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1.0 EXECUTIVE SUMMARY

This study was carried out on behalf of the Conservation and Protection Laboratory Managers
Committee of Environment Canada to evaluate the capability of Environment Canada labs to
determine total cyanide in standards and industrial wastewaters. This is part of an ongoing
program to prepare and distribute reference materials from industrial wastewaters and containing
parameters of interest to Federal laboratories.

At the present time there are 12 Environment Canada laboratories. In order to allow comparison
with other labs and to increase the sample size, a provincial government laboratory and non-
government labs from the mining and commercial sectors were invited to participate. As a result,
31 laboratories across Canada and the USA participated in the study. Several laboratories
submitted results determined by two different analytical methods. - -

The study was carried out in 2 phases; the first for low levels of cyanide (less than 5 ppm) and
the second, for high levels (0-60 ppm). In the low level study, sample matrices included reagent
water and gold mining tailing pond effluent. In the high level study, the matrices included
Municipal STP effluent and steel industry biox effluent. In both cases the desired concentrations
of cyanide were achieved by spiking with potassium ferricyanide. This report deals with the high
level phase of the study. : : '

All samples were prepared at the Wastewater Technology Centre laboratories. Target
concentrations were developed by precise weight and volume measurements and all operations
were subject to witness. During bottling of the standard samples, sets of samples were collected
for immediate laboratory analysis (to develop empirical standard concentrations). These same
samples were also analyzed over the period of the study to test sample stability over time.

The four techniques used to edaluate the data in this study include;

e Frequency analysis to check the distribution of results to determine whether parametric
statistics (example: standard deviation, t-test) can be used. : '

® A two step flagging procedure to eliminate Grubbs outliers and flag imprecise data. |

® Regression analysis to assess accuracy and precision.

e Ranking analysis to determine if any of the laboratories are consistently biased.

Since the standard solutions were prepared with reagent grade chemicals and are not traceable
to a known standard, the Expected Value for each standard solution was calculated using the best
data returned by participating laboratories rather than the Target Value (calculated from weights
and measures). This Expected Value was used as the mean for statistical comparisons.



The key findings of this study are:

Thirteen of the 351 results submitted in the high level cyanide study fell outside 3
standard deviations of the mean and were flagged as outliers. This represents only 3.7%
of the data. A total of 23% of the results were identified as Grubbs outliers in the low
level study.

Forty one of the remaining 338 data or 13 percent of the total being identified as falling

outside one standard deviation of the mean recalculated after removal of the Grubbs

outliers. A total of 15 of the 31 labs (48%) earned at least one flagged result. A total of
67% of labs earned at least one flag in the low level study.

According to the regression correlation coefficient test, 22 of the 35 data sets (63%)
displayed good or satisfactory precision. Thirteen of 35 data sets showed poor precision.
In 2 of these 13 cases, the laboratories had difficulty in the analysis of the biox effluents.
A third lab was classified as having poor precision as the result of a single out of control
value. R

No bias was detected in 25 of 35 data sets (71% of the participants) when the regression
slope test was applied. Bias was detected in 10 laboratories by this test. Twice as many
labs were biased high than were biased low. This was due to the tendency of several
laboratories to overestimate the cyanide concentrations in the biox effluent samples. In
the low level cyanide study, 72% of the data sets were assessed as unbiased by the
regression slope test.

No bias was detected by the Rank Sum test in 29 (88 percent of the total) of the 33 data
sets. Laboratories CNO11, CN021, CN007 and CN028 were assessed as biased high,
meaning they consistently overestimated the concentration of the standard solutions and
would do so more that 95 times out of 100. These labs were also assessed as biased high
by the regression technique.

None of the laboratories were assessed as biased low by the Rank Sum test, suggesting
that, as with the regression results, more laboratories had difficulty with the
overestimation of the samples than underestimation. ToTT

Twenty seven of the 35 data sets (77%) displayed good or satisfactory regression
intercept values. Eight labs fell into the poor category. This is about the same number as
in the low level study. To establish the source of the problems in these cases, an
examination of the regression curves is recommended to determine whether the errant Y-
intercept ‘values are the result of imprecision, method failure at high concentrations,
overestimation of a single sample or inappropriate blank correction.
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ii. Abbreviations and Key Terms

The following abbreviations and key terms are used in this report. They have specific definitions
which are summarized below as well as explained more fully in the body of the report.

Milli-Q Water:
Biox Effluent:
S’fP Effluent:

Standard Solutions:
Target Values:

Expected Values:

mg/L:

Eighteen megohm quality water generated by a Millipore Milli-Q system.
Final effluent from the biox reactor at a steel plant.
Final effluent from a municipal sewage treatment plant.

The ten solutions or samples (labelled H1 through H10) sent to each
participating laboratory.

The theoretical cyanide concentrations in the Standard Solution as
calculated by weights and measures.

The cyanide concentrations in the Standard Solutions statistically
determined using data from the most accurate and precise participating
laboratories. :

Milligrams per litre, equal to parts per million (ppm).



Comparison of the variability in the results for the water—based standards and cffluents
showed a substantial difference between the two. The coefficient of variation (standard
deviation expresscd as a percentage of the mean) for the biox effluent was 75%, the STP
effluent; 57% and for samples having a water matrix was 31% before removal of the
invalid data (Grubbs outlicrs). Once the outlying results were removed from the data set,
the coefficient of variation for the biox effluent was 53%, the STP effluent; 40% and for
samples having a water matrix; 17%. The results indicate that even when the extreme
outlying results are removed from the data set, the effluent results were still more variable
than results obtained with pure water standards.

T e Thg,



2.0 INTRODUCTION

This study was carried out on behalf of the Conservation and Protection Laboratory Managers
Committee of Environment Canada to evaluate the capability of Environment Canada labs to
determine total cyanide in standards and industrial wastewaters. This is part of an ongoing
program to prepare and distribute reference materials from industrial wastewaters and containing
parameters of interest to Federal laboratories.

- At the present time there are 12-Environment Canada laboratories. In order to allow comparison
with other labs and to increase the sample size, non—-government labs from the mining and
commercial sectors were invited to participate. A total of 31 laboratories across Canada and the

USA participated in the study.

The study was carried out in 2 phases; the first for low levels of cyanide (less than 5 ppm) and
the second, for high levels (0-60 ppm). In the low level study, sample matrices included reagent
water and gold mining tailing pond effluent. In the high level study, the matrices included
Municipal STP influent and steel industry biox effluent. In both cases the desired concentrations
of cyanide were achieved by spiking with potassium ferricyanide.

This report was prepared in 2 independent sections to reflect the 2 phases of the study.

*
¢
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30 TECHNICAL APPROACH
3.1 STUDY DESIGN

The study was designed to test laboratory proficiency in both pure water and industrial effluent
matrices using ferricyanide (Fe(CN),) as the spike. The pure water matrix samples minimize
potential interference whereas the effluent matrix samples provide the participating laboratones
with samples containing interferences normally found in environmental analysis.

A total of ten samples were sent to each laboratory using ferricyanide (Fe(CN)g) as the spike.
Four samples were prepared with target:concentrations of 10 to 40 mg/L CN~ in pure water, four

samples covered the range of 25 to 85 mg/L CN- in steel industry biox effluent, and three
samples contained 0-11 mg/LL CN- in treated STP effluent. The background cyanide
concentration was about 27 mg/L in the steel industry biox effluent and about 0.03 mg/L in the
STP efﬂuent =

Table 3.1 summarizes the target cyanide concentrations in the samples prepared for the study
The actual values determined in thxs study are summarized in Table 4.2.

The participating laborateries were each given a umque identification code number (CNOOl
through CNO036). For labs submitting more than one data set, the letters A and B were appended
to their codes. These code numbers were used in all subsequent correspondence to ensure the
confidentiality of the results. :

The samples were sent to the part1c1pants on Monday, February 17, 1992 by overnight courier.
The ten samples were numbered mndomly (asintable 3.1). The results were requested by March
31, 1992. o

On Apnl 27, 1992, a summary of the raw results were retumed to each participant with a request
that they check the results for data entry errors. The laboratories were advised at the outset that
changes to results, other than data entry errors, could not be made at this time. Four laboratorjes
requested corrections and these were made.



32 PREPARATION OF STANDARDS AND SAMPLES

32.1 OVERVIEW

A set of ten 30 litre standard cyanide solutions was prepared in 50 litre carboys for the study.
Of these, seven were prepared in an effluent matrix and three in a pure water matrix. Initially
a stock solution of 1000 mg/L CN- was prepared with aliquots of this stock solution used to
. make up the standard solutions. - The samples were bottled directly from the standard solution

carboys.

In the preparation of the standard solutions and the samples, all weights, measurements, and
records were witnessed by an observer to prevent mistakes by the analyst.

322 EQUIPMENT AND REAGENTS

The cyanide for the preparation of the stock solution was potassium ferricyanide (K ,Fe(CN) -
3H,0) provided by Fisher (Certified ACS potassium ferricyanide, Cat. No. P-236, Lot 712095).
Impurities in the reagent were 0.015% by weight and were accounted for in the preparation of
the stock solution. No certified traceable source of pure cyanide salt (example: National Bureau

of Standards, Canadian Sta}ndards Association, U.S. Environmental Protection Agency) could be

found.

To stabilize the stock solutions and samples sodium hydroxide (NaOH) was added to bring the .

pH to 12. The sodium hydroxide was purchased from Fisher (Certified ACS sodium hydroxide,
Cat. No. S-320. Lot 736976-60). N

All water used for stock solutioh preparation and dilution of standards was 18 megohm produced
by a Millipore Milli-Q water purification system. The effluents were biox effluent from local
steel mill and treated effluent from a municipal sewage treatment plant. S e

Stock solutions were prepared using a balance and volumetric glassware. The balance calibration

was checked with standard weights on November 18, 1991 and found to be accurate 16 +0.001
gram. Volumetric dispensing of the stock solution to the standard solutions was done using

volumetric pipettes.

The standard solutions were prepared in new 50 litre polypropylene carboys. The carboys were
first washed with dilute sulphuric acid and triple rinsed with 18 megohm water. The samples
were dispensed from the carboys through Tygon tubing into new 500 mL rectangular Nalgene
bottles (high density polyethylene, Nalgene product number: 2007-0016).



”- -

‘GN -EEE -eEl

32.3 PREPARATION OF STOCK WATER AND CYANIDE SOLUTIONS

The stock water or effluent was prepared in batches as required by putting 130 litres of water or
effluent into a 200 litre plastic carboy and adding 480 ml of 20 % NaOH solution. This stock
water was at pH 12 and was used as dilution water to make up the standard solutions.

The stock cyanide concentrate containing 10000 mg/L. CN™ was prepared as follows: Into a1
litre volumetric flask, 0.5 litre of water and 10 ml of 1 N NaOH were added and the pH tested
with pH paper (pH 12.5). To this, 27.0624 g of K;Fe(CN), - 3H,0 was added and the volume
brought up to below the 1 litre line. The pH was checked again and the solution made up to
volume. :

32.4 PREPARATION OF STANDARD SOLUTIONS

A set of ten cyanide solutions were prepared for the study with target concentrations shown in
Table 3.1. The quantities of reagents used to prepare the standard solutions are also summarized
in this table. All were prepared using the stock water, effluent and cyanide solutions discussed
in the previous section.

The standards were prepared in SO litre polypropylene carboys according to the following general
protocol:

¢

1) The carboys were washed with dilute sulphuric acid solution and rinsed three times with
18 megohm water. '

2) Approximately 30 Kg of stock water was weighed into each carboy-and this calibration
level was marked for further reference. The exact weight of water was measured for each
calibration level. o
3)  Stock water (Milli-Q water or effluent with NaOH to pH 12) was added to the carboy
up to the calibration line (approximately 30 Kg). The exact weight of stock water was
calculated using the measured density and calibrated mark on the carboy.
T wmm The s,
4) The required amount of 10,000 mg/L CN" stock solution (see section 3.2.3) was added
directly to the carboy using a volumetric pipette.

S) ‘The contents were stirred for 1 minute with an electric mixer.

6) Each addition, weight or volume, was checked by a second analyst and the record
initialled.

7 The solutions were bottled immediately and stored at room temperature until shipping.



Table 3.1

REAGENT QUANTITIES USED TO PREPARE THE HIGH LEVEL CYANIDE

STANDARD SOLUTIONS

Sample Matrix Cyanide Spike | Cyanide Stock
Number Level Stock! Water
(random) _ (mg/L) (ml) (kg)
H H1 Biox Effluent 10 30.0 29.971
Ifnz STP Effluent 10 30.0 29.971 “
H3 STP none none 29.971
i Effluent
H4 | Water 10 30.0 29.971 ||
HS Biox ° 40 120.0 30.094
Effluent
H6 Biox 20 60.0 29.971
Effluent ’
H7 Water * 20 60.0 30.094
HS Water 40 120.0 30.094
H9 “ Biox Effluent none none 29971 II
H10 - 5 15.0 30.094
Effluent .-

+: 10,000 mg/L Stock Cyanide Solution

3.2.5 BOTTLING OF STANDARD SAMPLES

The samples were dispensed from the 50 litre carboys directly into new rectangular 500 mL
Nalgene bottles through Tygon tubing immediately after preparation. All solutions were
mechanically stirred for 1 minute prior to bottling. The bottled samples were capped and stored
at room temperature until shipping. The filling sequence was recorded and three samples per

sequence (starting, middle, and end) were retained for internal analysis.

G 5 &GN N N T M G TE Uy S v S E G EE D Em
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3.3 VERIFICATION OF STANDARD CONCENTRATIONS

33.1 OVERVIEW

Verification of the standard concentrations was done using procedures to assure accurate target-
concentrations by weights and measures as well as by actual analysis of standard samples. Target
concentrations were developed by precise weight and volume measurements (see Table 3.1) and
all operations were subject to witness. During bottling of the standard samples, sets of samples
were collected for immediate laboratory analysis (to develop empirical standard concentrations).
These same samples were also analyzed over the period of the study to test sample stability over
time.

No traceable source of pure cyanide salts were available for the study so Fisher Certified ACS
potassium ferricyanide was used.’ The impurity content provided by the supplier (0.015%) was
factored into the calculations for making up the cyanide standard solution but no independent
verification of the purity was undertaken. ‘

33.2 WITNESS SYSTEM

To reduce the chance of measurement, reading, or recording error a qualified witness observed - -

all acts of weights and measures during the preparation of the stock and standard solutions. .
Laboratory notes were initialled by the witness throughout the procedure. ' :

33.3 INTERNAL ANALYSIS OF STOCK REAGENTS

Internal analysis was performed on the stock reagents used. Analysis of the Stock Water (Milli-
Q water with NaOH to pH 12) showed no detectable cyanide (less than 0.005 mg/L). Triplicate

analysis of the steel industry biox effluent showed a cyanide concentration of 24.7 = 0.6 mg/L.
Triplicate analysis of the municipal treatment plant effluent showed a cyanide concentration of

0.033 = 0.003 mg/L.

e —TM T,

33.4 INTERNAL ANALYSIS CF FRESH STANDARD SOLUTIONS DURING BOTTLING

During the bottling of the standard solutions three 500 mL samples were collected for internal
analysis. The samples collected were the first in the bottling series (bottle 1), one in the middle
of the series (bottle 25), and one at the end of the series (bottle 53, 54, 55, or 56). Each of these
samples was analyzed for cyanide concentration.

The results are shown in Table 3.2. From these data, we concluded that there were no systematic
differences in cyanide concentration between the first and last samples bottled in each Standard
Solution.



TABLE 3.2

ANALYSIS OF SAMPLES COLLECTED DURING THE BOTTLING RUN

Sample | Matrix Position of Sample in Mean | Standard
Bottling Run Deviation
Start Middle

Biox Effluent

H H2 STP Effluent 10 10| 10| 10.000 0.000

| 13 STP Effluent 0 0 0| 0033 0.002 |

| H4 Water 10 11| 10| 10333 0471 |

{ HS Biox Effluent 67 67| 64| 66.000 1.732 ||

| Ho Biox Effluent. 46 47| 45| 46.000 0.816 F

| 17 Water 21 20| 21| 20667 0471

{ H8 Water 42 42| 42| 42000 0.000

| H9 Biox Effluent 25 25| 24| 24.667 0471

| H10 STP Efflucnt 5 5 s| 5317 0.109

33.5 INTERNAL ANALYSIS OF STANDARD SOLUTIONS FOR STABILITY

To determine if the standard S’amplcs were stable for the duration of the project, the samples
retained for internal analysis were analyzed weekly for cyanide concentration. Each standard
solution was tested three times between the start of the project and the date results were due from
the participating laboratories. '

The results are given in Table 3.3. From these results, we concluded that there was no evidence
that the cyanide concentration in the bottled standard samples changed over the duration of the
study. - :

——_R L. e
-_— T

10



i S5 Ol 0E G 0 N G aan ) Ny &m @

TABLE 3.3

ANALYSIS OF BOTTLED STANDARDS OVER THE DURATION OF THE STUDY

Sample Cyanide Concentration (mg/L) Standard
Week 0 | Woek 2 | Wook 3 | Week 4 | Mean | Deviation
Biox 36 35 36 34| 35.250
Effluent .
H2 STP 10 10 11 10| 10.250 0433
Effluent
H3 STP 0 0 0 0] 0.035 0.002
Effluent
H4 Water 10 10 10 10| 10.083
HS5 Biox 56 66 68 66 | 64.000
Effluent
H6 Biox 46 45 46 45| 45.500
Effluent -
H7 Water 21 21 20 19 20.175
H8 Water 42 42 42 42| 42000 | . .
H9 Biox .25 24 25 24 | 24.425
Effluent " :
H10 STP 5 5 5 51 5.195
Effluent
11




34 DATA EVALUATION

34.1 OVERVIEW

The purpose of assessing the data in this project is to identify values which differ significantly
from the values expected and to characterize the status of laboratory analysis in general. Since
the standard solutions were prepared with reagent grade chemicals and are not traceable to a
known standard, the Expected Value for each standard solution was calculated using the best data
returned by participating laboratories rather than the Target Value (calculated from weights and
measures). This Expected Value is used as the mean for statistical comparisons. Its
rationalization and calculation is described in section 4.2.3 of this report.

In addition to identifying outlying data and laboratories, the analysis techniques provide useful
information as to why certain data or laboratories deviate significantly from the Expected Values.
The interpretation of the statistical analysis is used to constructively review the performance of
the participating laboratorjes.-

The four techniques used in this study are:

e Frequency analysis to check the distribution of results to confirm that parametric statistics
(example: standarc},dcviation, t—test) can be used;

e A two step flagging procedure to eliminate Grubbs outliers and flag imprecise data;

e Regression analysis to compare each laboratory's results with the Expected Values and
_ evaluate precision;

e Ranking analysis to detérmine if any of the laboratories are consistently biased.

Each technique is described in more detail below.

3.4.2 FREQUENCY DISTRIBUTION OF DATA

Round robin analytical data is expected to be distributed normally (ie. the data are distributed on
a normal or "bell" curve) but there are cases such as consistent high or low end method failure
where the data may appear skewed or even bi-modal. Frequency distribution is used to
subjectively determine if the data are distributed normally. '

To test the frequency distribution the data sets for each standard sample are arithmetically

adjusted about a single mean. The frequency distribution of the entire data set is then plotted
and visually interpreted.

12
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34.3 FLAGGING PROCEDURE

The flagging procedure is done in two stages. In the flagging procedure the variability of the
data is estimated using the standard deviation statistic calculated as a function of Quattro Pro
3.0® (Borland International). An explanation and definition of the statistic can be found in most
introductory statistics texts such as Ostle and Mensing, 1975. :

The first stage was to remove all invalid data generally referred to as Grubbs outliers (reference
1) and defined as all results which are more than three (3) standard deviations from the mean.
Once the Grubbs outliers are removed, the means and standard deviations for each Standard
Solutions are recalculated.

In the second stage of the flagging procedure the recalculated means and standard deviations are
used to identify the data which lies -outside one (1) standard deviation from the mean. The
criteria of 1 standard deviation is arbitrary but considered reasonable by the authors for the
purposes of this study. |

To determine the Expected Values for each Standard Solution (the value deemed as correct) the
outliers (ie. the data which lie outside one standard deviation from the mean) are removed from
the data set and the means are recalculated. These means, which répresent the results obtained
by the central core of unflagged labs, are used as the Expected Values. :

34.4 REGRESSION ANALYSIS

Linear regression analysis is done for the results of each participating laboratory. The analysis
is done using the linear regression function (calculated using least squares) of Quattro Pro 3.0®
(Borland International) . An explanation and definition of the statistic can be found in most
introductory statistics texts such as Ostle and Mensing, 1975.

This analysis tests the performance of the laboratory by comparing the reported results of the
laboratory to the Expected Values. Regression analysis provides both a visual representation of
the data as well as descriptive statistics such as slope, regression coefficient, and Yiyre,- The
results of regression analysis can' be used to diagnose some of the typical problems found in
laboratory performance studies. These problems, illustrated in Figure 3.1, include: ==7"**

Lack of precision (case 1)

Calibration problems (high bias illustrated in case 2)
Analytical blank problems (combined with high bias in case 3)
Single sample outlier problems (case 4)

Method failure (case 5)

Case 6 in Figure 3.1 represents the ideal situation; perfcct accuracy and precision. It should be
noted that in Figure 3.1, the line passing through the data points represents the best fit regression
line, while the other indicates the expected values.

13



Figure 3.1

TYPICAL PROBLEMS ENCOUNTERED IN
LABORATORY PERFORMANCE STUDIES
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Using the descriptive statistics generated by regression analysis the precision of a laboratory is
reflected in how close the reported data are to the regression line. This "quality of fit" is
quantified by the regression coefficient R%. For the purposes of this study the authors have
arbitrarily chosen the following criteria: A regression coefficient (R?) of greater than 0.995 to
indicate good precision; An R? between 0.995 and 0.990 to indicate satisfactory precision; An
R? of less than 0.990 to indicate poor precision.

The accuracy of each laboratory is reflected in the slope of the best fit line. The slope of the
ideal line is 1.0 therefore lines which deviate significantly from this may indicate a calibration
problem. For the purposes of this study the authors have arbitrarily chosen the following criteria:
Laboratories with slopes falling between. 0.85 and-1:15 are considered unbiased. Laboratories with
slopes greater than 1.15 are designated as biased high. Laboratories with slopes less than 0.85
are designated as biased low. ' .

A problem with the analytical blank may manifest itself as a deviation of the Y from the

origin. For the purposes of this study the authors have arbitrarily chosen the following criteria:
A Yy Within 0.3 mg/L of the origin is considered good; A Yiuceu Within 3 mg/L is
considered satisfactory; A Y greater than 3 mg/L from the origin is considered poor. :

34.5 RANKING OF DATA TO DETECT BIAS

A Rank Sum Test (Youden and Steiner, 1975) is used to determine if any of the participating
laboratories are consistently biased (ie. does a specific laboratory overestimate or underestimate
all the Standard Solutions in a systematic manner). To calculate this statistic, the data from each
laboratory for each Standard Splution are ranked. The rank 1 is given to the lowest result, a rank
of 2 to the next lowest and so on. The rankings are then summed for each laboratory. The
presumption is that a laboratory which ranked 1 for most or all standard solutions has a
pronounced systematic bias towards underestimating the concentration.

The criterion for detecting bias is suggested by Youden as 5 percent. This criterion was adopted
in the present study. This means that laboratories identified as biased by the test would be
expected to be biased 19 times out of 20.

This statistic is useful in determining laboratories which are consistently producing either high
or low results. Youden's rank test is non—parametric and can therefore be used without having
normally distributed data. This makes it useful if the data are skewed or bi-modal in
distribution. Like the paired t—test, however, Youden's rank test loses sensitivity if a laboratory's
data is imprecise. It is, therefore, most useful for detecting slight biases in results from labs
displaying a high degree of precision.

15



A summary of the strengths and weaknesses of the methods used to evaluate the results is given

in Table 3.4
TABLE 3.4
SUMMARY OF DATA EVALUATION METHODS
Method Features Weaknesses Requires Normal Data?
Outlier Analysis —gives information on cach —cannot distinguish inaccuracy | yes
individual result from imprecision
-recognizes differcnces -flagging criteria depends upon
between measured and eatire group, therefore, if the
expected values catire group perfarms poorly,
the flagging criteria are less
strict
Regression Analysis -Jooks at pooled sample set -strongly affected by outliers yes
—~can distinguish imprecision
from inaccuracy
~indicates magnitude of biases
-informative graphical format
Rank Sum Test —detects bias -may not detect bias in Do
=Jooks at pooled sample sct imprecise results or in cases
—doesn't require normally where measured result line
distributed results crosses the expected line
. —docsa't give magnitude of
¢ biases detected
«
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4.0 RESULTS AND DISCUSSION

41 SUMMARY OF PARTICIPATING LABORATORIES

Thirty one laboratories participated in the study providing a total of 36 groups of results for
analysis. A list of the participating laboratories is in Appendix 1. It should be noted that this
listing is not in order of laboratory code.

4.2 ASSESSMENT OF LABORATORY PERFORMANCE
42.1 OVERVIEW

The purpose of the performance tests are to gain information concerning the accuracy and
precision of each laboratory and to provide information as to why any specific laboratory had
difficulty. It is the aim of these studies to provide constructive comments to the participants
concerning potentially correctable problems such as calibration error, inappropriate blank
correction, or method failure.

The laboratory performange is discussed in general terms in the following subsections. In
addition, laboratory specific performance information is given in section 6.0. A complete table
of the raw results is in Appendix 2.

422 DATA DISTRIBUTION

The overall distribution of the data was checked by developing a frequency distribution after
arithmetically adjusting each standard sample result around a single mean. The purpose of this
is to determine if there are any unusual skews in the data or if the data is bi-modal. Such non-
normal distributions would indicate if there was a general method failure at the high end or near

~ zero through the overall study. In addition, normally distributed data are necessary for the yse .. .

of standard deviation statistics.

The frequency analysis, with and without the removal of Grubbs outliers, is shown in Figure 4.1.
The shape of this distribution indicates the entire data set is probably normally distributed. There
are small peaks at the high end of the distribution but these are largely accounted for when the
Grubbs outlyers are removed (lower figure).

In addition to the frequency plot of the entire set of results, we tested each set of sample results
using four standard normality tests. All four tests indicated that five of ten sets of results were
normally distributed when outying values were removed. A further three sets were assessed as
normal by at least one of the four tests after the removal of outliers. Two sets of results (HS and
H7) were not normal by any of the four tests under any conditions.
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Several of the frequency plots for the individual sample result sets were skewed toward the right,
" or towards higher values. None were skewed to the left, or lower values. This indicates that for
some samples, overestimation of the results was more common that underestimation. There was
no correlation between the type of sample (eg. biox effluent, STP effluent or water-based
sample) and the shape of the distribution of results.

A non-normal distribution of results is not expected to influence the laboratory evaluations based
on the regression analysis or the rank-sum test. The regression analysis uses only the slope,
correlation coefficient and intercept of the best fit line and does not use the standard deviation
of the data. The rank sum test is specifically used because it does not require a normal
distribution of results.

The only test which is based solely on the mean and standard deviation is the assignment of
flags. A non-normal distribution of results would influence the expected value and the standard -

deviation. We concluded that, in this case, the effect of non-normalcy would probably be only
to widen the window into which "acceptable” results may fall. We recognize this limitation but,
as the choice of a window.defined by the mean plus or minus one standard deviation is itself
arbitrary, we feel that the results of the flag assignment are still useful. :

18



FIGURE 4.1

Fregquency

Frequency

DISTRIBUTION OF STUDY RESULTS

WTC4 HIGH LEVEL CYANIDE STUDY

Prequency Analysis

140
130 -
120
110
100
80
80
70
60
60
40
30
20

10

r . i B m
00 | 4500 | 7500 | 10s.00 | 13500 |
80.00

—45.00 -16.00 15,
-30.00 0.00 30.00 60.00
Normalised cyanide c

WTC4 HIGH LEVEL CYANIDE STUDY

Frequency Analysis (no Crubbs outliers)

120.00 160.00

130
120 |- e
110 -
100 |-
80
80 |-
70
60 -
50
40 r
30 -

‘20 |

i R AR RS . . oy -
—15.00 | 1500 1 4500 | 7500 | 105.00 | 135.00 |
-30.00  0.00 30.00  60.00 0

Normalized cyanide concentration

19

90.00 120.00 150.00



423 EXPECTED VALUES

In this study the Expected Values are produced from the data submitted by the participating
laboratories. The process is to use the full raw data set to calculate means and standard
deviations (SD) for each Standard Solution.. The Grubbs outliers (data. more than 3 SD's from
the mean) are then removed and the means and SD's are recalculated giving the valid data set.
In the valid data set all data more than 1 SD from the mean are then rejected and the means
again recalculated. These means are the Expected Values. The spike levels and resulting
.Expected values are shown in Table 4.2.

Table 4.2

INTERLABORATORY STUDY FOR LOW LEVEL TOTAL CYANIDE
TARGET AND EXPECTED VALUES FOR THE STANDARD SOLUTIONS

SAMPLE TARGET VALUE EXPECTED VALUE
NUMBER | (mg/L) as CN° (mg/L) as CN-
H1 10 mg/L + H9 value
H2 10 mg/L + H3 value 10.63
H3 unspiked STP effluent 0.025
H4 10 mg/L in Milli-Q 10.66
water _ |
HS 40 mig/L + HY value . 67.63
H6 20 mg/L + HY value 46.51
H7 20 mg/L in Milli-Q 21.13
water . u_‘_ .
H8 40 mg/L in Milli-Q 42.46 I
water
H9 unspiked steel industry 27.10
biox effluent
H10 5 mg/L + H3 value 5.39
20
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42.4 ASSIGNING FLAGS

Flags were assigned in two stages. The first stage removed the invalid data (Grubbs outliers)
falling outside three standard deviations of the mean. This resulted in the removal of 12 of the.
350 results or 3.4 percent of the total. Table 4.3 shows the sample results classified as Grubbs

outliers.

TABLE 4.3

SUMMARY OF RESULTS LYING OUTSIDE 3 STANDARD DEVIATIONS OF THE
MEAN (GRUBBS OUTLIERS)

LABORATORY SAMPLE NUMBERS OUTSIDE 3
CODE STD. DEV. OF THE MEAN

¢ H1,HS,H6,H8 H9
H1,H6,H9 "

H2,H7,HS
HS |
H10 | | ||

Thirteen of the 351 results submitted fell outside 3 stanciard deviations of the mean and were
flagged as outliers. This represents only 3.7% of the data. A total of 23% of the results were
identified as Grubbs outliers inthe low level study.

All of the sample numbers (ie. H1 to H10) appear to be evenly represented in the invalid data
pool therefore no particular sample seemed to cause analyuml difficulty. A table of the full data
set with the invalid data removed is in Appendix 3. . _ -
The second stage of flagging was to xdentlfy results fallmg out31de 1 standard deviation. This
was done by tabulating the data with the Grubbs outliers removed (see appendix 6), recalculating
the means and standard deviations for each of the Standard Solutions, and flagging all data which
lie outside one standard deviation of the mean. This resulted in 41 of the remaining 338 data
or 13 percent of the total being identified as outliers. Table 4.4 shows the laboratories and
sample numbers which are outside 1 standard deviation of the mean.
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Table 4.4

SUMMARY OF RESULTS LYING OUTSIDE 1 STANDARD DEVIATION

A total of 15 of the 31 labs (48%) earned at least one flagged result. A total of 67% of labs
earned at least one flag in the low level study. No particular sample seemed to cause analytical

OF THE MEAN
LABORATORY | SAMPLE NUMBERS FALLING OUTSIDE |
CODE 3 STD.DEV. OF THE MEAN
CNO0S H2, H4, H7, H10
|| CN007 H3, H4, H5, H7, H8 “
“ CN008 H3, H8 J
| cnvoos H1, H5, H6, H8, H9 ]
‘rcmu H1, H4, H5, H6, H10
CNO13 H10
CNO17 H7, H8
CNO18 H3 Jl
CNO20 H2, H3, H4, H7, H8
CN021 H2, H4, H8 {‘
CN022 H10 ||
CN027 HS
I cNo28 HS .
CN029 H2, H3, H4
CN031 H7, H8
CN032 H6

difficulty. A table of the full data set with all outliers removed is in Appendix 4.
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42.5 REGRESSION ANALYSIS

Linear regression analysis was done for each participating laboratory. The results submitted by
the laboratory were regressed against the Expected Values. A best fit line, slope, and Yy cem
were calculated for the submitted results. A summary of the findings are given below and the
actual regression curves are included in the lab-specific summaries in Section 6.0.

This analysis is very useful in trouble-shooting analytical problems. Inferences can be made
about precision, calibration problems, blank problems, and overall accuracy. In addition, the
graphical representation of the data on the regression plot provides an intuitive picture of the
overall laboratory performance. '

4.2.5.1 Precision Evaluated by the Regression Coefficient, R?

The precision of each laboratory is reflected in how well the data fit on the regression line. This
"quality of fit" is quantified by the regression coefficient R%. In this study we have assumed that
a regression coefficient (R?) of greater than 0.995 indicates good precision and an R? between
0.995 and 0.980 indicates satisfactory precision. An R® of less than 0.980 indicates poor
precision.

Table 4.5 shows the participatfng laboratories with regression coefficients in descending order
of R% o

‘e
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Table 4.5

REGRESSION COEFFICIENTS OF PARTICIPATING LABORATORIES

0.990012

0.989339

CNO12A 0989229 .

“ QW3sB 0998420 CNO36A 0.989169 .

awis 0997463 o4 0.9880 .
QW04B 0.997395 0.985970

-

B

Twenty two of the 35 data sets (63%) displayed good or satisfactory precision according to these
criteria. Thirteen of 35 data sets displayed poor precision. Of the latter group, 2 labs showed
difficulty in the analysis of the biox effluents. One lab was classified as having poor precision
as the result of a single out of control value.

42.5.2 Use of the Regression Slope to Detect Bias

The accuracy of each laboratory is reflected in the slope of the best fit line. The slope of the
ideal line is 1.0. Lines which deviate significantly from this may usually reflect bias caused by
a calibration problem. Laboratories with slopes within 0.15 of 1 (ie between 1.15 and 0.85) are
considered unbiased in this study. Laboratories with slopes above 1.15 were flagged as biased
high. Laboratories with slopes less than 0.85 were flagged as biased low.
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Table 4.6 lists the laboratories, regression slopes and bias assessments.

TABLE 4.6
REGRESSION SLOPES AND BIAS ASSESSMENTS OF PARTICIPATING
LABORATORIES '
LAB CODE | REGRESSION SLOPE | INFERENCE LAB CODE REGRESSION | INFERENCE
- SLOPE - |
CNooS 3890118 High bias || CNOO4A 1014322 No bias
- detected
I cvoo7 3.460992 « | avois 1011841 .
!i Qw0 2934032 * | awio 1007789 .
| awon 1.924867 | avoza 1.005004 .
! Qw28 137 || v 0997703 .
| o 1326293 * | cws 0.989312 .
‘ Qw32 1264 . ‘ CN0O4B 0982840 .
| cvs _ 1113900 No bias ‘ auz 0945191 . “
: detected
i awsl * 1078%05 I aws 0944919
ii oA . 1069937 * | awso 0916147 . "
‘ awe , . 1067757 !. awl4 09110 .
l awis . . 10603 " || ooz 0.902649 . ﬂ
| QwicB . - Yoso0 « I cwr? 0.891481 .
| s 1040 "It awos 0832274 Low bias
i aosA 1034224 « | v 0.736724 .
[ cors o 1026113 || cwo 0636213 [ = ~.% |l
HTZNOSSB 1015720 .

No bias was detected in 25 of 35 data sets (71 percent of the participants) listed in Table 4.6.
Bias was detected in 10 laboratories. In the low level cyanide study, 10 labs were also flagged
as biased. In the present study, twice as many labs were biased high than were biased low.
Several laboratories displayed major difficulties in the handling of biox effluent samples. One
assessment of high bias arose from the gross overestimation of one sample concentration. The

remaining 9 results displayed no bias.
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4.2.5.3 Evaluation of the Regression Intercept
Deviation of the Y. from the origin may indicate an analytical blank problem, poor precision
or method failure at high concentrations. In this study, @ Yj ey less than = 0.30 mg/L is

considered good and those within + 3.0 mg/L are considered satisfactory. A Yinerce £reater than
3.0 mg/L is designated as poor.

Table 4.7 lists the laboratories and regression Y intercepts sorted from highest to lowest.

TABLE 4.7

REGRESSION Y INTERCEPTS OF PARTICIPATING LABORATORIES
' LISTED IN DESCENDING ORDER

Poor -0.111517
Poor 0235334
“ aNo20 4735902 Poor || CnNO16 0283938 GooT“
“ awn 2124377 Satisfactory || CN035B -0.430869 sm«ﬂ'
Qw10 1987220 Satisfactory || CNO36A 0573802 Satisfactory
' n Qw31 1.606632 Satisfactory || CNOO4B e 0598912 Satisfactory
rcmos 0.982687 Satisfactory J| CNO36B | ¢ -0.680016 Satisfactory “
H Qw4 oy - Satisfactory || CNO4A . -0.708153 Satisfactory “
“ Qw30 0.721138 Satisfactory | CNOO2 -0.899966 Satisfactory “
“ awz 0.680941 Satisfactory || CQNOI12A -1.134451 Satisfactory
NoA : 0376211 Saisfactory |} aNO26 L -1.202626 ‘Satisfactory ..,
aw2s 0373905 Satisfactory || CNO12B © -1.247627 Satisfactory “
CNoO3 o Satistactory || CNo21 . -1.259016 Satisfactory |
avo19 0.275670 Good || cNo32 -1.891 Poor
CNo18 0.2443 Good “ CNO28 -13567 Poor
avon3 -0.076603 Good l aNoo? —4.902544 Poor
cNo1S -0.088846 Good || CNOO9 -7.080923 Poor
| CNOOS -9.796815 Poor
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Twenty seven of the 35 data sets (77%) displayed good or satisfactory regression intercept
values. Eight labs fell into the poor category. This is about the same number as in the low level
study. To establish the source of the problems in these cases, an examination of the regression
curves is recommended to determine whether the errant Y-intercept values are the result of
imprecision, method failure at high concentrations, overestimation of a single sample or
inappropriate blank correction. :

42.6 RANKING FOR BIAS ..

The Rank Sum Test (Youden et al, 1975) was used to determine if any of the participating
laboratories were consistently biased (ie. did a specific laboratory overestimate or underestimate
all the standard solutions in a systematic manner). .This test complements the regression slope
analysis but does not require a normal distribution of results in order to be valid. In this test, the
data from each laboratory for each standard solution are ranked. The rank 1 is given to the
lowest result, a rank of 2 to the next lowest and so on. The rankings are then summed for each
laboratory giving the Rank Sum statistic. Laboratories with unusually low or hxg,h rank sums are
designated as biased low or biased high, respectively.

The results of the Rank Sum test are shown in ascending order in Table 4.8 with the Laboratory
code, the Rank Sum, and inference. The results for laboratories CN0OOS and CNO17 were
incomplete and were omitted from this analysis. This left a total of 33 data sets. Using a linear
extrapolation of Youden's assessment criteria (Youden et al, 1975), laboratories are considered
unbiased if their Rank sums fall between 82 and 258.

No bias was detected by the rank sum test in 29 (88 percent of the total) of the 33 data sets.
Laboratories CN011, CN021, CN007 and CN028 were assessed as biased high, meaning they
consistently overestimated the Goncentration of the standard solutions and would do so more that
95 times out of 100 These labs were also assessed as biased high by the. rcgressxon technique.

None of the laboratories were assessed as biased low, suggesting that, as with the regression

results, more laboratories had difficulty with the overestimation of the samples than
underestimation. _— e
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TABLE 4.8

- RANK SUM TEST RESULTS FOR PARTICIPATING LABORATORIES

T

No Bias
Detected

43 PERFORMANCE WITH EFFLUENTS vs WATER MATRIX

The spiked samples analyzed by the participating laboratories were provided in both effluent and
pure water matrices. The water matrix samples (H4,H7,H8) were a matrix of Milli-Q water at
pH 12. The effluent matrix samples were obtained from steel industry biox reactor
(H1,H5,H6,H9) and from a municipal sewage treatment plant (H2,H3,H10) and were adjusted to
pH 12.

The means and standard deviations of the raw data set and of the data set with the laboratories
having Grubbs outliers removed were calculated to determine if there was a trend towards more
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variability in effluent samples. These calculations are summarized in the Table 4.9 below.

TABLE 4.9
WATER vs EFFLUENT MATRIX EFFECTS
RAW DATA GRUBBS OUTLIERS
REMOVED

SAMPLE | MATRIX | MEAN | SD COEFF. | MEAN |SD | COEFF.
NUMBER - VAR. VAR.
H1 Biox eff. | 4874 [4083 |84 4009 |[2232 |56
H2 STPeff. [1118 |[250 |22 1089 |187 |17
H3 STP cff. | 0036 | 0039 | 108 0031 |0.026 | 84
H4 Water 1119 |258 {23 1119 |[258 |23
H5 Biox eff. | 8175 |42.04 |51 7708 | 3284 | 43
H6 Biox eff. | 6268 |[4259 | 68 5401 |2s542 |47
H7 Water 2424 | 1184 |49 2233 |416 |19
H8 Water 4552 |[1008 |22 4328 |438 |10
HY Biox eff. | 3877 |38.02 |98 3051 | 1935 | 63
H10 STP eff. | 603 2.55 42 5.64 113 |20

SD: Standard deviation.

COEFF VAR: Coefficient of variation; equals (100 x standard deviation)/mean

GRUBBS REMOVED: The data set with laboratories havmg Grubbs outliers (ie-data-outside
of 3 SD's of the mean) removed.
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The coefficient of variation of the raw data without and without Grubbs outlying labs removed

shows a substantial difference between effluent and water matrices. The coefficient of variation

for the biox effluent was 75%, the STP effluent; 57% and for samples having a water matrix
was 31%. Once the outlying results were removed from the data set, the coefficient of variation
for the biox effluent was 53%, the STP effluent; 40% and for samples having a water matrix;

17%.

The results indicate that even when the extreme outlying results are removed from the data set,
laboratories still produced effluent results that were more variable than with pure water standards.
This cannot simply be a function of the cyanide concentrations present because the water
standards contained higher cyanide concentrations than the STP effluents. It is unlikely that the
higher variability in the biox effluents is related to the higher concentrations present in those
samples as the relative variability in. measurements usually decreases or does not change with
increasing concentration. It rarely increases. Furthermore, several labs had obvious difficulty in
estimating the concentrations present in the biox effluents. The results presented in this section
indicate that even when the extreme results are removed from the data set, a large proportion of
labs overestimated the actpal concentrations in the biox samples.
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5.0

SUMMARY AND CONCLUSIONS

The key findings of this study are:

Thirteen of the 351 results submitted in the high level cyanide study fell outside 3
standard deviations of the mean and were flagged as outliers. This represents only 3.7%
of the data. A total of 23% of the results were identified as Grubbs outliers in the low
level study. . :

Forty one of the remaining 338 data or 13 percent of the total being identified as falling
outside one standard deviation of the mean recalculated after removal of the Grubbs
outliers. A total of 15 of the 31 labs (48%) earned at least one flagged result. A total of
67% of labs earned at least one flag in the low level study.

According to the regression correlation coefficient test, 22 of the 35 data sets (63%)
displayed good or satisfactory precision. Thirteen of 35 data sets showed poor precision.
In 2 of these 13 cases, the laboratories had difficulty in the analysis of the biox effluents.
A third lab was classified as having poor precision as the result of a single out of control
value. ' :

No bias was detected in 25 of 35 data sets (71% of the participants) when the regression
slope test was appljed. Bias was detected in 10 laboratories by this test. Twice as many
labs were biased high than were biased low. This was due to the tendency of several
laboratories to overestimate the cyanide concentrations in the biox effluent samples. In
the low level cyanide study, 72% of the data scts were assessed as unbiased by the
regression slope test.

No bias was detected by the Rank Sum test in 29 (88 percent of the total) of the 33 data
sets. Laboratories CNG11, CN021, CN007 and CN028 were assessed as biased high,
meaning they consistently overestimated the concentration of the standard solutions and
would do so more that 95 times out of 100. These labs were also assessed as biased high
by the regression technique.

None of the laboratories were assessed as biased low by the Rank Sum test, suggesting
that, as with the regression results, more laboratories had difficulty with the
overestimation of the samples than underestimation. '

Twenty seven of the 35 data sets (77%) displayed good or satisfactory regression

* intercept values. Eight labs fell into the poor category. This is about the same number as

in the low level study. To establish the source of the problems in these cases, an
examination of the regression curves is recommended to determine whether the errant Y-
intercept values are the result of imprecision, method failure at high concentrations, -
overestimation of a single sample or inappropriate blank correction.
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Comparison of the variability in the results for the water—based standards and effluents
showed a substantial difference between the two. The coefficient of variation (standard
deviation expressed as a percentage of the mean) for the biox effluent was 75%, the STP
effluent; 57% and for samples having a water matrix was 31% before removal of the
invalid data (Grubbs outliers). Once the outlying results were removed from the data set,
the coefficient of variation for the biox effluent was 53%, the STP effluent; 40% and for
samples having a water matrix; 17%. The results indicate that even when the extreme
outlying results are removed from the data set, the effluent results were still more variable
than results obtained with pure water standards.The key findings of this study are:
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6.0 LABORATORY SPECIFIC REPORTS

The following pages are reports for each of the participating laboratories giving a summary of
their results and statistical analysis, the inferences which can be made form these analyses, and
recommendations for corrective action. These reports provide each laboratory with the essential
results pertaining to their specific situation on one page.

.
(P

T . TR g -
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REPORT FOR LABORATORY CN002

RESULTS:

Sample Number Hi H2 mn H4 HS H6 H7 HS HO H10
Expected Value (mg/L) 25366 | 10629 | 0.025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
CN002 Value (mg/L) 4010 | 1060 | 001 1040 | 7160 | s160 | 2130 . | 4300 | 2930 | 527

STATISTICAL SUMMARY:
The flagging procedure indicated that no LAB CNOO2
samples fell outside 1 standard deviation of
the mean expected values. The absence of
flags and the high regression coefficient
(R?=0.996) indicate good precision.

th & w &
o © © o

N
Q

Reported Vos (mg/L)
8 8

-
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The slope of the regression line (m=1.078,
see figure) indicates a no bias. The rank sum
test detected a high bias. o w0

20 30 40
o Expected Valor {ma/L)

X
s o

S0 0 70

INFERENCE:

Reported vs Expected Cyanide Concentration
The statistical analysis of your data indicates
that your laboratory has good precision in (Note: Dark boxes indicate reported results.
high level cyanide analysis. This is indicated Heavy line passing through the boxes is the best
. by the high regression coefficjent and with regression fit. The thin line represents the
the absence of flags. expected values.)

A high bias was detected by the rank sum test but a visual inspection of the above figure shows
that this is very slight. The rank sum test is capable of detecting very small biases, but only in
very precise results such as those from your-laboratory. The regression slope ciiterfa did 1ot
detect bias in your results.



REPORT FOR LABORATORY CNO025

RESULTS:
Sample Number H1 0 2c) H4 HS H6 H7 H8 HY HI0
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | ass10 | 21131 | 42458 | 27.102 | 5386
QW2S Value (mg/L) 3680 | 1060 [o0¢ |991 Jers0 |4300 | 1960 |a060 | B0 | 509

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
and the regression coefficient (R?=0.994)
indicate satisfactory to good precision.

The slope of the regression line (m=0.9269,
see figure) indicates no bias. The rank sum
test also indicates no bias!’ :

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
satisfactory to good precision yvith no bias.

LAB CNO25

°e w

20 30 40 .00 70
Opected Yok (mgA) .

3 Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results. .
Heavy line passing through the boxes is the best

_ regression fit. The thin line represents the

expected values.)



REPORT FOR LABORATORY CN026

RESULTS:
Sample Number H1 0 1B H4 HS H5 H7 HB H9 H10 “
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
CQN026 Value (mg/L) 3984 | 1188 | 003 | 1144 | 7818 | 4534 | 088 | 4496 | 2789 | 488

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. .

The regression coefficient (R?=0.989)
-indicated satisfactory precision. :

The slope of the regression line (m=1.1139,
see figure) indicates no Bias. The rank sum
test also indicates no bias.

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratbry displayed
satisfactory precision with no bias. ;

LAB CNO26

] 10 [ ] [ 1} n

20 30 40 s
Opected Yauw (mg/L)

Reported vs Expected Cyanide Concentration

*(Note: Dark boxes indicate reported results.
‘Heavy line passing through the boxes is the best
- regression fit. The thin line represents the

expected values.)



REPORT FOR LABORATORY CNO014

G ) G & =B
.

RESULTS:
Sample Number m n H H HS H6 H7 HS8 H9 H10
Expected Value (mg/L) 35366 | 10.629 | 0.025 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386
CONO14 Value (mg/L) 30.20 1230 0.03 10.60 6470 | 3910 20.00 41.80 25.70 6.46_
STATISTICAL SUMMARY:
LAB CNO14

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values.

The regression coefficient (R*=0.988)
indicated satisfactory precision.

The slope of the regression line (m=0.911, see
figure) indicates no bias. “The rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates
that, in this study, your laboratory displayed -

satisfactory precision. Althougﬁ the regression

slope and rank sum tests indicate no bias,

visual inspection of the above graphs indicates

20 30 0 g0
©pected Youm (mg/A)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reponed results.

Heavy line passing through the boxes is the best’
regression fit. The thin line represents the
expected values.) _ .

a possible underestimation of higher concentrations of cyanide./ 'I‘lns is particualrily ev1dent m'

the biox effluent samples.

- - Noig -



REPORT FOR LABORATORY CNO15

RESULTS:
“Sample Number H1 . |mB | . HS H6 H7 HB HO H10
Expected Value (mg/L) 35366 | 10629 | 025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
QNO1S Value (mg/L) 3750 | 1050 {020 | 1060 | 6900 |4ss0 | 2120 | 4570 | 2680 | 558
STATISTICAL SUMMARY:

LAB CNO15

The flagging procedure indicated that sample
H3 fell outside 3 standard deviations of the
mean expected value.

The regression coefficient (R*=0.997)
indicated good precision.

The slope of the regression line (m=1.026, see
figure) indicates no biasThe rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates

that, in this study, your laboratory displayed .

generally good precision with no bias. One
sample, the unspiked STP effluent, was
flagged as falling outside three standard
deviations of the mean expected value.

80

70
a0
Eso
fu
p E)

20

Q w0 10 70

20 50 40 f0
Expacted Vo (mgAL)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)



REPORT FOR LABORATORY CN022

RESULTS:
Sample Number m e [{m |wm s |w |w HB w | o |
Bxpected Vakue (mg/L) | 35366 | 10629 | 0025 | 10658 | 67.634 | ass10 | 21131 | 42458 | 27.102 | 5386
QU2 Value (mg/L) us0 |929 [0z | B30 |60 |awe |20 |an |20 |z

STATISTICAL SUMMARY:.

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value. Sample H10 fell
outside 1 standard deviation of the mean

expected values.

The regression coefficient (R?=0.986)

indicated satisfactory precision.

The slope of the regression line (m=0.945, see
figure) indicates no bias. The rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates
that, in this study, your laboratory displayed -

satisfactory precision with no bias.

LAB CN022

20 30 <0 s
Opected Yae (mgA)

~ Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

‘Heavy line passing through the boxes is the best

regression fit. The thin line represents the
expected values.)

e e v



REPORT FOR LABORATORY CN024

RESULTS:
Sample Number H1 H2 B H4 HS H6 H7 H8 HY H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27302 | 5386
CNO24 Vahue (mg/L) 3591 | 993 {002 | 103 |68 |4256 |2116 | 4131 | 258 | 507
STATISTICAL SUMMARY:

LAB CNO24

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
and the regression coefficient (R?=0.997)
indicated good precision.

The slope of the regression line (m=0.945, see
figure) indicates no bias. The rank sum test
also indicates no bias. ‘

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory dxsplayed
good precision with no bias. o

280
70
60

(ma/\)

a0

20

10

° S0 4 s

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best

regression fit. The thin line represents the

expected values.)



REPORT FOR LABORATORY CN020

RESULTS:
Sample Number H1 H2 3 H4 HS H6 H7 HB H H10 “
Bxpected Value (mg/L) 35.366 § 10.629 | 002 10.658 | 67.634 | 45510 | 21.131 42.458 27.102 5386 “
CNO20 Value (mg/L) 2041 | 1376 | 006 1452 | 5065 | 3339 | 2750 5249 25.62 s.s9|
STATISTICAL SUMMARY:

LAB CNO20

The flagging procedure indicated that mno
samples fell outside 3 standard deviations of
the mean expected value. Samples H2, H3,
H4, H7 and H8 fell oiitside 1 standard
deviation of the mean expected values. This
observation and the low regression coefficient
(R*=0.812) indicate poor precision.

The slope of the regression line (m=0.7367,
see figure) indicates a low bias. The rank sum
test detected no bias.

INFERENCE:

The statistical analysis of youy-data indicates
that, in this study, your laboratory displayed
poor precision. Although the regression slope
indicates a low bias, an examination of the

wm o
o ©

Raperted Vokum (mg/L)
s 8 8 &

20 30 40 a0
Dpected Yo (mQA)

Reported vs Expected Cyanide Concentl'ationif.f

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line. represcnts the
expected valucs) S

results indicates that the cyanide concentrations in the blOX cfﬂuents were underestimated but the
water—based standards were overestimated. The low regression slope (and also the higlrintercept)
is, therefore probably the result of the large scatter in the results rather than any consistent
tendency to underestimate the concentrations. The rank sum test did not detect any bias, but it
is a recognized limitation of this approach that it has difficulty recognizing bias in imprecise data.



REPORT FOR LABORATORY CN021

RESULTS:
Sample Number H1 H2 H3 H4 HS H6 H7 H8 HY H10
Expected Value (mg/L) as366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
Q021 Value (mg/L) 4590 | 1310 003 1530 |9 |ssso | 2500 | SS&0 § 3230 | 640

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value. Samples H2, H4
and H8 fell outside 1 standard deviation of
the mean expected values.

The regression coefficient (R?=0.991)
indicated satisfactory precision.

LAB CNO21

.0 10 0 60 70

20 0 4 s
Expected Vakm (mgA)

The slope of the regression line (m=1.328, see
figure) indicates a high bias. The rank sum
test also indicates a high bias.

INFERENCE:'
. .' . . .
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
satisfactory precision but with a high bias.

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

Heavy line passing through the boxes is the best .
regression fit. The thin, line represents the -

expected values.)

This bias was detected by both the regression slope and rank sum tests. It is also clearly evident

in the above figure. The bias is most likely due to a calibration error.

- — TR, ., .



REPORT FOR LABORATORY CN027

RESULTS:
Sample Number H1 n H H4 HS H6 H? HB Ho H10 “
Bxpected Value (mg/L) 35.366 | 10629 | 0025 10.658 | 67.634 | 45510 | 21.131 42458 | 27.102 } 5386 “
QNO27 Value (mg/L) 3420 474 0.02 10.40 66.20 4400 200 3720 25.30 1940 “

STATISTICAL SUMMARY:

The flagging procedure indicated that sample
H10 was outside 3 standard deviations of the
mean expected value. Sample HS fell outside
1 standard deviation of the mean expected
values. These observations and the regression
coefficient (R?=0.9354) indicated poor
precision. '

The slope of the regression line (m=0.903, see

figure) indicates no bias. The rank sum test
also indicates no bias. :

INFERENCE
The statistical analyms of you;,data mduntes

that, in this study, your laboratory dlsplayed
no bias but poor precision.

LAB CNO27

e 1 2 30 4 % 8 RN
©pacted Vaim (mg/AL)

" Reported vs Expected Cyanide Concentration |

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the

. expected values.)
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REPORT FOR LABORATORY CN028

RESULTS:
Sample Number H1 | m B |8 H | W7 H8 HS H10 “
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386 “
QNO28 Value (mg/L) a1s6 | 1237 |o03 | 1233 |89 |sse2 | 24s4 | 472 | 3015 | 616 J|
STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value.. Sample H8 fell
outside 1 standard deviation of the mean
expected values.

The regression coefficient (R*<0.974)
indicated poor precision.

The slope of the regression line (m=1.37, see
figure) indicates a high bias. The rank sum
test also indicates a high bias. '

INFERENCE:

The statistical analysis of your data indicates
that, in this study, your laboratory displayed
poor precision with a high bias.

LAB CNO28

] 10 0 [ 14 70

20 30 4 8
Expected Vakm (mg/L)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

"Heavy line passing through the boxes is the best

regression fit. The thin line represents the
expected values.)

The poor precision estimate is largely the result of an overestimation of the cyanide contentration
in sample HS. This samples was not flagged as an outlier because so many other labs has
difficulty with it. However, because this point lies so far off the line defined by the remaining
points, the regression correlation coefficient is lowered. This also accounts for the negative y-

intercept.

The precision evident from the results of the 9 lower concentration standards (HS possesses the
highest cyanide concentration) appears to be good. The high bias remains, however. This is likely

the result of a calibration standard error.
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REPORT FOR LABORATORY CN007

RESULTS:
Sample Number H1 H2 H3 H4 H5 H6 H7 | H8 H9 H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42.458 | 27.102 | 5386
CN0O7 Value (mg/L) 19400 | 124 | 006 | 607 | 20500 | 19700 | 33.00 | 4880 | 17200 | 638

STATISTICAL SUMMARY:

The flagging procedure indicated that
samples H1, H6 and H9 fell outside 3
standard deviations of the mean expected
value. All samples except H2 and H10 fell
outside 1 standard deviation of the mean
expected values. This observation and the
low regression coefficient (R?*=0. 653) indicate
poor precision. :

The slope of the regression line (m=3.461,

LAB CNOO7

20 30 & 50
Expacted Vohas (ma/L)

see figure) indicates a high bias. The rank
sum test also indicates a high bias.

INFERENCE:

_Reported vs Expected Cyanide Concentration .

‘(Note: Dark boxes indicate reported results.

- Heavy line passing through the boxes is the best

The statistical analys1s of your data indicates
that, in this study, your laboratory displayed
poor precision and a high bias.

regression fit. The thin line represents the
expected values.)

Further inspection of the results mdlcatcs that the hxgh bxas occurs pnmanly in the anay51s of the

Biox effluent samples.



REPORT FOR LABORATORY CN008

RESULTS:
Sample Number H O |m 3¢) H4 HS H6 H7 H8 H9 HI0 "
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386 “
II CNO08 Value (mg/L) 3140 1990 Joos |960 |ssa0 |4060 | 1820 | 3800 | 2390 | 520 J v

STATISTICAL SUMMARY:

LAB CNOOB8

The flagging procedure indicated that no 80
samples fell outside 3 standard deviations of
the mean expected value. Samples H3 and
H8 fell outside 1 standard deviation of the
mean expected values.

The regression coefficient (R?=0.996)
indicates good precision. .

The slope of the regrcssi(')n line (m=0.832,
see figure) indicates a low bias. The rank ‘ :
sum test did not flag your results as biased Reported vs Expected Cyanide Concentration

low, but did indicate a tendemcy to low

values. (Note: Dark boxes indicate reported results.
' : ' Heavy line passing through the boxes is the best
INFERENCE: o - regression fit.- The thin line represents the

- ‘expected values.)

The statistical analysis of your data indicates
that, in this study, your laboratory displayed good precision and a low bias.
The bias is probably the result of a calibration problem.

—— TR .
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REPORT FOR LABORATORY CN004B

RESULTS:
Sample Number H1. H H | B - |HS H6 H7 H8 H9 H10
Expected Value (mg/L) 35366 | 10.629 | 0025 | 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386
CNOO4B Value (mg/L) 3593 | 983 0.02 9.59 6696 | 4417 | 19.60 39.07 2642 | 474

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
and the high regression coefficient
(R?=0.997) indicate good precision.

The slope of the regression line (m=0.998,
see figure) indicates no bias. The rank sum
test also indicates no bias.

‘e

INFERENCE:

The statistical analysis of your data indicates
that your laboratory displays good precision
with no bias in high level cyanide analysis.

L]
.
e

LAB CNO04B

30 40 80 s 70
Gpected Yo (mg/l) )

. @ 10 20

Reported vs Expected Cyanide Cohcentration

(Note: Dark boxes indicate reported: results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the

expected values.)

-
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REPORT FOR LABORATORY CNO005

RESULTS:
Sample Number H1 0 H3 H -|Bs | B H7 HB8 HY HI0
Expected Value (mg/L) 35366 | 10629 | ao2s | 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386
CNOQS Value (mg/L) 180.00 | 16.00 1600 | 23600 | 20600 | 3800 | 7900 | -17000 | 9.00

STATISTICAL SUMMARY:
) o LAB CNOOS
The flagging procedure indicated that 300

samples H1, HS, H6, H8 and H9 fell outside
3 standard deviations of the mean expected
value. - All samples except H3 fell outside 1
standard deviation of the mean expected
values.

The regression coefficient (R%*=0.744)
indicates poor precision. The slope of the s 10
regression line (m=3.8§0, see figure)
indicates a high bias. The rank sum test was ‘

not conducted for your laboratory becausé an  Reported vs Expected Cyanide Concentration
incomplete set of results were submitted. '

S0 (1] 70

0 0 &
Expacted Vokus (mg/L)

INFERENCE: ' * Heavy line passing through the boxes is the best
W« regression fit. The thin line represents the

The statistical analysis of your data indicates expected values.)

that, in this study, your laboratory displayed

poor precision with a high bias.

(Note: Dark boxes indicate reported results. |
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REPORT FOR LABORATORY CN003

'RESULTS:

“ Sample Number H1 0 B H4 HS H6 H H8 HO H10 “
Expecied Value (mg/L) 15366 | 10629 | 0,025 | 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386 "
Q003 Value (mg/L) 3880 | 1120 002 |12 |60 |s000 | 2210 |46 | 2820 5.61_"

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
and the high regression coefficient
(R?=0.998) indicate good precision.

The slope of the regression line (m=1.040,
see figure) indicates no bias. The rank sum
test also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates

that your laboratory displays satisfactory .

precision in high level cyanide, analysis. No
bias was detected by the two ethods used
in this study. '

LAB CNOO3

[} 190 so . 80 ‘H0

20 30 &
Expected Yalue (ma/L)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)

-
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REPORT FOR LABORATORY CN0O04A

RESULTS:
Sample Number H1 mn H H4 - | BS H6 H7? H8 H9 H10 “
Bxpected Value (mg/L) 35366 | 10.629 | 0.025 10,658 | 67.634 | 45510 | 21.131 42458 27.102 | 5386 “
n CNOMA Value (mg/L) 37.11 9.69 001 9.81 68.75 46.05 19.81 39.97 2751 493 “

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
and the high regression coefficient
(R*=0.997) indicate good precision.

The slope of the regression line (m=1.014,
see figure) indicates no bias. The rank sum
test also indicates no bias.

¢

INFERENCE:

The statistical analysis of your data indicates
that your laboratory displays good precision
with no bias in high level cyanide analysis.

'!

LAB CNOO4A

[ 10 50 60 70

20 30 4
Exected Vo {mg/)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)
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REPORT FOR LABORATORY CN009

RESULTS:

" Sample Number H1 0 3 H4 HS H6 H7 HS HY H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | s386
CNO09 Value (mg/L) 15100 { 965 | 003 | 985 | 17950 | 16400 | 1900 | 3820 | 13600 | 505

STATISTICAL SUMMARY:
S . LAB CNOO9.
The flagging procedure indicated that no 200
samples fell outside 3 standard deviations of 180
the mean expected value. Samples H1, HS, "
H6, H8, and HI fell outside 1 standard <120

deviation of the mean expécted values. These § 100
obscrvations and the low regression g o
coefficient (R?=0.683) would normally 0
indicate poor precision. 20

™ 0 4 5
Epected Vs (mg/)

In this case, however, thi§ is caused by an
overestimate of the concentrations present in ‘ _

the biox effluent samples. The slope of the Reported vs Expected Cyanide Concentration
regression line (m=2934, sce figure) -
indicates a high bias as a result. The rank (Note: Dark boxes indicate reported results.

sum test did not detect blas N Heavy line passing through the boxes is the best
G regression fit. The thin line represents the
INFERENCE: ‘- - expected values.) _ :

The statistical analysis of your data indicates that in this study, your laboratory displayed a high
bias for all of the biox effluent samples. The assessment of poor precision was the result of the
overestimate of the concentrations present in these samples. A visual examination of fie abdve
figure indicates that the lcvel of precision in your analysis of water-based standards is
acceptable.



REPORT FOR LABORATORY CNO010

RESULTS:
Sample Number H1 0 H3 H4 HS H6 H H8 o) HI0 “
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27102 sssﬂl
CNO10 Value (mg/L) 2107 | 1257 foos | 1232 | 6607 | som | 2464 | 4643 | 2857 6.43J|_
STATISTICAL SUMMARY:

LAB CNO10
The flagging procedure indicated that no 8o

samples fell outside 1 standard deviation of
the mean expected values. .
The regression coefficient (R?=0.990)
indicated satisfactory precision.

The slope of the regression line (m=1.008, see
figure) indicates no bias.‘The rank sum test L T IO
also indicates no bias. '

The Y-intercept of the regression line (1.99) Reported vs Expected Cyanide Concentration

1s higher than normal and may reﬂect an

improper blank correction. (Note: Dark boxes indicate -repoﬁcd results.

K - ‘'Heavy line passing through the boxes is the best
' _ regression fit. The thin line represents the

INFERENCE:
expected values.)

The statistical analysis of your data indicates
that, in this study, your laboratory displayed satisfactory precision and no bias. A high rcgrcsswn
line intercept and the parallel slope may indicate in improper blank correction. == )
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REPORT FOR LABORATORY CNO11

RESULTS:
Sample Number H1 0 H3 H4 HS Hé6 H7 HB H H10
Expected Value (mg/L) 35366 | 10.629 | 0.025 10658 | 67634 | 45510 | 21.131 42458 | 27.102 | 5386
QNO11 Value (mg/L) 7100 2100 } 003 2200 13000 | 10000 | 89.00 86.00 42.00 9.80
= |
STATISTICAL SUMMARY:
LAB CNO11

The flagging procedure indicated that samples
H2, H6 and H8 fell outside 3 standard
deviations of the mean expected value. All
samples except H3 and H9 fell outside 1
standard deviation of the mean expected
values. These observations and the low
regression coefficient (R%=0.871) indicate poor
precision.

The slope of the regression line (m=1.925, see
figure) indicates a high bias. The rank sum
twt also indicates a high bias. .. - :

INFERENCE:
The statistical analysis of you; data indicates

that, in this study, your laboratory displayed
poor precision and a high bias.

20 30 4 50
Dxpected Vokw (mg/L)

. Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.) |
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REPORT FOR LABORATORY CN012A

RESULTS:

H Sample Number Hi m |m |m |BS H | W H8 HY HIO “
u Expected Value (mg/L) 35366 | 10629 | 0.025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386 “
a CNOI2A Value (mg/L) 31 974 |00 [1080 |40 |43 |20 |40 |24 |503 “
STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values..

The regression coefficient (R?=0.989)
indicated satisfactory precision.

The slope of the regression line ‘(m=1.005, see
figure) indicates no bias.The rank sum test
also indicates no bias.

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
satisfactory precision and no bias.

LAB CNO12A

80
70

%eo
Eso
fu
330

20

10

]
a0 [ 1] 70

e 10 2

0 30 40
Cxpected Vakme (mgA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

Heavy line passing through the boxes is the best
regression fit. The thin line represents the

" expected values.)

-



REPORT FOR LABORATORY CN012B

RESULTS:
Sample Number H1 73 H3 H4 HS H6 H7 H8 HY H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27102 | 5386
QNO12B Value (mg/L) 3220 [ 960 |003 |10 |92 |3880 |1960 |4470 | 200 | 454 "
STATISTICAL SUMMARY:

LAB CNO128B

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. This observation
indicates satisfactory precision. The regression
coefficient (R?=0.980), however, indicates
satisfactory to poor precision.

The slope of the regrcssioﬁ line (m=0.989, see
figure) indicates no bias.’ The rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates

that, in this study, your labqgatory displays -

satisfactory precision, but with more scatter in
the results than most labs in the satisfactory
category. No bias was detected.

0 80 70

20 30 e« 1
Opacted Yokn (moA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.

Heavy line passing through the boxes is the best
regression fit. The thin line represents . the
expected values.) :



REPORT FOR LABORATORY CNO013

RESULTS:

E Sample Number H1 0 m H4

uExpected Value (mg/L) 35366 | 10.629 | 0.025 10658 | 67.634 | 45510 | 21.131 42458 | 27.102 5.38;“

ucmn Value (mg/L) 3460 | 1070 Joos | 1040 | 6940 | 4490 |2100 |4170 | 2580 | 697

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value., Sample H10 fell
outside 1 standard deviation of the mean
expected value.

The regression coefficient (R%=0.997)
indicated good precision. '

’t

The slope of the regression line (m=0.998, see
figure) indicates no bias. The rank sum test
also indicates no bias.

H‘IFBRENCE

The statistical analysis of your data indicates
that, in this study your laboratory displayed
good precision with no bias.

LLAB CNO13

80

70 ' -
’é‘eo
Eso
Lo
T30

20

1

e 10 20 30 4« .80 50 70

Dxpacted Yok (mg/AL)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best

regression fit. The thin line rcprescnts the

expected values.)
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REPORT FOR LABORATORY CN016

RESULTS:
Sample Number H1 mn H H4 HS H6 H7 H8 H9 H10
Expected Value (mg/L) 35366 | 10.629 | 0.025 10.658 | 67.634° '45.510 21.131 42458 27.102 | 5386
CQNO16 Value (mg/L) 34.80 11.70 002 10.00 68.20 4540 23.10 46.20 23.00 480 J
STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values, :

The regression coefficient (R?=0.991)
indicated satisfactory precision.

The slope of the regression line (m=1.012, see
figure) indicates no bias.’ The rank sum test
also indicates no bias.

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
satisfactory precision with no bias.

LAB CNO16

[} 10 80 0

20 30 4 g0
Oacted Yam (mgA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.) - . :
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REPORT FOR LABORATORY CN017

RESULTS:
Sample Number H1 5) 0 H4 HS H6 H7 H8 HY HI0 "
Expected Value (mg/L) | 35366 | 10629 | 0025 | 104658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386 ||
Q017 Value (mg/L) 960. | 002 | 960 18.00 ~ | 38.00 4.60 “

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value. , Samples H7 and
H8 fell outside 1 standard deviation of the
mean expected values. Results for the biox
samples were not reccived from your
laboratory.

The regression coefficient (R?*=0.999)
indicated good precision on the sample results
submittcd.

The slope of the regression line (m=0.891, see
figure) indicates no bias. The rank sum twt
was not conducted. )

INFERENCE:

LAB CNO17

80
70

%ao
50

e ] 10 15 20 23 30 33 40 49
Expasted Yok (mg/L)

. Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reportcd -results.
" Heavy line passing through the boxes is the best

“regression fit. The thin line represents the

expected values.)

The statistical analysis of your data indicates that, in this study, your laboratory dlsplayed good

precision on water-based standards and spiked municipal STP effluents.The regression s slope”

detected no bias but a visual inspection of the above figure indicates a tendency to consistently

underestimate the concentrations of cyanide.
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REPORT FOR LABORATORY CNO18

RESULTS:
Sample Number H ) T H | ws H6 H H8 O H10
Expected Value (mg/L) 35366 | 10629 | ao2s | 10458 | 67.634 | assio | 21131 | a2ass | 27102 | s386

" CNO18 Value (mg/L) 4790 | 93s |aoo |om

64.40 58.80 19.30 40.60 31.10 4.76

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value. Sample H3 fell
outside 1 standard devidtion of the mean
expected values.

coefficient (R?=0.942)
indicated poor precision. L

¢ ¢

The slope of the regression line (m=1.0603,
see figure) indicates no bias. The rank sum
test also indicates no bias. o

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
poor precision but no bias. The poor precision

LAB CNO18

th o wm O
e © o o

w
o

faper ted V;- (maL) -~ -

-
-3

e 1 0 30 w o s w
Expested Yom (mgA) SRR

. Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.”
Heavy line passing thmugh the boxes is the best
regression fit. The thin line represents thc.
expected values.)

assesment was largely the result of an overestimate of the cyanide concentrations on two of the
biox samples. The result flagged as a Grubbs outlier was the result of a reporting deﬁcrcncy’(ﬂ 00

was reported) rather than an analytical one.



REPORT FOR LABORATORY CNO019

RESULTS:

ﬂ Sample Number H1 73 B B4 HS H6 H7 HB i) H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
CNO19 Value (mg/L) 4120 | 1160 | 004 | 1140 | 7140 | 5060 | 240 | 4470 | 2860 | 580

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values, This observation
and the regression coefficient (R?=0.997)
indicate good precision. -

The slope of the regression line (m=1.068, see
figure) indicates no bias. The rank sum test
also indicates no bias. ¢

The statistical analyéis of your data indicates

" that, in this study, your laboratory displayed

good precision and no bias.

LAB CNO19
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(Note: Dark boxes indicate reported - results.
Heavy line passing through the boxes is the best

-regression fit. The thin line rcpresents the

expected values )
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REPORT FOR LABORATORY CNO029

RESULTS:
Sample Number H1 n |m H4 HS H6 H7 H8 H9 HI10 “
Expected Value (mg/L) 35366 | 10.629 | 0025 | 10658 | 67634 | 45510 | 21131 | 42458 | 27.302 | 5386 ||
QW29 Value (mg/L) 3675 | 1450 [o1s |8s0o |3833 |ass | 2125 | 3996 | 2438 | 580 H

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 3 standard deviations of

‘the mean expected value. Samples H2, H3

and H4 fell outside 1 standard deviation of
the mean expected values. These observations
and the regression coefficient (R’=0. 851)
suggest poor precision.

The slope of the regressiofiline (m=0.636, see
figure) indicates a low bias. The rank sum test
did not detect any bias.

INFERENCE:

The statistical analysis of your,data indicates
that, in this study, your laboratory displayed
poor precision with a possible low bias.
Visual inspection of the above graph,

LAB CNO29

20 30 4 20
Oqpacted Yo (mgA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best-
regression fit. The thin line represents’ the
expected values.) .

however, suggests that the poor precision and low bias assessments are largely the result of .a

serious underestimation of concentrations above about 40 mg/L.

T e TR o



REPORT FOR LABORATORY CN030

RESULTS:
Sample Number Hi H2 H3 H4 HS H6 H7 H8 H9 H10 “
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21.131 42.458 27.102 | 5.386 “
CNO30 Value (mg/L) 3330 10.80 003 1130 63.00 4050 2130 4250 2.5 550 “

- STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected values. :

The regression coefficient (R?=0.993)
indicated satisfactory precision. :

The slope of the régression Jine (m=0.916, see
figure) indicates no bias. “The rank sum test
also indicates no bias.

INFERENCE:
The statistical analysis of your data indicates

~ that, in this study, your laborgtory displayed
satisfactory precision with no bias.

LAB CNO30

] 10 ] 80 70

20 30 4 3
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~ Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)
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REPORT FOR LABORATORY CN031

RESULTS:
Sample Number H1 0 i H4 HS H6 H7 HB HY H10
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386
QN031 Value (mg/L) 3300 |10 |« 1200 | 000 | ss00 |.3000 |s300 {3400 {600 |
STATISTICAL SUMMARY:

LAB CNO31

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value. Samples H7 and
HS fell outside 1 standard deviation of the
mean expected values. These observation and
the regression coefficient (R?=0.967) indicated
poor precision.

The slope of the regression {ine (m=1.079, see
figure) indicates no bias. The rank sum test
also indicates no bias.

INFERENCE:
The statistical analysis of your, data mdxcates

that, in this study, your laboratory d1splayed
no bias but poor precision. - ,

20 3 4 80
Opaoted Yo (mgA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
' Heavy line passing through the boxes is the best
regression fit. The thin line represents the

expected values.)
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REPORT FOR LABORATORY CN032

RESULTS:
Sample Number H1 2 0 B4 HS H6 H7 HS H9 H10 “
Expected Value (mg/L) 35366 | 10629 | 0025 | 10658 | 67.634 | 45510 | 21.131 | 42458 | 27.102 | 5386
CONO32 Value (mg/L) 3320 | 1000 Joos | 1030 |61m | s« | 1980 | 3980 | 2300 |52

STATISTICAL SUMMARY:
LAB CNO32

-
(]
o

The flagging procedure indicated that no
samples fell outside 3 standard deviations of
the mean expected value, . Sample H6 fell
outside 1 standard deviation of the mean
expected values.

-
o
o

o8
=3

5

Reported Voue (mg/L)
3
.

The regression coefficient (R*=0.606) =
indicated poor precision.

N
o

] 10 €0 70

| ? covarons
The slope of the regression line (m=1.264, see

figure) indicates a high = bias (see — .
INFERENCE below). The rank sum test Reported vs Expected Cyanide Concentration

indicates no bias.

(Note: Dark boxes indicate reported results.

INFERENCE: P * Heavy line passing through the boxes is the best
. ) regression fit. The thin line represents the

In this study, one result submitted by your expected values.)

laboratory (sample H6) was seriously

overestimated. As a result, the regression analysis assessed your lab as displaying poor precision
and a high bias. Visual inspection of the above graph indicates, however, that a more appropiiate
assessment would be that your laboratory displayed satisfactory precision with no bias, but with
one out of control point. The overestimated result is a sample of steel industry biox effluent and
the error is likely either due to a positive interference from the sample itself to which your
method is sensitive (several labs showed this) or a method control problem. The absence of a
similar overestimation in sample HS, which is also biox

effluent, suggests that the latter may be the case.
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REPORT FOR LABORATORY CNO035A

RESULTS:
Sample Number H1 H2 H H4 HS H6 H7 H8 H9 H10 "
Expected Value (mg/L) 35366 | 10.629 | 0.025 10658 | 67.634 | 45510 | 21.131 42.458 27.102 | 5386 “
CNO3SA Value (mg/L) 40.08 10.15 002 1001 68.26 4992 20.19 4105 28.82 5.18 "

STATISTICAL SUMMARY:

The flagging procedure indicated that -no
samples fell outside 1 standard deviation of
the mean expected values,

The regression coefficient (R?=0.993)
indicated satisfactory precision.

The slope of the regressioh line (m=1.034, see
figure) indicates no bias.“The rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates

~ that, in this study, your laboratory displayed

satisfactory precision and no bias.

LAB CNO35A
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(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the

~ expected values.)
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REPORT FOR LABORATORY CN035B

RESULTS:
Sample Number Clm jm |m H4 B |B | W7 HB HY HI10 J|
Expected Value (mg/L) 35366 | 10.629 | 0025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27.102 | 5386
QN03SB Value (mg/L) 1584 | 1026 002 | 1019 | 6924 | 4670 | 2053 | 4064 | 2804 | 528

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expccted values. This observation
and the regression coefficient (R*=0.998)
indicated good precision.

The slope of the regression line (m=1.015, see
figure) indicates no bias. The rank sum test
also indicates no bias. '

INFERENCE:

The statistical analysis of your data indicates
that your laboratory dxsplays good precision
with no bias. s o

LAB CNO358

20 30 e 40
©ected Yekn (mgA)

Reported vs Expected Cyanide Concentration

(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)



REPORT FOR LABORATORY CNO36A

RESULTS:
Sample Number H1 0 B B4 HS H6 H H8 HY HI10 “
Expected Value (mg/L) 35366 | 10629 | 0,025 | 10658 | 67.634 | 45510 | 21131 | 42458 | 27102 | 5386 ||
CNO36A Value (mg/L) 4017 | 1056 {001 | 1041 978 | 5424 | 2087 | 4187 | 2680 | 507 “

- STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell outside 1 standard deviation of
the mean expected valuesi'
The regression coefficient (R?=0.989)
indicated satisfactory precision.

The slope of the regression line (m=1.069, see
figure) indicates no bias. The rank sum test
also indicates no bias.

INFERENCE:

The statistical analysis of your data indicates

that, in this study, your laboratory displayed .

satisfactory precision with no bias.

LAB CNO36A
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(Note: Dark boxes indicate reported results.
-Heavy line passing through the boxes is the best

regression fit. The thin line represents the
expected values.)
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REPORT FOR LABORATORY CN036B

RESULTS:
Sample Number H H2 H3 H4 HS H6 H7 H8 H9 H10
Expected Value (mg/L) 35366 | 10.629 | 0025 10.658 | 67.634 | 45510 | 21.131 42458 | 27.102 | S5.386
CNO36B Value (mg/L) 37.22 10.41 0.02 1032 70.87 4907 21.14 43.05 2124 519

STATISTICAL SUMMARY:

The flagging procedure indicated that no
samples fell were outside 1 standard deviation
of the mean expected valucs

This observation and the regrcssxon coefﬁc1cnt
(R?=0.999) indicated excellent precision.

The slope of the regression line (m=1.054, see
figure) indicates no bias. The rank sum test
also indicates no bias. °

INFERENCE:
The statistical analysis of your data indicates

that, in this study, your laboratory displayed
excellent precision with no bjas.

LAB CNO368B
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(Note: Dark boxes indicate reported results.
Heavy line passing through the boxes is the best
regression fit. The thin line represents the
expected values.)
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APPENDIX 1
List of Participating Laboratories



Mr. Harold Laser Mr. S. Wadce Stogran

Walker Industries Ltd. Lakefield Research

P.O. Box 100 : - P.O. Bag 4300, 185 Concession Street.
Thorold, Ontario ' Lakefield, Ontario

L2V 3Y8 : KOL 2H0

Mr. Sing Ha Mr. Tony Robles

Dofasco Inc. American Barrick Inc.

Industrial Drive Chem. Lab. P.O. Box 278

1330 Burlington St. E. Kirkland Lake, Oantario

P.O. Box 2460 P2N 3H7

Hamilton, Ontario, L8N 3J5

Mille. Dominique Duval Mme Anick Tremblay
Laboratoire C.S.L. Laboratoire C.N.F.S.
Eavironnement Canada 1325 Newton
1001 Pierre Dupuy Boucherville, PQ
Longueuil, PQ J2B 5H2
LAK 1A1 ' ,
M. Amr Rouchdy i Mr. William Coedy
Technitrol-Eco - L Chemist-in-Charge
121 boul. Hymus : Water Resources Laboratory
Pointe-Claire, PQ . Dept. of Indian and Northern Affairs
H9R 1E6 Box 1500 -
Yellowknife, NWT
X1A 2R3

Mr. Dave Maskery

Inco Limited
o Copper CIliff, Ontario

' ' POM 1NO
Mr. Victor Rafuse ' . T. Onggowodjaja
Chief Chemist . . Detour Mines
Williams Operating Corp. : P.O. 2016
P.O. Bag 500 ‘ Timmins, Ontario
Marathon, Ontario P4N 2S9
POT 2E0
Doug Johnson Ernie Goodwin
Chief Chemist Hemlo Goldmines Inc.
Royal Oak Mines Inc. Golden Giant Mine
P.O. Bag 2010 P.O. Box 40
Timmins, Ontario Marathon, Ontario
P4N 7X7 POT 2E3



Mr. Ken Little

Supervisor Analytical Services
Research and Development
Dow Chemical Canada Inc
Vidal Street, P.O. Box 3030
Sarnia, Ontario, N7T 7M1

Mr. George Slaney
Cyanamid Canada Ltd.
Welland Plant

Gardner Rd., P.O. Box 240
Niagara Falls, Ontario
L2E 6T4

Mr. Andrew Murray -
Barringer Laboratories Limited
5735 McAdam Rd.
Mississauga, Ontario

LAZ 1N9

Mr. Jeffrey Pike

Canviro Analytical Laboragories Ltd.
50 Bathurst Dr., Unit 12
Waterloo, Ontario

N2V 2C5

Mr. John Fenwick
Novalab Ltd.

9420 Cote de Liesse
Lachine, Quebec
HST 1A1 -

~Mr. George Crawford

Ontario Ministry of Environment
Laboratory Services Branch

125 Resources Rd., P.O. Box 213
Rexdale, Ontario

M9W 5L1

Dr. Barry R. Loescher

Zenon Environmental Laboratories Inc.
5555 North Service Road

Burlington, Ontario

L7N 5H7

Mr. Nabih Kelada

Methodology & Toxic Substances Section

Egan WRP Research & Development Laboratory
550 S. Mcacham Rd.

Schaumburg, Illinois

USA 60193

Ms. Jane Lindsay
Ortech International
2395 Speakman Drive
Mississauga, Ontario
L5K 1B3

Mr. John Robertson
Beak Consultants Ltd.
14 Abacus Rd.
Brampton, Ontario
L6T 5B7 -

Dr. Murray Fisher

Environment Protection Laboratories Inc.
6850 Goreway Drive

Toronto, Ontario

14V 1P1 :

Mr. Michael Booth

Ontario Hydro Research Division
800 Kipling Ave., KR 310
Toroato, Ontario

- M8Z 554

Mr. Ronald M. Connell

Placer Dome Inc., Dome Mine
P.O. Box 70

South Porcupine, Ontario

PON 1HO

Dr. Eric Devuyst
Inco Research

2060 Flavelle Blvd.
Sheridan Park
Mississauga, Ontario
L5K 1Z9



Mr. Fredrick Clayton
QC Laboratory, Stickney WRP
c/o Mr Nabih Kelada

Egan WRP Research & Development Laboratory

550 S. Meacham Rd.
Schaumburg, Illinois
USA 60193

Terry Webber

Lac Minerals Ltd.
Macassa Division

P.0. 550

Kirkland Lake, Ontario
P2N 37

Dr. D. Jeflery

Zenon Environmental Inc.
8577 Commerce Court
Burnaby, BC

VSA 4NS

Mr. P. Kluckner
Director, Laboratories

C&P, Pacific and Yukon Region

4195 Marine Dr.
West Vancouver, BC

‘Canada, VTV IN8

Mr. Bharat Ghandi

Egan WRP Research & Development Laboratory
550 S. Meacham Rd.

Schaumburg, Illinois

USA . 60193

Aanver Najak

Stelco Hilton Works
Metallurgy QA Section
100 King St. W.

L8N 3T1

Mr. Fred Doemn

AECL Research
Whiteshell Laboratories
Pinawa, Manitoba
Canada, ROE 110



APPENDIX 2
Complete Table of Results (Raw Data)



WTC4 HIGH LEVEL CYANIDE STUDY: RAW DATA (As of May 21, 1992)
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{AVERAGE) | DEVIATION

.22 49.647 40609
1041 1.1 24%
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7N 38.709 no017
819 6.029 2.550
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APPENDIX 3
Table of Results with Invalid Data (Grubbs outliers) Removed
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WTC4 HIGH LEVEL CYANIDE STUDY: RAW DATA WITH VALUES FALLING OUTSIDE 1 STANDARD DEVIATION REMOVED
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APPENDIX 4
Table of Results with All Outliers Removed



WTC4 HIGH LEVEL CYANIDE STUDY: RAW DATA WITH GRUBBS OUTLIERS REMOVED

41.082 21.948
10.082 1.474
oo 0.020
11.188 250
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22333 4157
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