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Environment Environnement 
Canada Canada 

National Water Research Institute 
867 Lakeshore Road 
Burlington, Ontario 
L7R 4A6 

December 14, 1998 

E: Participants of the NWRI Ecosystem Interlaboratory QA Program 

B_e: Final Report for NWRI Study PF 73 - Trace Metals/Elements Portion 

Dear Participant: 

We would like to thank you for your co—operation and prompt responses during this study. In return, it is 
the aim of gthehquality assurance group to give prompt evaluations, reports, and effective remedial 
assistance to all of the participants. 

The Institute is pleased to distribute this final report to the FP participant laboratories. This report 
includes results and evaluations for a unique series of samples: Trace Metals/Elements. The evaluation 
of results includes an evaluation for systematic bias and precision. The flagging criteria, used to assess 
precision, are open to change. In order to improve our data assessments and the quality of your data, you 
may find that these criteria change from study to study. This would be evident in Table 3 - Summary of 
Study-to—Study Performance. A complete listing of all laboratory results is included so that each 
laboratory can compare its results and evaluations with other laboratories. For details concerning these 
evaluations please refer to the attached appendix, Glossary of Terms, or to the Research & Applications 
Branch QA Manual. 
In the data summary tables you will find the tabulation of the degree of bias. It has been difficult to 
quantify and determine its significance at low values. In this report we have calculated bias in two 
components which relate directly to the chemical measurement. Laboratory heads are encouraged to 
discuss the attached report openly with those who manage their programs and those who use their 
laboratory data.

‘ 

The laboratories listed in this report submitted their data with a confidential laboratory code. This 
confidentiality is fully respected by our staff. Access to these codes is possible through the relevant 
laboratories or program authorities. 

Should you have any questions or comments regarding this study, please do not hesitate to contact us. 

Yours truly, 

Harry Alkema Interlaboratory QA Studies & CRMs 
QA Specialist phone: 905-336-4929; fax: 905-336-8914 

NLET/NWRI E-mail: Harry.Alkema@CCIW.ca 

Attachment: Individual Laboratory Appraisal 
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NWRI Interlaboratory Quality Assurance Studies 
~ for 

Acid Rain and Surface Waters 

Maior Ions and Nutrients. Trace Metals, Total Phosphorus, and Mercury 

The Institute’s interlaboratory quality assurance studies support a core group of 

government labs and their QA requirements of various environmental programs. These 

programs include: acid rain research, Great Lakes trans-boundary issues, and issues involving 

provincial watershed/ ecosystem research, monitoring, and jurisdiction. The QA program also 
addreSses health issues, such as, toxic metal (lead, manganese, and mercury) contamination of 

drinking water. 

The QA studies are executed twice a year and accommodate environmental programs in both 
Canada and the United States of America. The US Environmental Protection Agency, US 
Geological Survey, and numerous university acid rain programs Show a continued interest in 

this program. More than 200 laboratories are invited to participate on a voluntary basis in 

each study. Currently, some 60 of these labs participate in the various study matrixes. One 

study consists of five (5) series of ten (10) samples each and includes numerous parameters for 

analysis. The primary feature of these studies is to report the quality of data produced by the 

participating laboratories. Laboratory performance is ranked in terms of the number of biased 

parameters (systematic bias) and flagged results (precision measuremen The reports 

produced from the client data provide a powerful tool for the diagnosis of problematic 

analysis. Environmental programs and data users are therefore encouraged to have their labs 

participate as a means of quantifying laboratory performance and data quality. 

As the NWRI studies run on a voluntary and cost recovery basis, laboratories and program 
managers express an ongoing interest in study design and sample requirements. The program 

is open to international participation and contractually specialized studies are available. 

Contacts: 
Harry Alkema — QA Chemist 905—336—4929, Harry.Alkema@CCIW.ca 
Haig Agemian — Chief, NWRl/NIET/PJSCQM 905-336—4679, Haig.Agemian@CCIW.ca
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Table 1 List of participatingl laboratories in the trace metals/elements portion of 
interlaboratory study FP 73 (September & October 1998). 

Accutest Laboratories Ltd. 
Activation Laboratories (Ontario) 
Appalachian Laboratory 
Aqualta, Rossdale (Alberta) 
ASL — Analytical Service Lab Ltd. 
Can Test Ltd. 
Chemex Environmental Services 
City of Calgary — Waterworks 
Entec Laboratories (Ontario) 
Eastern Thai Laboratory (Thailand) 
Environment Canada - EPL, Prairie & Northern Region 
Environment Canada — EQL, Atlantic 

“ Environment Canada - NWRI, NLET 
Environment Canada - Pacific Environmental Science Centre 
Enviro-Test Laboratories 
Enviro-Test Thunder Bay 
Falconbridge Ltd. - Kidd Creek Division 
Fisheries and Oceans Canada - Freshwater Institute 
Food Control S.A. (Argentina) 
Laboratoire de Santé Publique du Quebec 
Maxxam Analytics 
Ministere de l'Environnement et de la Faune du Quebec - Laval 
Ministere de l'Environnement et de la Faune du Quebec - Sainte—Foy 
National Physical Laboratory of Israel 
Natural Resources Canada - CFS, Atlantic Region 
Natural Resources Canada - CFS, Ontario Region 
New Brunswick Department of the Environment - ASL 
Norwest Laboratories 
Ontario Ministry of Environment and Energy — Dorset 
Ontario Ministry of Environment and Energy - Etobicoke 
Ontario Ministry of Northern Development and Mines - Geosciences Laboratory 
Ottawa-Charlton Regional Municipality 
Saskatchewan Research Council 
TAIGA Environmental Laboratory 
US Geological Survey — National Water Quality Laboratory 
York-Durham Regional Environmental Laboratory 
Wastewater Technology Centre - Conor Pacific 

i Laboratories select their routine parameters from the series of samples in this study.



LAB NO. 0E NO. 0E 
CODE PARAMETERS PARAMETERS 

ANALYZED BIASED 

E002 9 0 
E038 23 0 
E032 19 0 
E003 21 1 
E096 21 1 
E032b < 15 0 
E011 23 0 
E036 3 0 
E093 19 0 
E145 19 1 
E136 12 1 
E024 15 1 
E019 14 0 
E095 19 1 
E010 20 1 
E094 23 3 
E015 19 2 
E046 21 2 
E014 16 2 
E060 23 3 
E133 22 3 
E143 16 2 
E142b 8 1 
E137 23 5 
E138 21 4 
E142a 8 0 
F142d 8 1 
E026 8 2 
E048 22 5 
E134 9 3 
E025 22 4 
E141 18 4 
E142c 8 2 
E037 12 5 
E139 15 4 
E031 12 5 
E131 14 5 
E009 20 13 
E135 7 4 
E012 20 8 

Trace Elements 

Laboratory parameters are selected from: 
Al 
As 
Se 
T1 

Mn 
Cd 
Sr
U 

PERCENTAGE NO. OF NO. OF 

Laboratory Performance Scores for Study 0073 

OF RESULTS FLAGS OF 
PARAMETERS RANKED ASSIGNED RESULTS 
BIASED FLAGGED 

(% (% 

0.00 81 0 0.00 
0.00 216 9 4.17 
0.00 173 8 4.62 
4.76 204 6 2.94 
4.76 183 9 4.92 
0.00 134 14 10.45 
0.00 218 24 11.01 
0.00 30 4 13.33 
0.00 171 27 15.79 
5.26 175 24 13.71 
8.33 114 13 11 40 
6.67 133 18 13.53 
0.00 104 22 21.15 
5.26 182 29 15.93 
5.00 187 31 16.58 

13.04 217 25 11.52 
10.53 163 25 15.34 
9.52 202 35 17.33 

12.50 136 21 15.44 
13.04 192 30 15 62 
13.64 209 39 18.66 
12 50 146 32 21 92 
12 50 80 20 25.00 
21.74 230 44 19.13 
19.05 205 47 22 93 
0.00 80 38 47.50 

12 50 80 30 37.50 
25 00 78 20 25.64 
22.73 197 56 28.43 
33.33 84 20 23.81 
18 18 195 82 42.05 
22 22 121 51 42.15 
25.00 80 34 42.50 
41.67 116 37 31.90 
26.67 136 73 53.68 
41.67 111 43 38.74 
35.71 126 71 56.35 
65.00 192 67 34.90 
57.14 61 31 50.82 
40.00 177 123 69 49 

Fe Ni Cu 
Pb V Cr 
Mo Ag Sb 
Be Li Bi 

PERCENTAGE SUM OF 
BIAS & 
FLAGGED 
DATA 

SCORE% 

Zn 
Co 
Ba 

\DkO\lO\LflU1»bU)NNO



_?a_bl_e_2_b 

LAB 
CODE PARAMETERS PARAMETERS 

F002 
F003 
F032a 
F036 
F037 
F116 
F138 
F145 
F010 
F016 
F025 
F042 
F148 
F024 
F015 
F046 
F093

9 

F’PJF‘P‘H 

F‘F‘F‘F’P’H 

H 

r—wHI—II—1 

H’F’F’H‘HI# 

o
o 
o 
o 

o<3<3 

o<o 

o
o 

Laboratory Performance Scores for Study 0073 

Mercury in Water 

OF 
PARAMETERS RANKED ASSIGNED RESULTS 
BIASED FLAGGED 

(% 

0.00 O 0.00 
0.00 O 0.00 
0.00 0 0.00 
0.00 O 0.00 
0.00 O 0.00 
0.00 0 0.00 
0.00 0 0.00 
0.00 O 0.00 
0.00 1 .11 
0.00 1 .11 
0.00 1 .11 

100.00 0 .00 
100.00 0 .00 
100.00 2 .22 
100.00 5 .00 
100.00 5 .00 
100.00 10 .00 

U1U1UIOOOOOOOO 

PERCENTAGE NO. OF NO. OF PERCENTAGE SUM OF 
BIAS & 
FLAGGED 

SCORE 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.56 

.56 

.56 

.00 

.00 

.11 

.00 

.00 

.00



Table 3a SUMIVIARY OF STUDY-TO-STUDY PERFORMANCE 
Trace Elements 

LAB ——————————————————————————————————————————————————————————— MEDIAN 

F002 1.8 1.7 - 5.7 0.0 1.4 0.6 0.0 0.6 0.0 
F003 2.3 5.8 4.2 6.1 7.8 0.7 1.2 3.1 5.4 3.9 
F009 43.0 20.5 19.7 24.7 30.9 10.8 22.2 26.4 16.2 49.9 
F010 18.1 13.4 19.5 25.0 12.5 — 20.2 9.6 19.7 10.8 
F011 7.4 17.1 9.9 7.3 3.7 22.7 14.0 10.0 15.8 5.5 
F012 - - — — 20.6 26 2 28.0 25.1 20.5 54.7 
F014 26.3 25 3 26.2 27.3 26.9 30.9 9.6 19.0 15.1 14.0 
F015 4.7 4 5 5.4 9.9 1.9 5.9 7.0 11.0 6.4 12.9 
F019 — - 30.2 20.7 26.6 12.9 14.2 6.8 7.7 10.6 
F024 3.9 , 3.1 10.8 9.6 10.5 14 4 8.1 16.2 18.1 10.1 
F025 24.0 19.4 20.9 — - - 59.0 23.8 51.9 30.1 
F026 ~4.é 15 5 - 35.5 14.7 28.5 22.2 13.6 8.1 25.3 
F031 22.6 24.9 16.8 29.0 28.3 32.3 32.8 48.6 32.5 40.2 
F032 5.3 8.0 0.7 1.4 9.4 13.0 3.1 21.8 5.5 2.3 
F032b - - - - 5.7 - - 10.6 7.2 5.2 
F036 27.4 - - 39 3 53.2 36.8 26.7 37.1 22.2 6.7 
F037 20.5 39.7 — 20 5 17.0 41.7 25.9 18.7 26.2 36.8 
F038 8.6 28 1 10.4 9 7 4.0 5.4 5.3 4.2 4.2 2.1 
F046 8.5 17 8 10.4 21 3 15.0 15.4 17.4 12.7 15.5 13.4 
F048 15.0 14 7 27.1 2 8 5.2 31.2 11.0 1.9 13.0 25.6 
F060 40.2 — — — 7.7 — 9.3 4.0 13.1 14.3 
F093 - — - 17 2 11.8 22.5 17.9 23.3 14.9 7.9 
F094 — - - 45 8 37.3 4.8 6.5 9.8 14.0 12.3 
F095 - - - 7 9 - - — — 68.9 10.6 
F096 — - - - 32.2 — 7 4 10.5 17.3 4.8 
F131 — - - - — — - 25.7 - 46.0 
F133 - — - - — - 54 2 17.0 10.1 16.1 
F134 - - - - - - - 26.9 - 28.6 
F135 — - - — - - - - 57 2 54.0 
F136 - - — - - - - - 23 6 9.9 
F137 — — - - - — — - - 20.4 
F138 - — - - - - 20.0 3 6 21.0 
F139 — - — - — — — - 43 1 40.2 
F141 - — - - — — - — 32.2 
F142a — - - - — - — — — 23.8 
F142b - - — - — - - - - 18.8 
F142c - - - - — — - — - 33.8 
F142d — - - - - - — - - 25.0 
F143 — — — - — — - - - 17.2 
F145 - — — - — - — — — 9.5 

INTERLAB 
MEDIAN 15.0 17.1 16.8 20.5 12.5 15.4 14.2 13.6 15.5 16.1 

dmkommWNNCDNUJKOI—‘Lb-b\ILHOUJO‘fiNmb—‘U‘OOW 

mo 

GOOD 
MODERATE 
MODERATE 
SATISFACTORY 
MODERATE 
MODERATE 
SATISFACTORY 
MODERATE 
SATISFACTORY 
MODERATE 
MODERATE 
POOR 
SATISFACTORY 
SATISFACTORY 
POOR 
MODERATE 
SATISFACTORY 
MODERATE 
MODERATE 
SATISFACTORY 
MODERATE 
SATISFACTORY 
SATISFACTORY 
SATISFACTORY 
POOR 
MODERATE 
MODERATE 
POOR 
MODERATE 

MODERATE 
POOR 

0067(05-JUL-1995), 
0071(02-SEP—1997), STUDY DATES: 0064(05-JAN-1994), 0065(05—JUL-1994), 0066(04—JAN—1995), 

0068(01-MAR—1996), 0069(01-SEP—1996), 0070(03-MAR—1997), 
0072(02-MAR-1998), 0073(01-SEP—1998)



Table 3b SUMNIARY OF STUDY-TO-STUDY PERFORMANCE 
Mercury in Water 

LAB --------------------------------------------- MEDIAN 
CODE 0065 0067 0069 0071 0073 SCORE COMMENTS 

F002 5.6 0.0 0.0 0.0 0.0 0.0 GOOD 
F003 0.0 0.0 0.0 0.0 0.0 0.0 GOOD 
F010 35.0 28.6 — 11.1 5.6 19.8 MODERATE 
F015 0.0 0.0 0.0 0.0 75.0 0.0 GOOD 
F016 — - - - 5.6 — — 

F024 — - ‘ — 61.1 - - 

F025 57 1 - — 0.0 5.6 5.6 SATISFACTORY 
F032a ‘4 — - - 0.0 - - 

F036 70.0 - 80 0 0.0 0.0 35.0 POOR 
F037 ‘ *12.5 10 O 5 6 11.1 0.0 10.0 SATISFACTORY 
F042 — - - - 50.0 — - 

F046 50.0 11 l 0 0 0.0 75.0 11.1 SATISFACTORY 
F093 - - - 5.0 100.0 52.5 POOR 
F116 — - 50 0 0.0 0.0 0.0 GOOD 
F138 - — - - 0.0 — - 

F145 - - - - 0.0 — ~ 

F148 - - — - 50.0 - - 

INTERLAB 
MEDIAN 35.0 10.0 ' 0.0 0.0 5.6 

STUDY DATES: 0065(05-JUL—1994), 0067(05-JUL-1995), 0069(01-SEP-1996), 
0071(02-SEP-1997), 0073(Ol-SEP-1998)



Ia_ble_fi Sample design for the trace elements portion 

Sample Number Sample Expected 
Name Copper 

concentration 

FP73 TM-l TM-FSKen 8.0 

TP73 TM-2 . 
TM-24.2 7.5 

FP73 TM-3 "PM-27.2 4.7 

FP73 TM-4 "PM-26.2 14. 

FP73 TM-S TM—28.2 6.2 

FP73 TM-6 TMDA-51.2 90. 

FP73 TM-7 TMDA-51.2 321. 

FP73 TM-8 TMDA—61t+ 71. 

FP73 TM-9 TMDA-62t" 110. 

FP73 TM-10 TMDA-63tf 201. 

Note: f Barium and Strontium values were 10 times higher than expected due to a spiking error. 
(These samples will not appear in the studies again.)



Table 4b Sample design for the Mercury in water portion 

Note: 

Sample Number Sample Design Value 
Name (Hg/L) 

FP73 HG—l HG73-l 0.020 

FP73 HG-2 HG73-2 0.068 

- ‘FP73 HG—3 HG73—3 0.122 

FP73 HG—4 HG73-4 0.105 

FP73 HG—S HG73—5 0.163 

FP73 HG-6 HG73-6 0.228 

FP73 HG-7 HG73-7 0.281 

FP73 HG-8 HG73-8 0.209 

FP73 HG-9 HG73-9 0.350 

FP73 HG—lO HG73-10 0.440 

Samples aIe preserved with 1% HZSO4 and 0.05% KZCI‘ZO7
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Appendix A 

Glossary of Terms 
Quantifying Bias in NWRI QA Studies



GLOSSARY OF TERMS 

Used for the Evaluation of Interlaboratory Results 

Acceptable Deviation: The absolute value of the maximum difference between a result and the 
target value which will not be flagged. 

Bias: Results for a parameter are assessed to be biased by the procedure of 
Youden when they are consistently ranked to be either higher or lower 
than the median result. In these interlaboratory studies, for most 
parameters, a bias of greater than 5% is considered to be excessive. 
Biases of less than 5% are noted for caution and investigation. 

Bias Blank: In the graph for bias % slope, the y-intercept for the laboratory results 
indicates a systematic blank of analysis. This is the second component 
of bias. 

Bias % Slope: When laboratory results for a parameter are plotted against the target 
values, the slope as compared to the ideal results (no bias) is considered 
to be the major component of the degree of bias. For an explanation of 
Bias % Slope see the following explanation in “Quantifying Bias in 
NWRI QA Studies”. 

Erratic: Results for a parameter are evaluated as erratic when both high and low 
flags are assigned. 

Flagged Result: A result is flagged when its value is beyond that of the median (target 
value) plus or minus the acceptable difference. 

Isolated Outlier: A parameter analysis which performs satisfactorily but produces an 
extreme result. (formerly, ‘out of control’) 

Satisfactory: Fully acceptable, ‘good results’. 

‘W’ or ‘T’ Code: A ‘W’ or ‘T’ code may be used with a reported result as described in 
ASTM. However, in the NWRI QA studies, these codes may result in 
flagging discrepancies. "Less than" values or negative results are also 

legitimate when reporting the results. Laboratories should use their 
usual data reporting protocols insofar as they are compatible with the 

other laboratories.



The following three terms define the acceptable differences from the median of results (target 
value) that is allowed without a result being flagged either low or high: 

0 LLBAE: Lower Limit for Use of Basic Acceptable Error, 
0 BAE: Basic Acceptable Error, and 
o CEI: Concentration Error Increment. 

In general, for the NWRI QA studies, the values chosen for the basic acceptable error and the 
concentration error increment are selected so that good precision may be inferred. 

Historically, for the Federal-Provincial QA Program, for moderate ranges, this has been achieved 
with the 10% Deviation Rule. 

For a sample whose target value is at or below the lower limit for use of basic acceptable 
error, the basic acceptable error is used to determine the range of acceptable deviations. 

For example: Suppose that the lower limit for use of the basic acceptable error has 
been set as 10 ug/L and the basic acceptable error is 1.0 ug/L, if a target (median) 
value for a sample is 5 ug/L, then any reported result within the range 5 i 1.0 or 4.0 to 
6.0 ug/L would be considered acceptable. The BAE would define the acceptable result 
within the 0-10 ug/L range. 

For results above the lower limit for use of basic acceptable error, an allowance is made for 
the increased variability due to concentration. For almost all substances it appears that the 

variability of results increases with concentration. The allowance is added to the basic 

acceptable error. It is calculated by multiplying the concentration error increment (as a 

percentage) by the difference between the target value and the lower limit for use of basic 
acceptable error. 

For example: A target value for a sample may be 21 rig/L, the BAE is 1.0, the LLBAE 
is 10 ug/L and the CEI 0.1. The acceptable difference is calculated by the equation: 
(Target - LLBAE) x CEI + BAE. For the figures mentioned the answer would be (21 - 

10) x 0.10 + 1.0 = 2.1. Thus the range 18.9 to 23.1 ug/L would be considered acceptable 
and would not be flagged. 

The calculated acceptable difference is termed 1 criteria or crit. This value and the value of 
three standard deviations (3SD) are both action criteria in the determination of flags. When the 
reported value is subtracted from the target value, the difference is then divided by the 1 

criteria value. This produces the number of 1 crit deviations. The assigned flag depends upon 
what range this number falls into.



1 Criteria Deviations Assigned Flag 
1-1.5 LorH 

‘ 

1.5-3SD VL orVH 
>3SD EL orEH 

In cases where the 38D value is lower than that of 1 crit, only extreme flags (EL or EH) are 
assigned. A minimum of 6 results are needed for the calculation of 3SD, otherwise, 2 criteria 
deviations are used. 

.— 

References:

H ASTM, 1983, Volume 11.01, Water 1, Section II, pp. D4210—83. 
2. Ranking Laboratories by Round-Robin Tests, WJ. Youden, Precision 

Measurement and Calibration, H.H. Ku, Editor, NBS Special Publication 
BOO-Volume 1, US. Government Printing Office, Washington, DC, 1969. 
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Quantifying Bias in NWRI QA Studies 

Introduction 

Systematic bias as part of the QA data assessment is a major element in quantifying data quality. 
It is important in qualifying the accuracy of data in a general sense, when the entire set of 
analysis data may be affected by factors such as calibration, instrument setup, chemical reagent 
efficiency and purity of blank solutions. The absence of bias is not only very important when 
assessing data accuracy, but also when merging data sets from different times or locations. 

Degree of Bias ‘ 

In the NWRI QA studies with 10 sample series, systematic bias1 is assessed non—pararnetrically 
by the procedure of Youden. The degree of bias is important in these interlaboratory studies for 
two reasons. When the degree of bias is small, it should not fault a laboratory’s performance. 
On the other hand, when the degree is higher, it should be quanitified and remedial action 
undertaken. The degree of bias may be parametrically quantified by two parameters taken from 
the parameter performance chart, as in figure 1. When bias is indicated by the procedure of 
Youden, the slope and intercept, give the degree of bias. Incidentally, a complication arises from 
the high precision of methodologies and instrumentation like ICPMS. A very high precision of 
analysis may lead to an assessment of very low bias, e.g. 2 or 3%. 

1 Systematic bias is often identified with the comparison of data to a certified standard.



Parameter Performance Graph and Bias 

The pafameter performance graph, Figure 1, charts the laboratory results against the target values 
for a parameter. The ideal results, showing no bias and no deviating data, would fall on the 45° 
line labeled ‘no bias (ideal)’. In this figure, the laboratory results have a very high degree of 
precision as indicated by the the correlation coefficient (R2) of 0.9999. The slope of the 
regression line, as indicated by the equation was 0.9637 and as a percentage calculates to be - 

3.63%. This slope is one factor in evaluating the degree of bias. 

The second contribution of bias, as indicated by the parameter performance graph, is the analysis 
blank. This blank value is given by the y—intercept, and in this case is indicated to be 0.0005 ppm. 
These two factors, slope and blank are considered to be the two important considerations in 
quantifying bias. Preliminary investigation indicates that the slope value is the most important 
factor and needsto be followed most closely. However, the blank may be contaminated 
(alternatively the standards) and become the larger factor of the two. The example in Figure 2 is 
a case in point. 

Figure 2 Parameter Performance 

In this parameter 
performance graph, we 
have a worst case 

0.35 situation. The Youden

~~ 

bias for this parameter is 
0.3 -~ 

. . , . , 

No bias (Ideal) 
indicated as biased low . 

A O 25 __ 7 However, the graph for 

S ’ this parameter and 
g: 0.2 __ K laboratory indicates a 

g positive slope of 5.23%. 

E 0‘15 “ y = 1.0523): - 0.0229 UPOn exam'lfling the 
g 0 1 

R2 _._ 03951 graph, the regression line 
" ' 

“— indicates a considerably 

005 __ Slope = + 5.23 % large negative intercept 
' ’ 

or blank value. In this 

0 t t i i + : case it is the blank value 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 that needs to be 

Target Value (ppm) investigated. 

Conclusion 

Systematic bias as indicated in the NWRI interlaboratory study by the procedure of Youden has 
two distinct components. The regression equation as given in the performance graph can quantify 
these two important factors. Whereas the slope factor may be the most significant of the two, the 
blank bias factor should also be indicated for the cases where it may be the larger and more 
meaningful of the two. 

June 1996



NWRI Ecosystem Interlaboratory QA Program 
Bias Critical Values 

Trace Metals/Elements 

Parameter 0/0 

Aluminum 5 

Vanadium 5 

Chromium 5 

Manganese 5 

Iron 5 

* Cobalt 5 

Nickel 5 

Copper 5 

Zinc 5 

Strontium 5 

Molybdenum 5 

Cadmium 5 

Barium 5 

Lead 5 

Arsenic 1 0 

Selenium 1 0 

Silver 10 
Antimony 1 0 
Bismuth 25 
Lithium 10 
Beryllium 10 
Uranium 1 0 

June 1996
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