THE OTHER HAND, LABS WITH 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 REFERENCE VALUE.




TABLE 3:

HIGH STANDARD DEVIATION

BORON
SODIUM
PTASSIUM
ALUMINUM
IRON
COPPER
LEAD
DOC

T N DIS

AT
AT
AT
AT
AT
AT
AT
AT
AT

.029

1.277

.484
.018
.006
.007
.006
.167
.057

PPM
PPM
PPM
PPM
PPM
PPM
PPM
PPM
PPM



APPENDIX I

Definitions 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 for lov 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

Pe;fogmance_lndicators

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. Rejectable»ReSults

Each laboratory result is statistically tested to see 1if 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). 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
comments.

4. High Detection Limits (HDL)

Each laboratory determines its own detection limits according to its
owvn requirements. Vhen major differences of detection 1limits occur, the
result is flagged with ‘HDL’ in the data tables. An HDL indicates that
lov 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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SAMPLE 2
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DATA SUMMARY -~ FED-PROV & PPWB QA PROGRAMS
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! & : Environment Environnement
Canadla Canada

Co,n,ser,vation and Conservation et
Protection Protection

National Water Research Institute

867 Lakeshore Road, P.O. Box 6050 Your fie  Votre relérence
Burlington, Ontario ‘
L7R 4A6 Our file  Notre retérence

September 13 Septembre, 1990.
To/A: Participants & Managers/Directeurs:
Federal-Provincial Quality Assurance Program

Programme d’Assurance-Qualité Fédéeral-Provincial (PAQFP)

Final Report/Rapport Dernier: FPQA Studies/Etudes 53-54

Vous trouverez en annexe le résumé dernier des études susmentionées.

Ce rapport dernier aide les responsables et les directeurs évaluer la performance de leur
laboratoire. Dans Tableau 1, laperformance des laboratoires estrangé avec le pourcentage des
‘résultats indiqués. Sila performance est pauvre, le ‘QC’ du laboratoire devrait étre réviser. Les
Tableaux 1 et 2 donneront un méilleur indication de la performance et I'amélioration du
laboratoire.

On pouvait voir que Le Résumé de Donnés était condensé. Les codes de méthodologie qui
normalement complétent la plupart de ce resumé étaient exciu. S’il faut necessaire voir des
methodologies, on pouvaitles voir dans ia deuxiéme evaluation préliminaire dedonnés (RAB # 90-
11b, 1 Aolit).

Sivous avez de commentaire sur ce résumé, oudes corrections valable a notrebase de données,
veuillez me les transmettre.

| have enclosed the final report for the above mentioned studies.

This finalreport assists laboratory heads and managers in evaluating their laboratories perform-
ance relative to others. InTable 1, laboratories are ranked according to the % of results fiagged.
In case of poor performance, internal QC procedures for the parameters listed in the Flagged
Results Table (Table 2) shouid be reviewed. These tables of Flagged Resuits and Summary of
Flagged Results will give a more complete indication of laboratory performance or improvement.

Please note that the Data Summary has been condensed. Methodology codes which make up the
bulk of this data table, have been excluded. If itis necessary to check on methodologies, these
can be found in the second preliminary data evaluation (RAB # 90-11b, August 1).

If you have any comments on this report, or any legitimate correctionsto the data base, please do
not hesitate to communicate them. '

H. Alkema ~<KD/“"6 &

Quality Assurance Project
Research & Applications Branch

Attachment: Distribution List
En annexe: ListeI _d'e diffusion
i

Canadi
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by
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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 FP program. This report summarizes the most recent FP interlaboratory quality assurance
studies: FP 53 and 54, for the months May and June, 1990. These two studies dealt with trace
metals, major ions, nutrients and physical parameters. The concentrations were mainly from low

to medium (including a 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 measuréements. The following is a breakdown of the four samples:

FP 53 - Sample 1 - 125 ml, high level for trace metals (3% HNO,)
Sample 2 - up to 1 L, major ions etc., stored at 4'c

FP 54 - Sample 3 - 1 L, low level for trace metals (0.2% HNOy)

Samples 4 & 5 - up to 1 L, major ions, etc., stored at 4'c

1‘\ " for definitions see Appendix 1
\

T@ent of Data

\-

3

i :

Fach laboratory was asked to perform only those analyses which were routine to their
parti;gular laboratory, using the general methodology guidelines listed above. Results for these
analyses were reported as required by the standard report sheets provided with the QA samples.

* Submitted 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 (RAB # 90-11), including problematic results,
were sent July 5 and August 1. Each laboratory was given three weeks to‘notify us of any errors

in data transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Waters (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

Design Values for the reference waters are used to test each reported result for accuracy.

Percentage deviat_ions from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
- value. 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 the greater of 10% or 1 standard deviation from the (,'/
reference value is marked with an asterisk in the Data Summary‘ and its value tabulated in thg,r/
flagged data 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 explai{ﬁed
in Appendix II. /

|

* The Data Summary is condensed for this report; for methodologies please see RAB # 90-11b



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
vlim,it is too high. Such a result is assigned an "HDL' and is tabulated for each laboratory in
Table 2. If, on the other hand, the detection limit reported is far lower thah the mean or design
value, then fh‘e 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.
Three tables list laboratory data evaluations and performance. They are as follows:

Table 1: a summary of flagged results ranked according to the % results flagged. This
summary will assist lab managers and heads in evaluating their performance

relative to others.

Table 2: provides a listing of flagged results according to the performance indicators - the
principal one being the 10% - 1 Std. Dev. Rule. Also included are Grubbs’
Rejectables and the high detection limits. Newly included in this table is the

acceptable deviation for the 10% - 1 Std Dev. Rule.

Table 3: Lists those analytes for which there was a high standard deviation (HSD). In
other words, there were at least several erratic results reported. Some reasons for
the HSD may include low concentration, lack of analyte stability, or a non-

sensitive methodology.



Note: Evaluations for each result submitted relative to design values or means are now fully
automated. Further information for treatment of data may be found in our QA Manual:

A Manual for Effective Interlaboratory Quality Assurance, NWRI # 89-99,

* Provincial (and private) laboratories average number of deviations per sample was 2.2.

Federal laboratories average number of deviations per sample was 2.3.




TABLE 1: FP & PPWB LABS - SUMMARY OF FLAGGED DATA - FP 53 FP 54

LAB RESULTS >10% OR 1SD  GRUBBS HDL'S % DATA

REPORTED FLAGS FLAGS _ INDICATED FLAGGED

7 42 2 1 0 4.8
2 66 4 0 0 6.1
24 28 2 0 0 7.1
21 50 4 0 1 8.0
1 86 8 0 0 9.3
10 87 9 1 5 10.3
9 61 7 0 0 11.5
11 69 8 2 0 11.6
3 91 11 2 1 12.1
8 80 10 4 2 12.5
20 78 1 1 0 14.1
4 33 5 3 0 15.2
15 92 15 4 3 16.3
13 44 8 2 2 18.2
19 74 15 11 4 20.3
23 78 17 8 14 21.8
16 82 28 10 1 34.1
14 48 17 6 0 35.4
6 51 20 11 2 39.2

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)

¢ 5% - EXCELLENT TO VERY GOOD
5 - 105 - MODERATE PERFORMANCE

POOR PERFORMANCE
VERY POOR

10 - 25%
> 25%



TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 53-54
LAB FLAGGED ACCEPT FLAGGED ACCEPT FLAGGED ACCEPT
RESULT DEVIAT RESULT DEVIAT RESULT DEVIAT
1 PB -20% 18% NO3 62% 10% MG 12% 10%
S1 13% 10% COL 26% 23% NA -27% 10%
SI 21% 10% CL -17% 10%
2 pocC -39% 24% K -11% 10% NO3 -62% 57%
S04 36% 10%
3 DOC -14% 10% NH3 31% 10% DOC 45% 24%
TKN 32% 13% NO3 -85% R 10% F 16% 10%
DOC -18% 10% TEN -36% 10% NH3 -32% L 10%
TN -25% 10% TP . 202% R 54%
HDL: NH3
4 B 215% R 128% B 180% R 145% NO3 -46% 10%
B 1055% R 273% NH3 -66% L 10%
6 TKN 40% 10% NO3 f21% R 10% TP 194% 88%
TKN 281% R 13% NH3 150% R 50% NA 21% 10%
MG 38 R 10% TP 376% R 71% S04 14% 10%
CA -11% 10% DOC 17% 10% TKN 142% R 10%
NH3 -32% L 10% HARD 88% R 10% NA 22% 10%
MG 190% R 36% TP 257% R 54% S04 257% R 10%
CL -11% 10% CA 66% R 10%
HDL: NO3 NH3
7 S04 -32% R 10% S04 64% 10%
8 SI -15% 10% TP 488% R 88% AL 21% 10%
FE 27% R 10% CcuU 39% 15% ZN 33% 19%
NO3 62% 10% TP 614% R 71% TP 436% R 54%
cL  -11%  10%
HDL: MN DIC
9 AL 22% 10% NI -24% 23% Cu -23% 15%
ZN 27% 19% MO -20% 16% PB -91% L 18%
cL  -11% 10%
10 DOC -16% 10% NH3 53% 10% ™ 14% 10%
SI 66% R 10% AL 22% 10% NO3 55% 10%
TN 62% 10% coL -30% 23% NH3 -32% L 10%
HDL: TP NH3 TP NH3 TP

.. /2



Page 2

LAB FLAGGED ACCEPT FLAGGED ACCEPT FLAGGED ACCEPT
RESULT " DEVIAT RESULT DEVIAT RESULT DEVIAT

11 CR -17% 15% Cu 41% 18% F -13% 10%
FE -51% R 10% F -15% 10% COL -30% 23%
NH3 44% 10% S04 214% R 10%

13 CR -42% R 15% MN 30% 15% CU 30% 18%
CcD 72% R 15% NO3 80% 10% TP 138% 1%
TP 79% 54% CL 24% 10%
HDL: NH3 NH3

14 CU 30% 18% ZN 96% R 15% PB 19% 15%
NO3  -11% 10% TP -100% 88% CA ~16% 10%
AL 86% R 10% MN -19% 16% CD -21% 18%
PB ~-58% R 18% HARD <=19% R 10% MG -20% R 10%
TP -100% 11% CL 20% R 10% HARD -33% 10%
TP -100% 54% CA -47% 10%

15 ZN 32% 15% MO -13% 10% CcD -21% 15%
PB -23% 15% F -46% R 10% AL 22% 10%
cU -25% 15% MO ~20% 16% PB -69% R 18%
F -44% R 10% SI 16% 10% bocC 21% 10%
N 19% 10% HARD 18% 10% S04 128% R 10%
HDL: V NI DIC

16 AL 41% R 15% CR 23% 15% MN 43% R 15%

‘ FE 19% 15% NI 16% 10% ZN 32% 15%
MO -64% R 10% BA 32% R 10% PB 22% 15%
NO3 -36% R 10% NH3 -49% 10% NA -17% R 10%
K -28% R 10% CR - 16% 15% MN 48% 16%
FE 34% R 10% BA 53% 44% PB 25% 18%
TEN 218% R 13% NO3  -55% 10% NA ~20% 10%
SI -17% 10% S04 -13% 10% K -13% 10%
TKN 142% R 10% NA -14% 10% CL -11% 10%
K -36% 36%
HDL: V

19 CR -44% R 15% MO ~-51% R 10% COND -12% R 10%
NH3  -44% 10% ) -55% R 18% ZN 27% 19%
MO 36% 16% COND -14% R 10% NH3 -32% L 10%
HARD 1738% R 10% NA 239% R 10% MG 1191% R 36%
SI -69% R 10% K 401% R 36% CA 2136% R 10%

HDL: PB NH3 NH3 504

eeol3




Page 3

LAB  FLAGGED  ACCEPT FLAGGED  ACCEPT FLAGGED  ACCEPT
RESULT  DEVIAT RESULT  DEVIAT RESUL DEVIAT

20 14%  10% CR  -62% R 15% ZIN  25%  15%
MG -13%  10% ST  19%  10% ZIN  52%  19%
NO3  92%  57% HARD 22%  10% SI 128  10%
S04  71%  10% CA  38%  10%

21 NO3 -12%  10% AL 15%  10% NO3 -53%  10%
S04 -64% L 10%
HDL: S04

23 CR  -23%  15% MN  30%  15% NI 14%  10%
MO 12%  10% O 23%  15% COND -25% R 10%
NH3  104% R 10% AL 144% R 10% v 78% R 18%
MN  147% R 16% FE -30% L 10% IN  -37% L 19%
BA  -61%  44% COND -20% R 10% TURB 267% R 92%
COND -33% R 10% NH3 -32% L 10%
EDL: TP CR FE CO NI CU 2N CD PB

NH3 TP NH3 F TP
24 AL 17%  10% IN  20%  19%
NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE

OF POOR PERFORMANCE. ON THE OTHER HAND, LABS WITH 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 REFERENCE VALUE.



PARAMETER

BA
DOC
TN
COL
ALK

S04

AT
AT
AT
AT
AT

AT

.023
1.653
.290
127.778
3.390

2.802

PPM
PPM
PPM
PPM
PPM

PPM



APPENDIX I

Definitions of Types of Metals Analysis

1. HIGH LEVEL ANALYSIS

Usually without sample pretreatment, samples are aspirated by Atomic
Absorpfion Spectrophotometry (AAS), Inductively Coupled (Argon) Plasma or
direct coupled plasma (ICAP, ICP, or DCP). Standards should contain the

acid equivalent of the sample.

2. LOV 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, or DCP.

3. Digestion of aqueous phase and iCAP or DCP analysis.

4. Graphite tube (flameless) AAS.

Updated March 1989.



' APPENDIX Il

Performance Indicators

1. Flagged Results

As a first indication that analysis results are appreciably deviant from the expected value, each
submitted resultis tested withthe 10% - 1 Standard Deviation Rule. When a resultis foundto deviate
more than 10%, or more than 1 standard deviation whenthisis greater than 10%, the resultis flagged
with an asterisk in the Data Summary and tabled for that laboratory in the Flagged Data Table.
Typically at low levels the 10% criteria is too small and the 1 standard deviation criteria effectively
indicates deviant analytical results. As performance indicator, the ﬂagged results indicate to
laboratory heads that in-house QC procedures and general procedures need to be investigated.
Results may still be comparable.

2. Grubbs’ Rejectable Results

For every constituent (parameter), each laboratory resultis statisticallytested to seeif itis outlying.
Outlying results are caused by non random causes such as a faulty calibration or incorrect
transcription. These outlying results, calculated by the Grubbs’ procedure*, andindicatedin the data
tables with an ‘R’, are non—-comparable with the other data for that constituent.

3. AHigh Standard Deviation for a Constituent

Occasionally data for a difficult to analyze constituent yields a very high relative standard deviation
(RSD). When a high RSD is not due to outlying results, there are non-comparable results within the
data set. (Euphemistically speaking, there are erratic resuits.) In such cases, the RSD for that
parameter is indicated in Table 3, entitled: High Standard Deviations.

4. High Detection Limits (HDL’s)

Eachlaboratory determinesits own detectionlimits according toits own requirements. When major
differences in detection limits occur, an HDL is indicated for the particular laboratory in the Flagged
DataTable. An HDL indicates that low level analysis may not be comparable with the analyses of other
laboratories.

* reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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. & l Environment Environnement
g Canada Canada

Conservation and ~ Conservation et
Protection Protection

National Water Research Institute :
867 Lakeshore Road, P.O. Box 5050 Your file  Vétre rétérence

Burlington, Ontario ~
L7R 4A6 Our fle  Notre rétérence

November 15 Novembre, 1990.

"To/A: Participants & Managers/Gestionnaires:
Federal-Provincial Quality Assurance Program
Programme d’Assurance—Qualité Fédéral-Provincial (PAQFP)

Final Report/Rapport Dernier: FPQA Studies/Etudes 55-56

| have enclosed the final report for the above mentioned studies. |

This final report assists laboratory heads and managers in evaluating their laboratories perform-
ance relative to others. In Table 1, laboratories are ranked according to the % of results flagged.
In case of poor performance, internal QC procedures for the parameters listed in the Flagged
Results Table (Table 2) should be reviewed. These tables of Flagged Resuits and Summary of
Flagged Results will give a more complete indication of laboratory performance or improvement.

Please note thatthe Data Summary has been condensed. Methodology codes which make up the
bulk of this data table, have been excluded. If itis necessary to check on methodologies, these
can be found in the second preliminary data evaluation (RAB # 90-14b, September 19).

If you have any comments on this report, or any legitimate corrections to the database, please do
hot hesitate to communicate them.

Vous trouverez en annexe le résumé demier des études susmentionées.

Ce rapport dernier aide les responsables et les gestionnaires évaluer la performance de leur
laboratoire. Dan- Tableau 1, la performance des laboratoires est rangé avec le pourcentage des
résultats indiqué:. Sila performance est pauvre, le 'QC’ du laboratoire devrait étre réviser. Les
Tableaux 1 et I donneront un meilleur indication de la performance et 1'amélioration du
laboratoire.

On pouvait voir que Le Résumé de Donnés était condensé. Les codes de méthodologie qui
normalement complétent la plupart de ce resumé étaient exclu. S'il faut necessaire voir des
methodologies, on pouvait les voir dans la deuxiéme evaluation préliminaire de donnés (RAB
# 90-14b, le 19 Septembre. Nous apprécierons tout commentaire pouvant permettre d'améliorer
la qualité du présent rapport et de ceux qui suivront.

Hern .

H. Alkema
Q A Chemist
Research & Applications Branch

Attachment: Distribution List
En annexe: Liste de diffusion
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FEDERAL PROVINCIAL QUALITY ASSURANCE PROGRAM

STUDIES 55 AND 56
for July and August 1990

TRACE METALS, MAJOR IONS, NUTRIENTS
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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 FP program. This report summarizes the most recent FP interlaboratory quality assurance
studies: FP 55 and 56, for the months July and August, 1990. These two studies dealt with trace
metals, xhajor ions, nutrients and physical parameters. The concentrations were high for trace

metals and low to medium for major ions.
Study Desi,

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 measuremeﬁts. The following is a breakdown of the five samples:

FP 55 - Sample 1 - 125 ml, high level* for trace metals (3% HNOs)
Sample 2 - up to 1 L, major ions etc., stored at 4'c

FP 56 - Sample 3 - 1 L, low level* for trace metals (0.2% HN03)
Samples 4 & 5 - up to | L, 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 reported as required by the standard report sheets provided with the QA samples.



2
Submitted 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 (RAB # 90-14), including problematic results,
were sent September 6, and September 19. Each laboratory was given three weeks to notify us

“of any errors in data transcription, compilation, or flags.
Performance Indicators

In the Federal Provincial QA program, two types of reference samples are used for the
accuracy assessment. These are Reference Waters (RMs) and Certified Reference waters
(CRMs) which have Design Values for the stable parameters. Also, regional samples are used
occasionally as natural representative samples. The means for these regional samples, and the

Design Values for the reference waters are used to test each reported result for accuracy.

Percentage deviations from the reference values are used as an indication by the laboratory
head to determine the extent of the discrepancies between the laboratory result and the reference
value, 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 the greater of 10% or 1 standard deviation from the
reference value is marked with an asterisk in the Data Summary. and its value tabulated in the
" flagged data 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.

= The Data Summary is condensed for this report; for methodologies please see RAB # 90-14b




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 an '"HDL' and is tabulated for each laboratory in
Table 2. If, 6n 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.
Three tables list laboratory data evaluations and performance. They are as follows:

Table 1: a summary of flagged results ranked according to the % results flagged. This
summary will assist lab managers and heads in evaluating their performance

relative to others.

Table 2: provides a listing of flagged results according to the performance indicators - the
principal one being the 10% - 1 Std. Dev. Rule. Also included are Grubbs'’
Rejectables and the high detection limits. Newly included .in this table is the

acceptable deviation for the 10% - 1 Std Dev. Rule.

Table 3: Lists those analytes for which there was a high standard deviation (HSD). In
other words, there were at least several erratic results reported. Some reasons for
the HSD may include low concentration, lack of analyte stability, or a non-

sensitive methodology.



Note: Evaluations for each result submitted relative to design values or means are now
fully automated. Further information for treatment of data may be found in our

QA Manual: A Manual for Effectiv‘e Interlaboratory Quality Assurance,
NWRI # 89-99. '

Provincial (and private) laboratories average number of deviations per sample was 1.4.

Federal laboratories (one lab excluded) average number of deviations per sample was 0.9,




TABLE 1:

LAB

7
24
3
21
15
9
10
1
20
2
8
11
13
19
14
6
16

NOTE:

FP & PPWB LABS - SUMMARY OF FLAGGED

RESULTS

REPORTED

30
42
28
91
68
67
64
87
86
11
69
83
69
44
14
39
45
81

>10% OR 18D

FLAGS FLAGS

GRUBBS ~ HDL'S
INDICATED

DATA - FP b5 FP

56

% DATA
FLAGGED

0 0
0 0
1 0
-4 0
4 0
4 1
4 1
6 0
6 0
6 3
6 0
9 2
8 3
7 0
14 5
9 3
16 8
32 13

FLAGS GUIDELINE (PERFORMANCE INDEX)

”~

5%
10%

- 25%

25%

EXCELLENT TO VERY GOOD
MODERATE PERFORMANCE
POOR PERFORMANCE

VERY POOR
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18.9
23.1
35.6
39.5



TABLE 2:

10

11

13

FLAGGED  ACCEPT

RESULT  DEVIAT
TEN -35%  26%

SI  -20%  10%
poC  -51%  32%

K -97% L 10%
HDL: K
™  19%  10%
F 42%  16%
NO FLAGGED RESULTS
NO3  -15%  10%
NA  56%  16%
K 43% R 20%
NA  20%  10%
HARD 21% R 10%
K 14%  10%
HDL: 504
NO FLAGGED RESULTS
AL 12%  10%
F 36%  16%
DIC 13% 10%
HDL: DOC TKN
NO3  13%  10%
K 14%  10%
TN  -19%  10%
ZN 29%  15%
HDL: TP  NH3
CU  49% R 10%
MN  -26%  15%
K6 -17%  10%
o  -11%  10%
CL  19%  16%
K 14%  10%
HDL: NH3

FLAGGED  ACCEPT
RESULT DEVIAT
NA  -22%  16%
DIC -13%  10%
pIC  12%  10%
™  -28%  10%
-S04 -29%  10%
NE3 400% R 67%
MG 45% R 10%
NH3 167%  10%
MG 37% R 10%
NA 12%  10%
DIC  12%  10%
S04 -34% R 10%
S04 -15%  10%
K 13%  10%
C0  -12%  10%
MO  -13%  10%
SI  -91% R 10%
FE  -26%  15%
S04  12%  10%
NO3 -11%  10%
TP 63%  61%

FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 55-56

.../Page 2

FLAGGED  ACCEPT
RESULT DEVIAT
NA  -20%  10%
NA  -18% 10%
F 7%  16%
S04  -15%  10%
CL -29%  16%
"HARD 16%  10%
CL 106% R 16%
F 57%  16%
NH3 1233% R 133%
MG 108% R 10%
AL 21%  15%
CL -28% R 10%
K -18% 10%
HARD 52% R 10%
NI -12%  10%
" F 57% 16%
S04 116% R 10%
F 21% 16%
TP 122% 111%
TP 131%  115%



Page 2

LAB  FLAGGED  ACCEPT FLAGGED  ACCEPT FLAGGED  ACCEPT
RESULT DEVIAT RESULT DEVIAT RESULT DEVIAT

14 PB -19% R 10%  CL  21%  16% U -20%  15%
PB -76% R 15% HARD -12%  10% S04  16%  10%
CA  -12%  10% NO3 -78% R 33% ALK 17%  10%

15 €  -11%  10% ZIN 765 R 15% DOC  96%  78%
DIC  13%  10%
HDL: PB

16 CR  30%  10% MY 41% R 10% FE  14%  10%
cU 11%  10% ZN  20% R 10% SR 31% R 10%
BA  11%  10% TRN  199% R 26% NA  -22%  16%
SI  -15%  10% S04 517% R 10% CL  691% R 16%
CA  22% R 10% v 69% R 10% CR  24%  15%
MN  68% R 15% FE  20%  15% SR -13%  10%
MO 14%  10% O 19%  10% PB 31% R .15%
DIC  15%  10% TKN  321% R 21% F 31%  16%
S04  41% R 10% CL  45% R 105 K  -11%  10%
DIC  19%  10% NA  -14%  10% S04  22%  10%
K  -15%  10% CA  11%  10%
HDL: NH3

19 CR  -22%  10% DOC -100% R 32% TRN  30%  26%
NH3 - 900% R 67% S04  40%  10% K 66% R 20%
O 12%  10% NI 21%  10% COND -38% R 10%
TRN  =79% L 21% SI 125 10% S04 -11%  10%
COND -36% R 10% K 23%  10%
HDL: TP PB  NH3

20 CR  -36%  10% TURB 1783% R 177% TURB 590% R 138%
F 26%  16% TURB 774% R 175% ALK 22%  10%

21 NO3  15%  10% COND -11% 10%  F 21%  16%

MG -13% 10%
24 FE 18% 15%

NOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE
OF POOR PERFORMANCE. ON THE OTHER HAND, LABS WITH 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 AN IRREGULARITY. AN "L" FLAG INDICATES A 'LESS THAN'
RESULT LOWER THAN THE REFERENCE VALUE.



DoC

DOC

AT
AT
AT

AT

1.234
.028
.888
.511

PPM
PPM
PPN

PPM




APPENDIX I

Definitions of Types of Metals Analyéis

1. DA - Direct Aspiration

Vithout 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 lov level analysis

AnalySisiis carried out by one of the following methods:

1. Solvent extraction sample concentration followed by AAS.

2. Digestion and concentration of aquéous phaSe followved by
ICAP. |

3. Digestion of aqueous phase and ICAP analysis.

4. Graphite tube (flameless) AAS.



APPENDIX Il

Performance Indicators

1. Flagged Results

As a first indication that analysis results are appreciably deviant from the expected value, each
submitted resultis tested with the 10% - 1 Standard Deviation Rule. When a resultis found to deviate
more than 10%, or more than 1 standard deviation when this is greater than 10%, the resultis flagged

with an asterisk in the Data Summary and tabled for that laboratory in the Flagged Data Table.
Typically at low levels the 10% criteria is too small and the 1 standard deviation criteria effectively
indicates deviant analytical results. As performance indicator, the flagged results indicate to
laboratory heads that in-house QC procedures and general procedures need to be investigated.
Results may still be comparable.

2. Grubbs’ Reiectablg Results

For every constituent (parameter), each laboratory resultis statisticallytested to seeifitis out_l_ying.
Outlying results are caused by non random causes such as a faulty calibration or incorrect
transcription. These outlying results, calculated by the Grubbs’ procedure*, and indicatedinthe data
tables with an ‘R’, are non-comparable with the other data for that constituent.

3. AHigh Standard Deviation for.a Constituent

Occasionally data for a difficultto analyze constituent yields a very high relative standard deviation
(RSD). When a high RSD is not due to outlying results, there are non-comparable resuits within the
data set. (Euphemistically speaking, there are erratic resuits.) In such cases, the RSD for that
parameter is indicated in Table 3, entitled: High Standard Deviations.

4. High Detection Limits (HDL's)

Eachlaboratory determines its own detection limits according toits own requirements. When major
differences in detection limits occur, an HDL is indicated for the particular laboratory in the Flagged
Data Table. An HDL indicates that low level analysis may not be comparable with the analyses of other
laboratories. ' '

* reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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TURBIDITY IN JTU OR NTU

SILICA IN §102,

/L _OF EACH ELEMENT, THE EXCEPTIONS BEING

+ CONDUCTIVITY IN USIE/CM

ANALYSES IN ®N", ALKALINITY & HARDNESS IN CACO3,

ALL CONCENTRATION UNITS ARE_EXPRESSED IN MG

COLOUR IN RELATIVE UNITS

DATES RECEIVED
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Think Recycling!
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