
O\(>'_- \~\ °\ 

£4 

~ "»;\®Y ,n ~ 

sa 

1% 2%» »;w W, 

‘(Y u ‘Y I‘ v 

__iW;§,..~.$ 

TD. 
226 

La 

.,¢ V. M 1w’ ;~ W» "5 s ” '< ‘ 
* ‘ 

_M,. l@,";. 1¢ X .»,‘ X 
“YD * 

I\Lfl( x 

__ ___ _=-‘__—._-_;1——' . 

cgsa K 

JAN 11 1991 

LBBRARY 

_~__--—

I 

~§;§§_ ‘aw; " ' 

p $ t 35* '¥K“ **‘€‘»§*“5* “V xv *5 M“ 
~ “K 

. 
' »-I» _ 6 < ~ ;¢ ) % 4, a~w;m@ »<s' ‘flv ’“ ‘ 

‘ ‘ ‘ ~ 
, “

Q A A , M W y \§§-\~\;§\,.»*§; w;W=@;Jm?m ;~ , _,§§“;Wf“F" 
7 ‘ ' 

2
< 

* 
)(~|“,.(k »x '81 ~_ 2 I * 

‘ <°?4~ F‘ .4 

_\ _,, ,v , ,@ 1" * 

) ‘L 
\ ' U V 

= 
, 

,, ,; 1 '\ 1, 

4» » N‘ ~ " ” “ 

~
= 

I ,, . A4 . ‘.. ‘_~ , ‘ /.'I 
’TWT%1”\'»§§§‘,§§” if $1; 1;; ;r»>§yX§m§~>~§~ »=&a@~W>@w%l~»‘,7\:#»*@-»% W? '§ §§‘=

" 

~ 
W»M¥‘°*‘%’¥* -@“’<£ - * fr ; ff W51 4% Q1 8%‘ 3 ,5; <’¢.5>§¢ W55 9‘ \€;m;‘g*-<3\1’Y,'€>‘»;é<~»‘Y$§f*:§:‘Z 31;: <5? z; ~<e,w;- ~§;~v~ N87 . ;€W§M%%;,,(@§§@»@_ §g¢=@,;2:@;;,§~w»¢<~»a:~¢<wz§»;»:¢-M»aW@% 

90- I 

gM;;m§$Q§»;g§ =¢,s>»§ ¢, *;>'~<> Mi; =%,*»;* W ~ 

- ' 
‘ L 1;" g A, ’~ ‘._AN3‘*,§:;m» <§w’§4a§»~,§ .€\*.< 11% ~"‘ *3‘ 

, N . Y Q . , 

149 - 

' W 
' 

% 
‘W » ’* °“ I J Q “ Q 

J’ >‘ 

K -s Q_1 M. W
. 

pv 

‘
‘ 

/ fig.

fl 
*1» ~ R 1 ¢~ < 

1/§‘“@s:'»@‘Y*%w~~ * ~ 

.. , .>~.,~;§,' QT 1; #5:»; Q» aw: >,~-= . »~ ; §€,w '1 - 

' w'§>‘3“ ”‘*.'“‘“‘ 
.< 

' ' 

\ *3 » @:,‘@;%"'Vl:»;¥,°‘% ,7 6 *7 W M 9 N ‘ F V A » 

M $3,»? ¢5..;;; Q“ &y,.;;;;;@@;»»;»,.;g;~§;>w;~r§;»T§\£*'$~a,5 ., 
\ -= 

k 
~¢;~¢;;,> ;a 

~ 1‘ ~§ »~¢' 1@~{»~;<>,1f,'~: = 
‘ 

‘ 
I 

,_,;~7P‘W_ 
L ,. 3% fix 9;, M $I§_{;,.*,§fla,7g;;4$ gm kg Agawfi ;§= Y2 KY v; M»: »» '»<1;J§.~ “ j_ 

Yodv M» Q V ,§;~W§~;>¢;@~:Yw§§“»;%,@'§E§=§-4¢-xsxjgzwsé %°~N>?"%§**§§f§_§‘§&~2dl‘§%@»$3’P 4 

* 
R Q,‘ 

* 

, Mg ( 
~

. “ ~»:>'~ 9/ .~ L V~ 
L 

‘JV ; U4, "_ 
,,v W;§_ Q: ,¢_ ‘ 7 ~ 

*.~,~,.k W-5‘, §.;,;».:¢ M‘ W5 
I 

~ 
;. 

~» ~ ‘xv 
A 

, \- 

éi‘

= 

. u , 

;, 
’ 1 » 

'!| \ , \ » 

)< "<7 @VJ Y,” 5 
v»¢$»§ * ”* 

3 t, S »@ W ‘ 

» ,,a=~¢ 1 » \ _. 
2 , $ A 4) 

I 
Y. ~,, 

‘f--wig,‘ N» maw $5 WWI? ¢f»~"<§ 
‘ 

*‘*“f“?“ 

.5,,,,w’ 

=¥%*§<"

~ 
K, ;m 

145 -, 4 ‘ 

w,$.>€‘ 

3, 
X,;<:3:\~ 

fig 2%> mé ms M <1$*m* »é»@-~. ' 

-;1 

\i 

‘ft 

5; 
EMHW? 

44%
2

- 

-<31 

‘ 

M4 

aw.-4 » ~fw~'~§~\@'~§P*é"*§l€# wé $¢§¢, @s.¢§;4é~ @r’“@""’?"“*-~*“—v:».: ' 
N 

1 ’ g 

2
X 

@;» 

~:\ '~*.§/W 
1* W6 .<) ( M '~ 

» *1‘ 1‘ “* 3‘ H 1?"? 
; 

’ 
4? S I4 “\ 

X 8* :>§1x*@'§'~$-°f-5‘ Fia 1%; :*~e§*~@‘:w.*; * " " 
Q K A Q Q A 

“ " 

{J} 
is 

‘*2? uw <
~ 

»
i 

r‘\ b- L 4, 
4 gg; 1*§§~/*3; 13;; W-'3? ?~§»*~»i‘3~§'"~’ W 

V 

~ * ' 

V‘ 

“’ 
»&>; W1 £1 *&~@'»~§»=§@‘%~’»@§'1 ~ ‘ “ “ ‘ " ‘ 

» ¢ 
l 

* " 

lg; J2 i 

’ 

! j 

». 

.*R»@ 

u 1 

__/ .,_; _ , 
- »~ _ ¢ <k 

~ 

_ 
. ,» 3 ,- flflufi 

X‘ .,,,,Q,,.@; Qv~‘Ll ,3 . 
~ wv 

. .,,,__4M was -.»< It 3 *
.

g

m , L, 1%,; M %@:»§§§’;;5:,;;;“¢€:s4§§T‘<‘? s‘~».s§w‘§fl~<mM;;%: zi:?~w.3>;w$;8i%‘@‘£*‘i“!¢z¢"“‘*”"'>i1"'=”"“*f§ W ~<' 2“"'*<r “S > *"“"”*'*;’ “ ‘ " W “KL _ , H11 - V 1'1 <
‘

V 
64% 

"@~;;~*»,;+<;~ W Fg/iv 
I 

.£.’ I
- 

' 

;w»§,,,,4,. :3: \s_¢ 5, 
f 

w sms§;¢ 5 '_ ‘ 
h

I 

2-: ,,;,'g,,>,V ,v;§?&?.. 7 ,§,q§;3W<>§4:-§;2§s‘»§’§A»*,§s¥»g@‘§»,.§ »r&f*%*;@ 
‘, 

,1; ,;W;W ;g:“;¢.;\ =3 +4 
j g 4‘ ~ (S 

)1 ff“ f“ 

MM/P;w!§»1,»,*:;@:~§¢=*:%F&I#*\P~%?‘”‘{“ %1fl 
“ M “ W ‘ 

‘fl 

/7 " 
§§=€s;@

* 

W Q, V/MM; §;~@,m,§s.A;3, gw §~~ 

1:51-¢s€:~Y»-wily “:2 A: W“ ‘wfié *5, "~‘ 

S, 
, V , ,, _ ,, 

§ , , 
~- 

. 3,‘ A , P§r<»v am .»¢,..M‘,"§‘ wgw "‘€'\z/I-'\E'$)‘v5iQx\I ;»>~,;¢»;:2:-<¢;~*€~wa~x 1 wk?’ , ,1,/wk fil ~ I ~ 

; \£‘»@s~ _M »w»»~~"*“~*” “l“'*"‘¢ 
~; ~“~ §~ 

*‘ ii’ ¥ "*\ ‘ rm‘ ,3 7 ‘ Y’ 
*6» ~ v 

~ 
~ 1 " 

1 

‘ 

: 
~

. 

_ A3? é‘ gxfi‘ 4,,§,_{~;€fi,m ,,.y\~_;:$ 
» 

. ,4 ,)\ » A > 4 M vi I , 

. . _,_______ _ _ M Eh F“ ‘~ 2 ,5? n. 
,6; J i, __ g 

\_ M§Y V ~‘ .
‘ 

;
M -—- ’ 

?§h§Q(>¢”;§\<'%6,? ‘§", ~‘§“1*»‘ "‘*"§*‘*"$” ‘Y; ;~ §~*§,<;N;{_§;~-%:,;¢;,,,1~ » W ‘ X' » ~ 
. 

‘ 
,' K; 

‘ V 
, ~ 

Jr 
I 

’. 
,. \ fa; 7*,» W aq<=‘<v,.1 37‘ mg X-W ,A(4‘Y>.:::;<” ("W $1 ,4 

' T1 m-SM. .~ * 

5 .= f~:~‘ 
K 

'9, f‘ 
, __a "jlrf _,;‘;}> 3;" Q 

~ MW, Q3» $1» M 3,4;-Q-‘:1; ¢Wm@',»§ _;>~\>,,~1»%»-f§§,~*"¢»¢*¢»,1,_\ .
- 

5‘ 

i
I

1 

@¥ 
Y‘? 

f’: $1, . ‘{ ”&~;rZ3»?@ L~»¥:>§§w:~»?~*€$**§"¥$’“€°?‘§i‘“§”’§? ‘§‘“§*§”::‘
- 

WgA;@,,,%;§i Q W§~-?“ %,» 3; -* ' " ‘ ' 

§ 9 Q‘ 5 ' 

» =~1;?»@% @mw§¢,w§z $1 
“ 

\\;*‘“»»°¥ §%, 

@»>

1

$ §~ 

$}w

< 

Jfi" 

+§
4 
Qiéx 

$9 2;‘ 

V. 

\=<I€ 
#3 tgk

W

z 

wQ *5 

@‘<€¢= 

M» WW §R;?~;:~m; >x:‘°‘hv J2 “R Q 3?, gm a$»*%<*?§§@ 
@;1>@wn% ggaéfww 

<2‘ sm $2 * * “ 

- M »»¢ 45/» Xwll , 4m “s 

*1»; M .§
‘ 

»w@@ :@ *W“ 

$WN@,g_§,_§ Qflgy ’:,¢;.\.( §/,:,@V.,, 44 gwgsw wk k+;w*1§ma>v K 1?; ‘@3§ $3?“ 1 '5‘ \ 
"

< :2 Y 

. 

6»

x 

m1“é 

$¢ % 

ggg 

‘*§ 

?“

Q 

3? 

~n¢§§a1,~; 

R/» 

Z‘ 

x 

‘ 

¢z- 

*4 

Q3 

vi“ 

93$ 

—_ gp

M 1 Q 5*"? ' 

»%®=§? ‘”'

X 
$4?‘ 

fig; 

Eéfi 

fir; 

=\§- 
Ia

’ 

~»>“/M;-!?*~w,; < I 1* ' 

h Lsjy.-,&_N1 9% Q19. »,;»»¢. A ~§ ~-§& w % A e , . . A? 
,,~¢~%;¢§§;g:,“s§§@,w<.{§a@@rtv;14,:;>~#$‘€»,gwéikrw' 

‘)3? :%"~ we» 5% 7%“ §
V 

'

é 

) 
v 

in ‘,5 “E gr, we *3? 

)7 , 5 . ; 5 .W%‘ W »§**">"><-’*“'>»?'@ ff 
N4 ,¢‘ swgwg P"é;~ ‘:5 »>~"> $ ~”%‘ ’*i¥%;;§“ 

§ wfiww . It V V 

x 1 “§ T342» A‘ .1...» 
4, 

1§i~»#§?*»%§»" '



REEARCH &. APPLICATIONS BRANCH 

ANNUAL REPORT 

PRAIRIE PROVINCE QUALITY ASSURANCE PROGRAM 

STUDIB 85 TO 96 

for September 1989 to August 1990 

' TRACE METALS, MAJOR IONS, 
AND PHYSICAL PARAMETERS IN SURFACE WATERS 

by 

H. Alkema 

Quality Assurance Project 
Research & Applications Branch 

National Water Research Institute 
Burlington, Ontario 

December 1990



Management Perspective 
Interlaboratory QA Studies, PP85 — PP96 

Under the auspices of the Prairie Provinces Water 
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, Saskatchewan 
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 1989 to August 1990. 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. 

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. However, one laboratory 
continued to have an excessive number of flagged results 
and generally failed to make improvements in its weak 
areas. 

Dr. J. Lawrence 
Director 
Research & Applications Branch
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PERSPECTIVE DE GESTION 
Etudes.AQ Interlaboratoire PP85 + PP96 

Sur les auspices du Conseil des Eaux des Provinces de 
Prairie, un programme d'assurance de la qualité a été 
initié pour évaluer améliorer la comparabilité des 
résultats d'ana1yse des eaux de surface émenant des 
laboratoires du Division de Qualité des Eaux a Saskatoon 
et du Laboratoire National de Qualité des Eaux, ainsi des 
laboratoires provincials de 1'Alberta, Saskatchewan, et 
Manitaoba. 

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 Aoflt 1990 (soit une 
tous les deux mois) . Ces ét-udes ont été porté sur 
1‘ana1yse des composés métalliques a 1'état de trace, des 
principaux ions, des substances nutratives et des 
parametres physiques a partir d‘un éventail d'échantil1ons 
typiques. _ 

Dans 1e rapport annuel, on présente et on évalue les 
données que nous ont fournies de quinzaine laboratoires 
(pour la période précitée) ayant eu a determiner 40 
parametres en faisant appel a deux centaines environs de 
méthodes analytiques différentes. 

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‘i1s doivent 
réevaluer les méthodes de controle interne de la qualité 
et produire des données plus exactes. Cependent, un 
laboratoire a continue d‘avoir un nombre excessif de 
résultats erronés (indiqués *) et n'ont jamais montrés 
d'amé1ioration de leurs points faibles. 

Dr. J. Lawrence 
Directeur - 

Direction de la Recherche et des Applications
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ABSTRACT 

This compiled report of twelve quality assurance 
studies evaluates the chemical analysis of surface waters 
for laboratories in the Prairie Provinces Quality 
Assurance (PPQA) program. This report, which covers the period from September 1989 to August 1990 (QA studies PP 
85 to PP 96), 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 levels. The other 
half of the samples are analyzed 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 
kin 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 conclusion, summarizes laboratory ’performance. Good performance (and comparability) 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. One laboratory in the PPQA program continued to have an excessive number of flagged results and has generally failed to make improvements.
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RESUME 

Ce rapport annuel regroupant douze études sur 1e 
controle de la qualité (CQ) présente une évaluation de 
1'ana1yse chimique des eaux de surface pour les 
laboratoires des Provinces de Prairie, Dans ce rapport 
couvrant la période de Septembre 1989 a Aoflt 1990 (études 
CQ PP85 a PP96), on décrit les aspects suivant du controle 
se la qualité: conception des études, traitment des 
données, indicateurs d‘exactitude et commentaires sur la 
performance individuelle des laboratoires. 

Une étude bimestrielle individuelle porte sur quatre 
ou cinq échantillons de référence de valeurs connues. On 
utilise la moitié de ces échantillons pour analyser 1a 
teneur en métaux a 1'état de trace a deux niveaux. Les 
laboratoires utilisent l'autre moitié des échantillons 
pour faire rapport sur 25 principaux ions, des substances 
nutratives et des paramétres physiques a partir d'un 
éventail d'échanti1lons typiques. Environs 200 
methodologies d'ana1yse et résultats individuelles sont 
ensuite rassemblés dans un résumé des données. Puisque 
les autres laboratoires des programmes de controle de la 
qualité analysent les memes échantillons, on peut, grace 
aux résultats présentés, faire les analyses statistiques 
plus précises possibles. 

la conclusion de chaque rapport bimestriel, on 
trouve 1u1 résumé de la performance des laboratoires. 
L'absence de résultats indiqués indique une ‘bonne 
performance (et la comparabilité des données). S'i1 y a 
_p1usieurs résultats indiqués, c'est que la performance a 
été plus faibles. On indique aux résultats en fonction de 
deux critéres: s‘i1s divergent de plus de test de 10% ou 
1e deviation standard et, selon de Grubbs, ils sont des 
valeurs statistiques rejetées. 

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‘i1s doivent 
réevaluer les méthodes de controle interne de la qualité 
et produire des données plus exactes. Cependent, un 
laboratoire a continué d‘avoir un nombre excessif de résultats erronés (indiqés *) et n'ont jamais montrés 
d'amélioration de leurs points faibles.



¢ Environment Environnement 
Canada Canada 
Consen/ation and Conservation et 
Protection Protection 

Canada Centre for Inland Waters 
National Water Research Institute

_ Roadi 13.0. Box 5050 Your lrle Votre reference 

Burlington, Ontario 
V 
6 Our lr/e Nblre reference 

January 5, 1990. 

To: Participants & Managers in: 

Prairie..Provinces Quality Assurance Program (PPQA) ' 

I have enclosed the final report for PP 85-86. 
There are two noteworthy additions to this final report. The first is a summary of flagged results which can assist managers and laboratory heads in evaluating their laboratory's performance 
relative to others. In this table, laboratories are ranked according to the % of results flagged. In 
case of poor performance, the internal QC procedures for the parameters listed in the Flagged 
Results Table should be reviewed. The second addition is that the Prairie Provinces laboratories 
are no longer listed in isolation of the other Fed-‘Prov laboratories. 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. 

w‘4@M<;4L 
H. Alkema 
Quality Assurance Project 
Research & Applications Branch 

Participants & Managers: 

Dr. 1.]. Bergman I-G. Zakrevsky 
Sask. Prov. Water Laboratory Western 8: Northern Region WQB 
Dr. F.P. Dieken Mr, G.W. Duxm 
Alberta Water Analysis Res. Sta. Prairie Province Water Board 

E.A. Sorba ~ Mr. A.S.Y. Chan 
Manitoba Technical Services Lab NWRI, CCIW 
Dr. Wo Yuan 
Saskatchewan Research 

Canadfif
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STUDIES 85 AND 86 

for September and October 1989 

TRACE METALS, MAJOR IONS, NUTRIENTS 
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1. 

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 85 and 86, for the months September and October, 1989. These two studies dealt 

with trace metals, major ions, nutriems and physical parameters. The concentrations were from 

medium to high, 

Stugy Desgn 

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 tour samples: 

PP 85 — Sample 1 - 125 _r_nl, high level‘ for trace metals (3% HNO,) 

Sample 2 — up to 1L, major ions etc., stored at 4°C 

PP 86 - Sample 3 -_ '1L, low level‘ tor trace metals (0.2% HNO,) 

Sample 4_- up to 1L, major ions, etc., stored at 4°C 

' tor definitions see Appendix 1 

Treatment Of D818 

Each laboratory was asked to perlorm only those analyses which were routine to their 

particular laboratory, using the general methodology guidelines listed above. Results for these 

analyses were recorded 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)
'

W



Preliminary data summaries (RAB # 89-20), including problematic results, were sent November 

8, and November 24, 1989. Each laboratory was given three weeks to notify us of any errors in 

data transcription, compilation, or flags. 

Perfomtance 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 occasionally as natural reference 

samples. The means for- the regional samples, and the Design Values for the reference waters 

are used to test each reported result for accuracy. 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to determine the extent of the discrepancies betweenthe laboratory result and 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 tables and its value tabulated in the flagged 

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

are not used in the statistical calculations. Performance igndicators are fully explained in Appendix 

ll. 

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 particula_r laboratory, then that detection 

limit is too high. Such a result is assigned 'HDL', and is tabulated for each laboratory in Table 

1.
'

l

l



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 oi 

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 

tor which there was a high standard deviation (T able 2). Formerly called a high ojoetficient 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 

PP 67), and should provide a more accurate and oonsistem listing of the difficult to analyze 

parameters or levels. A listing oi the criteria used to indicate high deviation of analysis is 

available on request. Your comments would be appreciated. ' 

PPWB laboratories average number of deviations per sample was 2.3
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TABLE 1: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 45-46 

LAB 

LAB 

LAB 

LAB 
LAB 

LAB 

LAB 
LAB 

LAB 
LAB 

LAB 

LAB 
LAB 
LAB 

LAB 

FLAGS 
FLAGS 

FLAGS 

FLAGS 
FLAGS 

FLAGS 

HDL 
FLAGS 
FLAGS 

HDL 

FLAGS 
FLAGS 
HDL 
FLAGS 
HDL 
FLAGS 
FLAGS 
FLAGS 
HDL 
FLAGS 

D I C -17% 

MANGNESE % 
D O C -32% 

1 N nxs 
AMMONIA 
T N DIS 

NITRATE 
CHLORIDE 
TKN 
TOT P 
NITRATE 
VANADIUM 
ALKLINTY 
ALUMINUM 
ZINC 
D I C 
PTASSIUM 
COPPER 
PTASSIUM 
ALUMINUM 
COPPER 
TKN 
ALUMINUM 
COPPER 
CHROMIUM 
TOT P 

CHROMIUM 
CHROMIUM 
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LAB 19 FLAGS 

HDL 

LAB 20 FLAGS 

LAB 21 "FLAGS 

CHROMIUM 
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COPPER 
AMMONIA 
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TURBIDTY 
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Page 2 

AMONIA -29% 
ALUMINUM -18% 
CALCIUM 17% 
LEAD 

‘TOT N -16% 
CHROMIUM 70% 

ZINC 559% 
AMMONIA 134% 
SILICA -25% 

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.



Y

Y 

TABLE Z: HIGH STANDARD DEVIATION 

PARAMETER DEVEL 

'1‘ N ms ‘ AT 1.990 PPM 
CHLORIDE AT 122 . 450 PPM 

1; 0 c AT 1.628 PPM
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j, 

Table 3: 

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

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

14 19 

9 so 

1 66 

3 70 

15 62 
' 

1o 66 
A 

2 52 

11 52 

20 59 

7 27 

13 26 

6 60 

19 66 

4 2o 

5 32 

21 45 

a 56 
16 64 

0 0 

1 0 

O 0 

0 0 

3 61 

0 3 

1 0 

0 2 

3 0 

0 0 

0 0 

2 1 

1 5 

0 0 

1 0 

1 0 

1 7 

9 0 

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 

2

4 

5

6

8

9

9 

10 

11 

11 

13 

13 

15 

15 

2-0 

28 

39.

o

o

5 

'1

5

s

6

6 

2

1 

5. 

3

6

o

6 

o

6

1



APPENDIX I 

Definitions of Tzpes 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. LOB LEVEL ’Aruu.1sj1s 

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. cEl§gged Results A 

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. Vhen 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' Rejgg¥§hlg7B§SU1tS 

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. Aufligh Standard Deviation for a Parameter 

Occasionally data for a difficult to analyse parameter yields a very 
high relative standard deviation (RSD). Vhen 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.

I 

4. High Detection Limits (flDLfs) 

Each laboratory determines its own detection limits according to its 
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, 19.69, p. 1.
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March 8, 1990. 

To: Participants 8: Managers in: 

Prairie Provinces Quality Assurance Program (PPQA) 

I have enclosed the final report for PP 87-88. 

There are two noteworthy additions to this final report. The first is a summary of flagged results 
which can assist managers and laboratory heads in evaluating their laboratory's performance 
relative to others. In this table, laboratories are ranked according to the % of results flaggai. In 
case of poor performance, the intemal QC procedures for the parameters listed in the gged 
Results able should be reviewed. The second addition is that the Prairie Provinces laboratories 
are no longer listed in isolation of the other Fed-Prov laboratories. 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. 

ii”? as 
I-I. Alkema 
Quality Assurance Project 
Research & Applications Branch 

Participants &: Managers: 

Mr. J-G. 
Western 8: Northern Region WQB 

G,W. Dunn 
Prairie Province Water Board 

Mr. A.S.Y. Chau 
NWRI, CCIW 

Dr. l-J- Bergman" r. 

Sask. Prov. Water Laboratory 

Dr. F._P. Dieken 
Alberta Water Analysis Res. sa. 

Mr. E.A. Sorba 
Manitoba Technical Services Lab 

Dr. Wo Yuen 
Saskatchewan Research Council 

Canadii
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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 panicipating in the 

PPWB program. This report summarizes the most recent PPWB interiaboratory quality control 
studies: PP 87 and 8'8, 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 tor 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 87 — Sample 1 — 125 ml, high level‘ for trace metals (3% HNO,) 

Sample 2 — up to 1L, major ions etc., stored at 4°C 

PP 88 - Sample 3 - 1L, low level‘ for trace metals (0.2% HNO,) 
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 methodology guidelines listed above-. Results ior these 

analyses were recorded 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 tor 

all methods combined. These data, and the resulting statistics are presented in the Data 

Summary. (attached)
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Preliminary data summaries (RAB # 90-01), including problematic results, were sent January 

3, and February 12, 1989. Each laboratory was given three weeks to notify us of any errors in 

da__ta_ transcription, compilation, or flags. r 

Performance Indicators 

In the PPWB QA program, two types of reference samples are used for the accuracy 
assessment. Reference waters (RMs) and certified reference wafers (CFil_Vls) have Design Values 

for the stable parameters. Also, regional samples are used occasionally as natural reference 

samples. ‘Hie means for the regional samples, and the Design Values for the reference waters 

are used to test each reported result for accuracy. 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to determine the extent of the discrepancies between the laboratory result and 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 deviation from the 

reference value is marked with an asterisk in the data tables 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 

ll.
' 

Comments on Laboratory Perfomfance 

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 tabulated for each laboratory in Table 

3. r

-



if, on the other hand, the detection limit reported is tar lower than the mean or design value, 
then the use of ‘less than’ is clearly inadequate and the result is flagged low. This 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 ls 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 PP 67), and should provide a more accurate and consistent listing of the 
difficult to analyze parameters or levels. A listing of thje criteria used to indicate high deviation of 
analysis is available on request. Your comments would be appreciated. 

PPWB laboratories average number of deviations per sample was 3.6



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 

3 72 2 0 

11 52 3 2 

9 50 3 1 
21 49 4 3 

1o ea 6 
'

o 

4 22 2 o 

2 so s o 

7 2a 3 2 

1 as 9 2 

2o 64 9 1 

14 32 s 3 

1s vo 11 2 

13 31 s o 

6 s2 1s 1o 

a s1 1e e 

16 63 19 8 

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX) 

< 5% - EXCELLENT T0 VERY GOOD 
5 - 10% - MODERATE PERFORMANCE 

> 10% — IMPROVEMENT NECESSARY, GENERATION 
OF INCOMPARABLE DATA 

.0 

2.8 

5.8 

6.0 

8.2 

8.8 

9.1 

10.0 

10.7 

13.8 
14.1 
15.6“ 

15.7 

16.1 

25.8 
29.5 
30.2



TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 47-48 

LAB 

LAB 

LAB 
LAB 
LAB 
LAB 

LAB 
LAB 

LAB 

LAB 

LAB 
LAB 

LAB 

FLAGS 

FLAGS 
HDL 
FLAGS 
FLAGS 
FLAGS 
FLAGS 

HDL 
FLAGS 
FLAGS 

HDL 
FLAGS 
HDL 

,FLAGS 

HDL 
FLAGS 
FLAGS 
HDL 
FLAGS 

ZINC 
TOT P 
NITRATE 
T N DIS 
SILICA 
MANGNESE 
AMMONIA 
TOT P 

NONE 
TURBIDTY 
NITRATE 
TOT P 
D O C 
HARDNESS 
PTASSIUM 
VANADIUM 
MGNESIUM 
ALUMINUM 
TKN 
MGNESIUM 
IRON 
NITRATE_ 
mos P 
0 0 c 
ALUMINUM 
VANADIUM 
NICKEL 
MOLYBNUM 
COBALT 
T N nzs 
AMMONIA 
COPPER 
CADMIUM 
AMONIA 
AMMONIA 
MANGNESE 
CHLORIDE 

19% 
-78% 
-98% R 
33% 
15% 

13% 

117% 

271% R 
82% 

335% R 
96% R 
15% 

-21% R 

-74% R 
18% 
so%~n 
19% R 

21a%_ 
11%~ 
45% 

-49% L 

-14% 
-24% 

36% R 
-27% 
-50% L 

20% 
14% R 

NITRATE 
BLV"lNUM 
SODIUM 
TOT P 
PTASSIUM 
ZINC I 

FLUORIDE 
TOT P 

D O C 
HARDNESS 
PTASSIUM 
TKN 
SODIUM 
MOLYBNUM 
MGNESIUM 
COPPER 
NITRATE 
TOT P 
COPPER 
HARDNESS 
CHLORIDE 
ALUMINUM 
SGDIUM 
IRON 
COPPER 

canmzuu 
IRON 
mow 2 

IRON 
NITRATE 
sqoxum AMONIA 
COPPER 
ZINC 

-80% 
-34% 
-18% 
-78% 
11% 

28% 

58% 

107% 
20% 
-11% 
71% 

-18% 

-74% 

45% 
87% 
74% 
32% 
15% 
35% 

1023% 

-19% 
-69% 

135% 
-85% 
20% 

103% 
-28% 

gonzuu 
TOT P 

ALUMINUM 

TKN 
MGNESIUM 
zIN¢ 
NITRATE 
MGNESIUM 
LEAD 
SULFATE 
zznc 
aannnnss 
CALCIUM 
zxuc 
Mennszuu 
CALCIUM 
Maueuzsz 
SILICA 
COBALT 
ZINC 

D O C 
SILICA 

FLUORIDE 
SODIUM 

ZINC 

-13% 
82% 

-74% 
-19% 

275% 
66% 
33% 
11% 
48% 

12% 

25% 
17% 
18% 
86% 
18% 
19% 

13% 

-31% 
-14% 

1ee% 
13% 

46%

R 

R
R

R 

R
R
R
R 

R

R 

. . . ./2



LAB 15 

LAB 16 

LAB 19 
LAB 20 

LAB 21 

NOTE: 

FLAGS 

HDL 

FLAGS 

FLAGS 
FLAGS 

HDL 
FLAGS 

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 

VANADIUM 
D I'G 
ALUMINUM 
D I-C 
D O C 
NICKEL 
CHROMIUM 
NICKEL 
SILICA 
VANADIUM 
IRON 
TKN 
CALCIUM 

-95% 
-17% 
-34% 
-23% 

44: 
22% 

-21% 
41% 
57% 
14% 

-13s 

zxnc 
FLUORIDE 
ZINC 
SILICA 
VANADIUM 
MOLYBNUM 

25% 
-12% 
33% 

-15% 

37% 
70% 

-15% 
69% 
33% 

-23% 

MANGNESE 
ZINC 
CALCIUM 
CHROMIUM 
ZINC 
NITRATE 

NO RESULTS REPORTED 
CHROMIUM 
ZINC 
ALUMINUM 
VANADIUM 
MOLYBNUM 
PTASSIUM 

-37% R 
23% 

126% 

-16% R
R 29% 

IRON 30% 
SODIUM 59% 
SODIUM 133% 
MOLYBNUM 
PTASSIUM 30% 

ARE JUDGED TO HAVE VERX 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. 

D O C 
SILICA 
LEAD 
COBALT 

COBALT 
STRNTIUM 
ALUMINUM 
unnsnsss 
connucm 
SODIUM 

cqrpsa 
CHLORIDE 
cnnonxns 
BARIUM 
ALUMINUM 

Page 2 

-31% 
-16% 
-80% 

.18% 
15% 
40% 
63% 

-99% 
-18% 

-16% 
-37% 
-53% 

-19%
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TABLE 3: 

PARAMETER 

BORON 
T N DIS 
mom

' 

HIGH STANDARD DEVIATION 

LEVEL 

AT .045 PPM 
AT .330 PPM 
AT .006 PPM



APPENDIX I 

Definitions of Types of Hetals Analysis 

1. HIE! LEVEL ANALYSIS 

Usually vithout 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. L09 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 

Performancellndicators 

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 102, 
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 vindicate 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 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 (anus; 
.Each laboratory determines its own detection limits according to its 

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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To: Participants 81. Managers in: 

Prairie Provinces Quality Assurance Program (PPQA) 

I have enclosed the final report for PP 89-90. 

There are two noteworthy additions to this final report. The first is a summary 
of flagged results which can assist managers and laboratory heads in evaluating 
their laboratory's performance relative to others. In this table, laboratories are 
ranked according to the % of results flagged. In case of poor performance, the 
internal QC procedures for the parameters listed in the Flagged Results Table 
should be reviewed. The second addition is that the Prairie Provinces 
laboratories are no longer listed in isolation of the other Fed-Prov laboratories. 
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. 

H. Alkema 
Quality Assurance Project 
Research & Applications Branch 

Participants & Managers: 
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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 89 and 90, 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. 

$212222 ‘ 

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: 

PP 89 - Sample 1 - 125 ml, high level‘ for trace metals (3% HN03) 
Sample 2 — up to .1L, major ions etc., stored at 4°C 

PP 90 - Sample 3 — IL, low level‘ for trace metals (0.2% HNO3) 
Sample 4 - up to 1L, major ions, etc., stored at 4°C 

' 

for definitions see Appendix 1 

Treatment of Dna 

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 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 # 90-04), including problematic results, 
were sent March 7, and April 6, 1990. 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 occasionally as natural reference 

samples. The means fortthe regional samples, and the Design Values for the reference waters are 

used to test each reported result for accuracy. 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to determine the extent of the discrepancies between the laboratory result and 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 tables and its value tabulated in the flagged 

data table (Table l). Results reported withan "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 ‘I-IDL' and is tabulated for each laboratory in Table 

3. 

If, on the other hand, the detectionlimit 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 2. Formerly 
called a high coefiicient 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 PP 67), 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. 

PPWB laboratories average number of deviations per sample was 1.8.



TABLE 1: FP &APPWB LABS - SUMMARY 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. 

7 28 0 ’ 0 0 

20 59 2 ' 1 0 

9 52 2 0 0 

3 70 3 0 0 

11 52 3 1 0 

21 48 3 0 0 

10 67 5 0 3 

1 62 5 0 0 

8 60 6 0 1 

13 32 4 2 1 

15 64 8 5 2 

Z 47 6 0 0 

6 60 11 7 1 

19 40 10 4 1 

14 31 9 3 O 

V216 62 21 a o 

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX) 
______----__--__----—_______—--.-___ 

< 5% — .EXCELLENT TO VERY GOOD 
5 - 10% - MODERATE PERFORMANCE 

) 10% - IMPROVEMENT NECESSARY, GENERATION 
OF INCOMPARABLE DATA

3 

3.

4
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12 

12 

18 

25 

29 

43 

0°

0 
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8
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8

3

5

1

O

5

5

8
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.0 

.0
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TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS — STUDIES FP 49-50 

LAB 1 FLAGS 

LAB 2 FLAGS 

LAB 3 FLAGS 

LAB 4 FLAGS 

LAB 6 FLAGS 

HDL 

. LAB 7 FLAGS 

LAB 8 FLAGS 

HDL 

LAB 9 

LAB 10 

FLAGS 

FLAGS 

HDL 

LAB 11 FLAGS 

LAB 13 FLAGS 

HDL 

LAB 14 FLAGS 

LAB 15 FLAGS 

BDL 

PTASSIUM 
MGNESIUM 

'-JU 
Z0 UG 

P-I C/I 

T N DIS 

NONE 

TKN 
TOT P 
NITRATE 
MGNESIUM 
AMMONIA 

NONE 

TKN 
COPPER 
ALUMINUM 

IRON 

NITRATE 
CADMIUM 
TOT P 

AMMONIA 

CHROMIUM 
TOT P 
AMMONIA 

IRON 
ALUMINUM 
COPPER 

D O C 
D O C 
FLUORIDE 
TOT P 

-13% 
15% 

-14% 
-14% 

-58% 

63% 
506% 
20% 

102% 

16% 
21% 

22% 

-24% 
-14% 

-29% 

-83% 
108% 

19% 
34% 
15% 

44% 
100% 
28% 

R ~ 

ALUMINUM 
SULFATE 

NITRATE 
SILICA 

T N DIS 

NITRATE 
PTASSIUM 
HARDNESS 
TOT P 

MANGNESE 
TKN 

COBALT 

ALUMINUM 
BORON 
AMMONIA 

MANGNESE 

MANGNESE 

NITRATE 
VANADIUM 
ZINC 

AMMONIA 
D I C 
SILICA 

-288 
-12* 

21% 
11% 

15% 

25% 
29% 
28* 

317* 

21% 
27% 

-19% 

33% 
-87% 

-16% 

-13% 

-1008 
39% 

-19% 

299% 
-27% 
-12% 

R
R
R

R
R 

R
R 

SODIUM -26% 

D O C 13% 
PTASSIUM -16$ 

FLUORIDE 24% 

AMMONIA -16% 
TKN 171% 
SODIUM 16% 

IRON 39% 
CHLORIDE *15% 

COBALT 34% 

TOT P 

AMMONIA -93% 

ALKLINTY -12% 

CHLORIDE 13% 
IRON -19% 
sfinrarn 12$ 

PTASSIUM 13$ 
AMMONIA 1521* 

9'."/2

R

AL



LAB 16 FLAGS 

FLAGS 

HDL 

FLAGS 

FLAGS 

ARE JUDGED TO HAVE VERY GOOD PERFORMANCE. 

AL,s0, AN "R" FLAG INDICATES A NON COMPARABLE mzzsuur. THAT 1s._ our. 
PRODUCED wrra NON RANDOM FACTORS. AN "L" FLAG INDICATES A ‘LESS THAN 

CHROMIUM 
ZINC 
TKN 
MGNESIUM 
CALCIUM 
CHROMIUM 
COBALT 
BARIUM 
SODIUM 

ALUMINUM 
ALUMINUM 
CADMIUM 
SULFATE 
LEAD 

CHROMIUM 

CADMIUM 

-13% 
12% 

-13% 
-11% 
-19% 
21% 
13% 

103% R 
-22% 

-11% 
-43% 
-14% 
19% 

-29% R 

19% 

MANGNESE 
MOLYBNUM 
NITRATE 
SULFATE 
ALUMINUM 
MANGNESE 
NICKEL 
LEAD 
CHLORIDE 

CONDUCT 
IRON 
CONDUCT 

IRON 

NITRATE 

RESULT LOWER THAN THE REFERENCE VALUE. 

26% R 
14% R 

-31% 
-14% 
42% 
63% R 
26% 
39% R 

-11% 

865% 
20% 

928% 

16% 

-23% 

Page 

IRON 
LEAD 
SODIUM 
CHLORIDE 
VANADIUM 
IRON 
CADMIUM 
FLUORIDE 
CALCIUM 

FLUORIDE 
NICKEL 
FLUORIDE 

PTASSIUM

2 

25% R 
18$ 
—15% R 
-12% 
139% 
22% 
19% 
28% 

-19% 

-22% R 
18% 

*36% R 

-23% 

ANOTE: A VERY HIGH FREQUENCY OF FLAGGED RESULTS (OR A HIGH %) IS INDICATIVE 
OF POOR PERFORMANCE. ON THE OTHER HAND’ LABS NITH FEW IF ANY FLAGS



TABLE 3? A HIGH STANDARD DEVIATION 

PARAMETER 

BORON 

T N DIS 

ALUMINUM 

EBORON 

LEVEL 

.054 

2.246 

.053

O 

PPM 

PPM 

PPM 

PPM



APPENDIX I 

Definitions oi Izpes o£s_.[!e_ta1,s, Analysis 

1. axon, mun. Auagxsis 

Usually without sample pretreatment, samples are aspirated by Atomic 

Absorption Specttophotometry (AAS),'Inductive1y Coupled (Argon) Plasma or 

direct coupled plasma (ICAP, ICP, or DCP). Standards should contain the 

acid equivalent of the sample. 

2. LOW LEVEL ANALYSIS 

Analysis is carried out by one of the following methods: 

1. vSolvent 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‘ 11 _ 

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' Kejectablg 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 High Standard Deviation for a Parametgt 

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 
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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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 91 and 92, for the months March and April, 1990, These two studies dealt 

with trace metals, major ions, nutrients and physicaliparameters. The concentrations were from 

low to medium. 

Study DQQ 
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 formajor ions, 

nutrients and some physical measurements. The following is a breakdown of the "four samples: 

PP 91 - Sample 1 - 125 ml, high level‘ for trace metals (3% rn~ro,) 
Sample 2 - up to IL, major ions etc.e, stored at 4°C 

PP 92 - Sample 3 - 11., low level‘ _for trace metals (0.2% 1-mos) 

Sample 4 -l 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 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, 1990. Each laboratory was given three weeks "to notify us of any errors in data 

transcription, compilation, or flags. _ 

Perfce 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 occasionally as natural reference 

samples, The means for the regional samples, and the Design Values for the reference waters are 

used to test each reported result for accuracy. 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to determine the extent of the discrepancies between the laboratory result and 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 tables 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 H.
'



Comments‘ on Laboratory Performance 

Results accompanied with a ‘less than’ are diificult 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 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 meanin 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. 

Alisting 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 PP 67), 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. 

PPWB laboratories average number of deviations per sample was 2.3.



TABLE 1: FP 5 PPWB LABS - SUMMARY OF FLAGGED DATA Q FP 51 FP 52 

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

1o ea 1 o s 

2 44 1 o o 
'“ 

9 52 2 2 9 

4 22 1 o 0 

3 70 4 0 1 

21 4a 3 2 1 

1s sv 4 1 9 

1 ea s 1 0 

11 52 s 2 0 

20 ss 6 1 1 

13 32 4 2 2 

a 59 e 0 10 

1 2a s o 0 

s, so 1s 6 4 

1s 61 16 9 0 

19 49 11 4 2 

14 34 12 o 0 

NOTE: FLAGS GUIDELINE (PERFQRMANCE INDEX) 

< 5% - EXCELLENT TO VER! GOOD 
5 — 10% - MODERATE PERFORMANCE ' 

> 10% — IMPROVEMENT NECESSARX, GENERATION 
OP INCOMPARABLE DATA - 

1.5 

2.3 
3.8 

4.5 

5.7 

6.3 

7.0 

7.9 
9.6 

10.7 
12.5 

13.6 
17.9 

25.0 
26.2 
34.7 
35.3



TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 51-52 

LAB 

LAB 
LAB 

LAB 
LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

FLAGS 

FLAGS 
FLAGS 
HDL 
FLAGS 
FLAGS 

HDL 

FLAGS 

FLAGS 

HDL 

FLAGS 
HDL 

FLAG 
HDL 

U) 

FLAGS 

FLAGS 
HDL 
FLAGS 

FLAGS 
HDL 

ngnnunss 
IRON 
T N DIS 
TKN 
m u DIS T N nrs 
T N DIS 
conppcr 
soozuu 
SULFATE 
wxu 
‘MGNESIUM 
AMMONIA 
MOLYBNUM 
TURBIDTY 
PTASSIUM 
ALUMINUM 
LEAD 
COPPER 
D O C 
IRON 
TKN 
LEAD 
VANADIUM 
NICKEL 
MOLYBNUM 
ALUMINUM 
AMMONIA 
FLUORIDE 
NICKEL 
cnnoaxnn 
CALCIUM 
AMMONIA 
COPPER 
HARDNESS 
ALUMINUM 
HARDNESS 
n 0 c 
LEAD 
wow P 
u1cKBL 
D I C 

12% 
44% 

-47% 
-68% 
-56% 

53% 
11% 
57$ 

207% 
136% 
16% 

185% 
146% 
16% 
14% 
76% 

966% 

63% 

91% 
33% 
38% 
13% 

24; 
-12% 
123% 
-16% 

44% 
-48% 

SULFATE 
PTASSIUM 

D I C 

TKN_ 
usnzsruu 
ALUMINUM 
Amuouxn 
mow 2 
cnnoaxnn 

NITRATE 
TURBIDTY 
CHROMIUM 
SODIUM 
MGNESIUM 
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ALKLINTY 
NITRATE 
IRON 
COPPER 
ALKLINTY 

TOT P 

ALKLINTY 
SODIUM 
NITRATE 
AMMONIA 
ZINC 
TOT P 
VANADIUM 
CHLORIDE 
CHROMIUM 
VANADIUM 
MOLYBNUM 
ALKLINTY 

»-39% 
-23% 

-84% 

ass 
82% 
63% 

195l% 
400% 

12% 
171% 

22% 
55% 
11% 

146% 

-99% 
-92% 

885% 

21% 
141% 
48% 
13% 

--29% 

R 
R
R

R

L 
R
R

L 

ALUMINUM 

NITRATE 

HARDNESS 
TOT P 
IRON 
ALKLINTY 
PTASSIUM 
VANADIUM 

SODIUM 

covrsa 
CALCIUM 
MANGNESE 
0 I c 
SILICA 

COBALT 
ZINC 
SILICA 

NICKEL 
IRON 

MGNESIUM 

NITRATE 
CALCIUM 
LEAD 
CALCIUM 
CADMIUM 
CHROMIUM 
D O C 
TOT 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 

LAB 19 

LAB 20 

LAB 21 

NOTE: 

FLAG$ 

FLAGS 

HDL 
FLAGS 
HDL 
FLAGS 
HDL 

ALUMINUM 
IRON 
NITRATE 
PTASSIUM 
SODIUM 
CALCIUM 
VANADIUM 
ZINC 
LEAD 
SODIUM 
zapu 
SULFATE 
LEAD 
CHROMIUM 
HARDNESS 
SILICA 
NITRATE 
ALKLINTY 

27% 
25% 

-28% 
-46% 
-18% 
-13% 

13% 
13% 
15% 
46% 

-68% 
29% 

-56% 
13% 

-96% 

CHROMIUM 12% 
MOLYBNUM -16% 
SULFATE -39% 
VANADIUM 182% 
SULFATE 13% 

IRON 13% 
CADMIUM 12% 
AMMONIA 1329s 
s1L1cA 45% 
nxcxsn 33% 
PTASSIUM -20% 
AMMONIA 
COPPER -14% 
MGNESIUM 12% 

MOLYBNUM -30% 

R
R 

R
R 

Page 2 

MANGNESE 
LEAD 
CHLORIDE 
IRON H PTASSIUM 

NICKEL 
BARIUM 
FLUORIDE 
MANGNESE 
COPPER 

CALCIUM 
CALCIUM 

NITRATE 

405% 
68% 

-21% 
140% 
-61% 

18% 
12% 

-80% 
-84% 
-71% 

17% 
16% 

13195 

A van! area FREQUENCY qr FLAGGED RESULTS (oh A glen %) IS INDICATIVE 
or POOR 2ERFORMANCE,- on mun ownsn HAND, LABS wzmn FEW IF ANY FLAGS 
ARE JUDGED TO HAVE VERY GOOD PERFORMANCE. 
ALSO, AN "R" FLAG INDICATES A NON COMPARABLE RESULT, THAT IS; ONE 
PROPUCED WITH NON RANDOM_FACTORS. AN "L" FLAG INICATES A 'LESS THAN’ 
RESULT LOWER THAN THE REFERENCE VALUE.



PARAMETER 

BORON 
SODIUM 
PTASSIUM 
ALUMINUM 
IRON 
COPPER 
LEAD 
D O C 
T N DIS 

TABLE 3: HIGH STANDARD DEVIATION 

LEVEL 

AT .029 PPM 
AT 1.277 PPM 
AT .484 PPM 
AT .018 PPM 
AT .006 PPM 
AT .007 PPM 
AT .006 PPM 
AT .167 PPM 
AT .057 PPM



APPENDIX I 

vQefinitions of Types of Metals Analysis 

1. men HANALYSQZS 

usually without sample pretreatment, samples are aspirated by Atomic 

Absorption Spectrophotometry (AAS), Inductively Coupled (Argon) Plasma on 

direct coupled plasma (ICAP, ICP, or DCP). Standards should contain the 

acid equivalent of the sample. 

2. LOU 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 

IGAP, or DCP. » 

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

4. Graphite tube (flameless) AAS. 

Updated March 1989.



APPENDIX I1 

Berformance 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 102, 
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. a 

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 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 _netect.i.o.n Limits (EDI.-Vs) 

p 

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 low level analysis may not be comparable with the 
analyses of other laboratories. A 

* reference : Frank E. Grubbs, Technometrics, 1969, p. 1.
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Canada Canada 
Conservation and Conservation et 
Protection Protection 

l‘_\latio_nal Water Research institute 
867 Lakeshore Road, P.O. Box 5050 ,,,u,,,,, VQ,_,, ,é,m~,,ce 

Burlington, Ontario 
4A6 Our file NOlre reference 

September 13, 1990. 

To: Participants & Managers in: 

Prairie Provinces Quality Assurance Program (PPQA) 

I have enclosed the final report for PP 93-94.
_ 

This final report assists managers and laboratory heads in evaluating their laboratory's 
performance relative to others. In table 1 , laboratories are ranked according to the °/o of results 
flagged. In case of poor performance, the internal QC procedures forthe parameters l_i_sted 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 indgication of laboratory performance or 
improvement. 

Pleasenote that the Data Summary has been condensed. Methodology codes which normally 
make up the bulk of this data table, have been excluded. If it is necessary to check on 
methodologies, these can be found in the second preliminary data evaluation (RAB 90"->1 1b, 
August 1). 

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

0.. 

H. Alkema 
Q A Chemist 
Research 8-" Applications Branch 

& Mallagets: 

Dr. F.P. Dieken PB. G. P. Lee 
Alberta llater Analysis Res. Sta. Western & Northern Region law 

Mr. A. Kasick Mr. G.W. Durm 
Sask. Prov. Water laboratory Prairie Province Water Board 

Mr. E.A. $01-‘bi ' Mr. A.S.Y. Q1811 

Catiarfi
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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 prograrn. This report summarizes the most recent PPWB interlaboratory quality 
control studies: PP 93 and 94, 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 mfljor ions, 

nutrients and some physical measurements. The following is a breakdown of the four samples: 

PP 93 - Sample 1 + 125 ml, high level‘ for trace metals (3% HNO3) 
Sample 2 - up to IL, major ions etc., stored at 4°C 

PP 94 - Sample 3 - IL, low level. for trace metals (0.2% HNO3) 
Samples 4 & 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 _as required by the Standard Report Sheets provided with the QA samples.
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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 

(attached). Preliminary data summaries (RAB # 90-11), including Problematic results, 
were sent July S, and August 1, 1990. Each laboratory was given three weeks to notify us of any 

errors in data transcription, compilation, or flags. 

Performancelndicators 

In the PPWB QA program, two types of reference samples are used for the accuracy 
assessment. Reference waters (RMs) and ce_rtifie'd reference waters (CRMs) have Design Values 
for the stable parameters. Also, regional samples are used occasionally as natural reference 

samples. The means for the regional samples, and the Design Values for the reference waters» are 

used to test each reported result for accuracy. 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to determine the extent of the discrepancies between the laboratory result and reference 

value. However, please keep in mind that at low levels, high % deviations are often seen, and 
may be nzisleading 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 Surmnary* 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. Performanceindicators are fully explained 

in Appendix II. ' 

* The Data Summary is condensed for this report; for methodologies please see RAB # 90-11b
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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 'H'DL', 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‘ 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.
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Note: Evaluations for each result submitted relative to design values or means are now fully 

automated. Further i_n.formation for treatment of data may be found in our QA Manual 
A Manual for Effective Inteflaboratory Quality Assurance, NWRI # 89-99. 

PPWB laboratories average number of deviations per sample was 2,8.



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 66 

24 28 

21 50 

1 86 

10 87 

9 61 

11 69 

3 91 

8 80 

20 78 

4 33 

15 92 

13 44 

19 74 

23 78 

16 82 

14 48 

6 51 

NOTE: - FLAGS GUIDELINE (PERFORMANCE INDEX)

< 

5 _ 
10 -

> 

2 1 

4 0 

2 0 

4 0 

8 0 

9 1 

7 0 

8 2 

11 2 

101 4 

11. 1 

5 3 

15 4 

8 2 

15 11 

17 8 

28 10 

17 6 

20 11 

EXCELLENT TO VERY GOOD 
MODERATE PERFORMANCE 
POOR PERFORMANCE 
VERY POOR 

4.8 

6.1 

7.1 

8.0 

9.3 

10.3 

11.5 

11.6 

12.1 

12.5 

14.1 

15.2 

16.3 

18.2 

20.3 

21.8 

34.1 

35.4 

39.2



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

1 PB 
SI 
SI 

2 DOC 
S04 

3 DOC 
TKN 
DOC 
TN 
HDL: 

4 B
B 

6 TKN 
TKN 
HG 
CA 
NH3 
MG 
CL 
HDL 

7 S04 

8 SI 
FE 
N03 
CL 
HDL: 

9 AL 
zn 
CL 

10 DOC 
SI 
TN 
HDL 

-20% 
13% 
21% 

-39% 
36% 

-14% 
32% 

-18% 
-25% 
NH3 

215% 
1055% 

40% 
281* 
sax 

-11* 
-32% 
190* 
-11% 
N03 

-32% 

-15% 
27% 
62% 

-11% 
MN 

22% 
27% 

-11% 

-16% 
66% 
62% 

TP 

R 1 
R 2

R 
R

L
R 

18% 
10% 
10% 

24% 
10% 

10% 
13% 
10% 
10% 

28% 
73% 

10% 
13% 
10% 
10% 
10% 
36% 
10% 

NH3 

R

R 

DI

R 

NH 

10% 

10% 
10% 
10% 
10%
G 

10% 
19% 
10% 

10% 
10% 
10% 
3 TP 

N03 
COL 
CL

K 

NH3 
N03 
TKN 
TP

B 
nus 

ups 
was 
TP 
noc 
nan» 
TP 
ca 

s04 

TP 
CU 
TP 

NI 
MO 

NH3 
AL 
COL 
NH3 

62% 
26% 

-17% 

-11% 

31% 
-85% 
-36% 
202% 

180% 
-66% 

-21% 
150% 
376% 
17% 
88% 

257% 
66% 

64% 

488% 
39% 

614% 

-24% 
-20% 

53% 
22% 

-30% 
TP 

10$ 
23* 
10% 

10* 

10% 
10% 
10% 
54% 

145% 
10% 

10% 
50% 
71% 
10% 
10% 
54% 
10% 

10% 

88% 
15% 
71% 

23% 
16% 

10* 
10* 
23% 

TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 53-54 

MG 
NA 

N03 

noc
F 
NH3 

N03 

TP 
NA 
S04 
TKN 
NA 
S04 

AL 
ZN 
TP 

CU 
PB 

TN 
N03 
NH3 

12% 
-27% 

-62% 

45% 
16% 

-32% 

-46% 

194% 
21* 
14% 

142% 
22% 

257% 

21% 
33% 

436% 

-23% 
-91% 

14% 
55% 

-32% 

./Z



LAB 

11 

13 

14 

15 

16 

19 

FLAGGED ACCEPT FLAGGED ACCEPT FLAGGED ACCEPT 
RESULT DEVIAT“ RESULT DEVIAT RESULT DEYIAT 

CR -17% 
FE -51% 
NH3 44$ 

CR -42% 
CD 72% 
TP 79% 
HDL: NH3 

CU 30% 
N03 -11% 
AL 86% 
PB -58% 
TP -100% 
TP -100% 

ZN 32% 
PB -23% 
CU -25% 
F -44% 
TN 19% 
HDL: V 

AL 41% 
FE 19% 
M0 -64% 
N03 -36% 
K -28% 
FE ‘ 34% 
TKN 218% 
SI -17% 
TKN 142% 
K -36% 
HDL: V 

CR -44% 
NH3 "44% 
H0 36% 
HARD 1738% 
SI -69% 
HDL: PB

R

R
R 

R

R 
R
R 
R 
R 

R

R 

15% 
10% 
10% 

R 15%
R 15% 

54% 
NH3 

18% 
10% 
10% 
18% 
71% 
54% 

15% 
15% 
15% 
10% 
10% 

NI DIC 

15% 
15% 
10% 
10% 
10% 
10% 
13% 
10% 
10% 
36% 

15% 
10% 
16% 

R 10% 
R 10% 
NH3 NH3 

CU 41% 
F -15% 
S04 214% 

nu 30* 
nos 80% 

24* CL 

ZN 96% 
TP -100% 
MN -19% 
HARD -19% 
CL 20% 
CA -47% 

M0 -13% 
F -46% 
MO -20% 
SI 16% 
HARD 18% 

CR 23% 
NI 16% 
BA 32% 
NH3 -49% 
CR 16% 
BA 53% 
N03 -55% 
S04 -13% 
NA -14% 

M0 A -51% 
V -55% 
COND -14% 
NA 239% 
K 401% 
S04 

Page 2 

F -13% 
COL -30% 

CU 30% 
TP 138% 

PB 19% 
CA -16% 
CD -21% 
MG -20% 
HARD -33% 

GD -21% 
AL 22% 
PB -69% 
DOC 21% 
S04 128% 

MN 43% 
ZN 32% 
PB 22% 
NA -17% 
MN 48% 
PB 25% 
NA -20% 
K -13% 
CL -11% 

COND -12% 
ZN 27% 
NH3 -32% 
HG 1191% 
CA 2136% 

..../3 

10% 
23% 

18% 
71% 

15% 
10% 
18% 
10% 
10% 

15% 
10% 
18% 
10% 
10% 

15% 
15% 
15% 
10% 
16% 
18% 
10% 
10% 
10$ 

10% 
19% 
10% 
36% 
10%
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LAB FLAGGED ACCEPT _FLAGGED ACCEPT FLAGGED ACCEPT 
RESULT DEVIAT RESULT DEVIAT RESULT ' DEVIAT 

20 

21 

23 

24 

NOTE:

V 
MG 
N03 
S04 

N03 
S04 
HDL 

CR 
M0 
NH3 
MN 
BA 
CON 
HDL 

AL 

14* 
-13* 
92% 
71* 

-12% 
-64% 
S04 

-23% 
12% 

104% 
147% 
-61% 
-33% 
TP 
NH3 

17%

L 

10* 
19* 
51* 
10% 

10% 
10% 

15% 
10% 
10% 
16% 
44% 
10% 

CR 
TP 

10% 

CR -62% 
SI 19% 
HARD 22% 
CA 38% 

AL 15% 

MN 30% 
CD 23% 
AL 144% 
FE -30% 
COND -20% 
NH3 -32% 
CO NI 
F TP 

ZN 20% 

A VERY HIGH FREQUENCY OF FLAGGED RESULTS 
OF POOR PERFORMANCE. ON THE OTHER HAND, 
,ARE JUDGED TO HAVE VERY GOOD PERFORMANCE 

ZN 25% 15% 
ZN 52% 19% 
SI 12% 10% 

N03 -53% 10% 

NI 14% 10% 
COND -25% R 10% 
V 78% R 18% 
ZN -37% L 19% 
TURB 267% R 92% 

ZN CD PB 

(ox A HIGH %) Is INDICATIVE 
LABS WITH FEW IF ANY FLAGSV 

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 STRNDARD DEVIATION 

PARAMETER LEVEL 

BA 

DOC 

TN 

COL 

ALK 

S04 

-_— 

PPM 

PPM 

PPM 

PPM 

PPM 

PPM



Arrmnxx I 

Definitions of Types of Hetals 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 oi the 

sample. 

2. SB - Code for lov level analysis 

Analysis is carried out by one of the following methods: . 

D 

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.
D



APPENDIX ll 

Performance Indicators 

1. Flagged Results 

As a first indication that analysis results are appreciably deviant from the expected value, each 
submitted result istested with the 1 0% - 1 Standard Deviation Rule, When a result is found to deviate 
more than 1 0%, or more than 1 standard deviation when this is greater than 1 0%, theresultis 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 Q0 procedures and general procedures need to be investigated. 
Results may still be comparable. . 

2. Grubbs' Rejectable Results 

For every constituent (parameter), each laboratory result is statisticallytested to see ifit 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 wit_h a_n ‘R’, are non-comparable with the other data forthat constituent. 

3. A High 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 results.) ln such cases, the RSD for that 
parameter is ind,ica_ted in Table 3, entitled: High Standard Deviations. 

4. High Detection Limits (HDL's) 

Each laboratory determines its own detection limits according to its 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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November 15, 1990. 

To: Participants 8- Managers in: 

Prairie Provinces Quality Assurance Program (PPQA)
y 

I have enclosed the final report for PP 95-96. 

This final report assists managers and laboratory heads in evaluating their laboratory's 
performance relative to others. In table 1 , laboratories are ranked according to the °/p of results 
flagged. In case of poor performance, the internal QC procedures forthe 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. ~

T 

Please note that the Data Summary has been condensed. Methodology codes which normally 
make up the bulk of this data table, have been excluded. lf it is 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 data base, please do 
not hesitate to communicate them.

W 
Q A Chemist 
Research 8. Applications Branch 

Participants & Managers: 

Dr. F.P. Diekflt Ms. G. P. Lee 
Alberta Water Analysis Ra. Sta. Western & Northem Region 1% 
Dr. T. GM. mm ‘ 

Sask. Prov. Water Laboratory Prairie Water Boani 

Mr. E.A. Sorba Hr. A.S.Y. Olin! 
Manitoba Technical Lab NWRI, (IIIW 
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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 95 and 96, for the months July and August, 1990. These two studies dealt 
with trace metals, major ions, nutrients and physical parameters. The concentrations were high 

for trace metals, and low to medium for major ions. »
' 

Stug Desigg’ 

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 95 - Sample .1 - 125 ml, high level‘ for trace metals (3% HNO3) 
Sample 2 - up to IL, major ions etc., stored at 4°C 

PP as - Sample 3 - 1L, low level‘ for trace metals (0.2% HN03) 
Samples 4 & 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 as required by the Standard Report Sheets provided with the QA samples.
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Submitted results were tabulated for each parameter, first for each method reported, and then 

for all methods combined. These data, andthe resulting statistics are presented in the Data 

Summary (attached). Preliminary datasummaries (RAB # 90-14), including problematic results, 
were sent September 6 and September 19, 1990. 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 occasionally as natural reference 

samples. The means for the regional samples, and the Design Values for the reference waters are 

used to test each reported result for accuracy. 
_

'

4 

Percentage deviations from the reference value are used as an indicator for the laboratory 

head to detennine the extent of the discrepancies between the laboratory result and 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 l). Results repvfled 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 ll. 

* The Data Summary is condensed for this report; for methodologies please see RAB # 90-1 lb



3 

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 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 laboratory data evaluations and performance. They are as follows: 

Table 1: 8 of flagged results ranked according to the % results flagged. This 

summary 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 Gru.bbs' 

Rejectables and the high detection limits. Newly included in this table is vtbe 

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

Table 3; Lists those analytes for which there was 4 high standard deviation (nsn). 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.
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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. 

PPWB laboratories average number of deviations per sample was 2.2.
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TABLE 1:“ FP & PPWB LABS - SUMMARY OF FLAGGED DATA - FP 55 FP 56 

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

4 30 
7 42 
24 28 
3 91 

21 68 
15 67 
9 64 

10 87 
1 86 

20 77 
2 69 
8 83 

11 ‘ 69 
13 44 
19 74 
14 39 
6 45 

16 81 

NOTE: FLAGS GUIDELINE (PERFORMANCE INDEX)

( 

5 _ 
1O -

> 

----_---_ —--_.-_ -_-.__ 

ibl—lOO 

COCO 

4 o 

4 1

4
s 

.6 

e .

6 

9 . 

a 
'

3 

1 o 
14 

A 

5 . 

9 a 

16 s 

32 13 

LOOQDOOIJ 

EXCELLENT TO VERY GOOD 
MODERATE PERFORMANCE 
POOR PERFORMANCE 
VERY POOR 

COCO

0

1 

OOn>O

1

6

0
3

5

0
1

1



TABLE 2: FP & PPWB LABORATORIES FLAGGED RESULTS - STUDIES FP 55-56 

LAB 

'\

1

2

3 

4

6

7

8

9 

10 

11 

13 

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

TKN -ass 
s1 -20$ 

noc -51* 
x -97* 
non: K 

TN 19% 
F 42* 

N0 ELAGGED 

N03 -15* 
NA 56% 
K 43% 
NA 20% 
HARD 21% 
K '14% 
HDL: S04 

N0 FLAGGED 

AL 12% 
F 36$ 
DIC 13% 
HDL: DOC 

N03 13% 
K 14% 

TN -19% 
ZN 29% 
HDL: TP 

CU 49% 
MN -26$ 
ENG -17% 

CD -11$ 
CL 19% 
K 14% 
HDL: NR3" 

26% 
10% 

32% 
L 10% 

10% 
16% 

RESULTS 

10% 
16% 

R 20% 
10% 

R 10% 
10% 

RESULTS 

10% 
16% 
10% 

TKN 

10% 
l0% 

10% 
15% 

N33 

R 10% 
15% 
10% 

10% 
16% 
10% 

NA - 
DIC - 

DIC 
TN — 

S04 — 

22% 
13% 

12% 
28% 

29% 

NE3 400% 

NA - 

DIC 
S04 - 

MG 45% R 
NH3 4167* 
MG 37% R 

12% 

12% 
34% R 

S04 -15%

K 

C0 - 
H0 - 

s1 - 
rm -

% 

12% 
13% 

91* R 
26% 

S04 12% 

N03 - 11% 
TP 63% 

NA -20% 
NA -18% 

F 47% 
S04 -15% 

CL -29% 

annn 16* 
cn 106* 
F 

> 

51* 
NH3 1233* 
MG ' 108* 

21% 
CL -28% 
K --18% 

HARD 52% 

NI. -12% 
F 57% 

S04 116% 
F 21% 

TP 122% 
TP 131% 

/Page 2 

10% 
10% 

16% 
10% 

16% 

10% 
16% 
16% 

133% 
R 10* 

15% 
10% 
10% 

10% 

10% 
16% 

10% 
16% 

111% 
115%



LAB 

14 

15 

16 

19 

20 

21 

24 

NOTE 

Page 2 

FLAGGED~ ACCEPT FLAGGED ACCEPT FLAGGED ACCEPT 
RESULT DEVIAT RESULT DEVIAT RESULT DEVIAT 

PB -19% 
PB -76% 
CA -12% 

cn -11* 
n1c 13* 
an»: PB 

ca 30* 
cu 11* 
an 11* 
s1 -15* 
cg 22* 
nu sax 
no 14* 
nxc 15$ 
s04 41* 
DIC 19* 
K -15* 
nun: nus 

CR -22% 
NH3 900% 
CO 12% 
TKN -79% 
COND -36% 
HDLZ T? 

CR -36% 
F 

' 26% 

N03 15% 
MG -13% 

FE 18%

R
R 

R
R

R 

R 

L
R 
PB 

CL 21% 
HARD -12% 
N03 -78% 

ZN 76% 

MN 41% 
ZN 20% 
TKN 199% 
S04 517% 
V 69% 
FE 20% 
CD 19% 
TKN 321% 
CL 45% 
NA -14% 
CA 11% 

DOC —100% 
S04 40% 
NI 21% 
SI 12% 
K 23% 

TURB 783% 
TURB 774% 

COND -11% 

16% 
10% 
33% 

15% 

10% 
10% 
26% 
10% 
10% 
15% 
10% 
21% 
10% 
10% 
10% 

32% 
10% 
10% 
10% 
10% 

177% 
175% 

10% 

A vEnY or FLAGGED RESULTS 
or POOR PERFORMANCE. on THE OTHER BAND. 
ARE JUDGED TO HAVE VERY GOOD PERFORMANCE. 

CU -20% 15% 
S04 16% 10% 
ALK 17% 10% 

DOC 96% 78% 

FE 14% 10% 
SR 31% R' 10% 
NA -22% 16% 
CL 691% R 16% 
CR 24% 15% 
SR - -13% 10% 
PB 31% R 15% 
F 31% 16% 
K -11% ' 10% 
S04 22% 10% 

TKN 3O%6 26% 
K 66% R 20% 
COND -38% R 10% 
S04 *11% 10% 

TURB 590% R 138% 
ALK 22% 10% ' 

F 
’ 

21% 16% 

(OR A HIGH %) IS INDICATIVE 
LABS WITH FEW IF ANY FLAGS 

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.



TABLE 3! ' HIGH STANDARD DEVIATION 

PARAMETER LEVEL 

DOC 
B. 

DOC 

DOC 

1.234 

.028 

.888 

.511 

PPM 

PPM 

PPM 

PPM
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APPENDIX I 

Dejinitions of Types Oi Hetals 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. LDY LEVEL ANALYSIS 
- \ 

Analysis is carried out by one of the following methods: _ 

1. Solvent extraction sample concentration followed by AAS. 
H 

2. Difiestion 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. 

r.-0 t



' APPENDIX ll 

Performance indicators 

1 . Flagged Results 
g

. 

As a fi_rst indication that analysis results are appreciably deviant from the expected value, each 
submitted res,ult.istested withthe 1 0%- 1 Standard Deviation Rule. When a result is found to deviate 
more than 1 0°/o, or more than 1 standard deviation when this is greater than 1 0%, 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 general procedures need to be investigated. 
Results may still be comparable.

A 

2. Grubbs' Rejectable.Results 

For every constituent.(parameter), each laboratory result is statisticallytested 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 bythe Grubbs' procedure’, and indicated in the data 
tables with an ‘R’, are non-comparable with the other data for that constituent. 

3. A High Standard Deviation for a Constituent 

A 

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 results.) In such cases, the RSD for that 
parameter is indicated in Table 3, entitled; High Standard Devia_tio_ns. 

4. High Detection Limits (HDL's) 
_

. 

Each laboratory determines its own detection limits according to its 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 notbe comparable with the analyses of other 
laboratories. 

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