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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— 
govemment 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 evaluate the data in this study include; 

0 Frequency analysis to check the distribution of results to determine whether parametric 
statistics (example: standard deviation, t-test) can be used. - 

.

' 

O A two step flagging procedure to eliminate Grubbs outliers and flag imprecis‘grdatah 
0 Regression analysis to assess accuracy and precision. 
O 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. ,1 - 

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 lpe test. 
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 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 _wit_hn the 
overestimation of the samples than underestimation. 

'— "' fl” 

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 reOOmmended 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: 

STP 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 re5ults 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 SIP 
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 SIP 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. 

~12. —=—_-|.‘.'_,.



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-Envir0nment Canada laboratories. In order to allow comparison 
with other labs and to increase the sample size, non—govemment 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.

Il
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3.0 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)6) as the spike. The pure water matrixlsamples minimize 
potential interference whereas the effluent matrix samples provide the participating laboratories 
with samples containing interferences normally found in environmental analysis.

' 

A total of ten samples were sent to each laboratory using ferricyanide (Fe(CN)6) 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/L 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. 1 1 

' ' 

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

The participating laboratories were each given a unique identification code number (CNOOl 
through CN036). 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 participants on Monday, February 17, 1992 by overnight courier. 
The ten samples were numbered randomly (as in table 3.1). The results were requested by March 
31, 1992. 

' '3' 
., . 

' 

. . 

r
, 

On April 27, 1992, a summary of the raw results were returned 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 Worries 
requested corrections and these were made. -



3.2 PREPARATION OF STANDARDS AND SAMPLES 

3.2.1 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 threein 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. 

3.2.2 EQUIPMENT AND REAGENTS 
The cyanide for the preparation of the stock solution was potassium fenicyanide (K4Fe(CN)6

- 

3H20) 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 Standards Association, US. Environmental Protection Agency) could be A 

found. 

To stabilize the stock solutions and samples sodium hydroxide (NaOI-I) was added to bring the u 

pH to 12. The sodium hydroxide was purchased from Fisher (Certified ACS sodium hydroxide, 
(ht. No. 8—320. Lot 736976—60). - 

- > 

All water used forstock solution 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. _ . 

. 

_ 

. . 
:'- 

Stock solutions were prepared using a balance and volumetric glassware. The balance calibratipn 
was checked with standard weights on November 18, 1991 and found to be accurate‘tb $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).
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3.2.3 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 a 1 

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 125). To this, 27.0624 g of K4Fe(CN)6 - 3H20 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. ' 

3.2.4 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 50 litre polypropylene carboys according to the following general 
protocol: 

0! 

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. "-- 

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. 5:. t 13‘__._,‘ 

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. 

5) 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 CY ANIDE 
STANDARD SOLUTIONS 

Sample Matrix Cyanide Spike Cyanide Stock 
Number Level Stock'f . Water 
(random) 

_ 
- (mg/L) (ml) (kg) 

[1 

H1 Biox Effluent 10 30.0 29.971 

[H2 STP Effluent 10 30.0 29.971 

H3 STP none . 
none 29.971 

i 

Effluent
‘ 

H4 j Water 
. 

10 30.0 29.971 

H5 Biox ' 40 7 120.0 30.094 
Effluent _ 

H6 Biox 20 60.0 29.971 
Effluent

I 

H7 Water" 20 
t 

60.0 30.094 

H8 Water 40 120.0 30.094 

H9 Biox Effluent none none 
V 

29.971 

H10 - 5 15.0 30.094 
Effluent ,- 

1“: 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 imniediately 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. 

-’---------



3.3 VERIFICATION OF STANDARD CONCENTRATIONS 

3.3.1 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 operatious 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 fen'icyanide 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 wasundertaken. ‘ 

3.3.2 WITNESS SYSTEM 

To reduce the chance of measurement, reading, or rewrding 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. 
'

. 

3.3.3 INTERNAL ANALYSIS OF STOCK 

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 1: 0.6 mg/L 
Triplicate analysis of the municipal treatment plant effluent showed a cyanide concentration of 
0.033 t 0.003 mg/L. .—.—. _ _-u—.‘.“ 

3.3.4 INTERNAL ANALYSIS OF FRESH STANDARD SOLUTIONS DURING BOTI'LING 

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 BOTTLENG 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 

H3 51? Effluent 0 0 0 0.033 0.002
H 

; 

H4 Water 10 11 10 10333 0.471 
“ H5 Biox Effluent 67 67 64 66.000 1.732 

H6 Biox Effluent. 46 47 45 46.000 0.816
l 

= H7 Water 21 20 21 20.667 0.471 

. H8 Water 42 42 42 42.000 0.000 

H9 Biox Effluent 25 25 - 24 24.667 0.471 

1 H10 srp Effluent’ 5 5 5 5317 0.109 

3.3.5 INTERNAL ANALYSIS OF STANDARD SOLUTIONS FOR STABILITY 

To determine if the standard samples 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. -

- 

‘_ a“. ‘— -|__4
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TABLE 3.3 

ANALYSIS OF BOTTLED STANDARDS OVER THE DURATION OF THE STUDY
~ 

~ ~ ~ 
~~~

~ 

~~ ~ Sample Cyanide Concentration (mg/L) Standard 

Week 0 Week 2 Week 3 Week 4 Mean 
- 

Dcv'atm- 

Biox 36 35 
_ 

36 34 35.250 
Effluent _. 

HZ STP 10 
' 

10 11 10 10.250 0.433 
Effluent 

HB STP 0 0 0 0 0.035 0.002 
Effluent 

H4 ' Water 10 10 10 10 10.083 

HS' Biox 56 66 68 66 64.000 
Effluent 

H6 Biox 46 45 
I 

46 45 45.500 
Effluent 

'

_ 

H7 Water 21 21 20 19 20.175 

H8 Water 42 42 42 42 - 42.000 
‘ 

. . 

H9 Biox .,25 2A 25 24 24.425 
Effluent 

" ' 

H10 STP 5 S 5 5- 5.195 
Effluent

11



3.4 DATA EVALUATION 

3.4.1 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 laboratories.- 

The four techniques used in this study are: 

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

0 A two step flagging procedure to eliminate Grubbs outliers and flag imprecise data; 
0 Regression analysis to compare each laboratory's results with the Expected Values and 

_ 
evaluate precision; 

o Ranking analysis to dettérmine if any of the laboratories are consistently biased. 

Each technique is described in more detail below. 

3.4.2 FREQUENCY DISTRIBUTION OFDATA 
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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3.4.3 FIAGGING 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 represent the results obtained 
by the central core of unflagged labs, are used as the Expected Values. - 

3.4.4 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 YEW. 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; 

‘3‘?“ 

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; perfect 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 1N 
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CASE 1~ 
CASE 2

I 

l 4' 

E. 
i. 

i.
I 

.0 u I I: 2 1.: l u mum-ovum . 

.0 

CASE 3
O
u
Ih 

i
g 

I: 

i
. 

0.3 

II 

4.: 0 IL: I I: 2 2.5 3 u awn-M 

14 

CASE 4 

o a: I u x u I u w V‘-M 

CASE 5u
s 

I:

C 
“V‘kI/Q n~~ 

CASE 6 -
I 

a:

J 

$1.9 
"’

2 
V iu 
i .

u 
°o u i u z WWI-(lull)



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 82. For the purposes of this study the authors have 
arbitrarily chosen the following criteria: A regression coefficient (R2) of greater than 0.995 to 
indicate good precision; An R2 between 0.995 and 0.990 to indicate satisfactory precision; An 
R2 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 slopesfalling 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 t from the 
origin. For the purposes of this study the authors have arbitrarily chosen the following criteria: 
A t within 0.3 mg/L of the origin is considered good; A YW within 3 mg/L is. 
considered satisfactory; A YW greater than 3 mg/L from the origin is considered poor. " 

3.45 RANKING OF DATA TO 13m BIAS. 
A Rank Sum Test (Y ouden 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 Sqlution 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 criteriohWfiEdb’fled
' 

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.
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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 each -cannot distinguish inaccuracy yes 

individual result from imprecision 
—recognizes differences -flagging criteria depenck upon 
between measured and entire group. therefore, if the 

expected values entire group performs poorly, 
the flagging criteria are'les 
strict 

Regression Analysis -looks at pooled sample set -etrongly afieeted by outliers yes 

—can distinguish impedsion 
from inamacy 
vindicates magnitude of biases 
-infoemative graphical lama! 

RankSumTest —detectsbias -maynotdetectbiasin no 
-looks atpooled sample set impredse resultsu'incases 
-doesn't require normally when measured result line 
distributed results crosses the expected line 

' 
—doesn‘t 'give magnitude of 

' biases detected 

«.
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4.0 RESULTS AND DISCUSSION 

4.1 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 

4.2.1 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 performance 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. 

4.2.2 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 'fnhqyse . 

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 indicatesthe 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 setsof results (H5 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 4- 

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. -
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FIGURE 4.1 
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4.2.3 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 (datamore 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 CY ANIDE 
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 

_ I M .
I 

HS - 40.ng/L + H9 value . 67.63 

H6 20 mg/L + H9 value 46.51 

H7 20 mg/L in Milli-Q 21.13 
water . 1L 

H8 40 mg/L in Milli—Q 42.46 ll 

water 

H9 unspiked steel industry 27.10 
biox effluent 

H10 5 mg/L + H3 value 5.39
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4.2.4 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 43 shows the sample results classified as Grubbs 
outliers. 

TABLE 43 

SUMMARY OF RESULTS LYING OUTSIDE 3 STANDARD DEVIATIONS OF THE 
MEAN (GRUBBS OU’I'LIERS) 

~~ 
LABORATORY SAMPLE NUMBERS OUTSIDE 3 
CODE ' V 

STD. DEV. OF THE MEAN ~ ~~~ 
H1,HS,H6,H8,H9 

H1,H6,H9 

H2,H7,H8 

“3 ‘ 
‘ 

ll
‘ 

H10 . , 

Thirteen of the 351 results submitted fell outside 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. 

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 analytical difficulty. A table of the full data 
set with the invalid data removed is in Appendix 3. 

‘ 

' ' I _‘ 

The second stage of flagging was to identify results falling outside 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 
OF THE MEAN 

SAMPLE NUMBERS FALLING OUTSIDE
7 

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 

LABORATORY 
CODE 3 STDDEV. OF THE MEAN 
CNOOS H2, H4, H7, H10 

“ 
CN007 H3, H4, H5, H7, H8 

H 
CN008 H3, H8 

I 

CN009 H1, H5, H6, H8, H9 

'rCNOII H1, H4, H5, H6, H10 

CN013 H10 

CN017 H7, H8 
CN018 H3- 

CN020 ', H2, H3, H4, H7, H8 
CN021 H2, H4, H8 ll 

CN022 ' H10 
CN027 H8 

l CN028 H8 
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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4.2.5 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, s10pe, andt 
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.

I 

4.2.5.1 Precision Evaluated by the Regression Coefficient, R2 

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 R2. In this study we have assumed that 
a regression coefficient (R?) of greater than 0.995 indicates good precision and an R2 between 
0.995 and 0.980 indicates satisfactory precision. An R2 of less than 0.980 indicates poor 
precrsron. 

Table 4.5 shows the participating laboratories with regression coefficients in descending order 
of R2. . . . 

‘0
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Table 4.5 

REGRESSION COEFFICIENTS OF PARTICIPATING LABORATORIES~ 0.990012~~~ 
0.939339 

mom 0.939229 - 

|| 

090353 0.993420 0036». 0.989169 - 

(:Nois 0.997463 04014 0.9880 - 

040043 0.997395 0.985970 ~ ~
~ cu..." - 4 

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. 

4.2.5.2 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 slepes and bias assessments.

~

~

~

~ 

TABLE 4.6 
REGRESSION SLOPES AND BIAS ASSESSMENTS OF PARTICIPATING 

LABORATORIES ' 

MB 00013 11130115351011 snore mm MB 00013 10301113351019 041-1211131403 
-- 51.0913 --

I 

CN005 3.890118 High bias 01004». 1.014322 No bias 
_ detected 

. 

0007 3.460992 - CNOI6 1011841 - 

a 

04009 2934032 - 04010 1.007789 - 

| 

0011 1.924867 - 09012». 1.005004 - 

1 

01023 
‘ 

._ 1370 - 04013 0997703 - 

‘ 09021 1.328293 ' 0401213 0989312 - 

‘ 

09032 1.264 - 
‘ 

0900413 0982840 - 

0026 _ 1113900 Nobus 

‘ 

09022 
I 

0945191 - 

5 

detected 

E 

04031 
" 

_ 

1.078905 - 04024 0944919 

i; 0036A . 

1- 1.069937 - 0030 0.916147 - 

01019 
, 

v 
- 1.067757 9. 09014 09110 ' 

04018 . 
- 1.0603 r 

‘ 

09027 0902649 -
fl 

0403613 . 
. 

v- 13054070 - ' 00117 0.891481 ~- 

1 

(“03 1-040 
- 

' 0008 0.832274 10w um 

i 

0035A 
n 

1034224 - 07020 0736724 - 

i 0015 _'_'-"3- 
I 

1.026113 - 01029 0636213 m «am-3 . 

[030353 1.015720 ' 

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 YEW from the origin may indicate an analytical blank problem, poor precisiOn 
or method failure at high concentrations. In this study, a t less than 1 0.30 mg/L 'is 

considered good and those within :1: 3.0 mg/L are considered satisfactory. A YhW greater 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 4.111517 

Poor 4235334 

“ 
04020 " 4.735902 Poor 04016 - 4.283938 coo?“ 

II 

04027 2124377 Satisfadory 0403513 4.430869 

04010 1.98m0 Satisfactory 04036.4 4573802 Saurraorory 
' 

“ 
04031 1.606632 Satisfactory 040043 4598912 Suhfactory 

r0008 0.982681 Satisfactory 0103618 - 

‘ 

4.680016 Satisfactory
“ 

N 
04014 017754 Satisfactory 0400414 - 4.708153 Safisfzetay 

ll 
04030 0.721138 Satisfactory 04002 4899966 Satisfactory 

n 
0402 0680941 Satisfactory 04012.4 . 4.134451 Saiirraaory 

0402A » 0.376211 Satisfactory 04026 
' 

3-1202626 M 
04025 0373905 Sarisraaory 0401213 ' -1.w627 Satisfactory 

04003 .1 03179 Satisfactory 04021 . -1.259016 Satisfactory II 

04019 0.275670 Good 04032 -1.891 Poor 

04018 02443 Good 04028 -1.3567 Poor 

04013 4.076603 Good 

I 

04007 4.902544 Poor 

04015 4.088846 Good 04009 4.080923 Poor 

I 

CNOOS —9.796815 Poor
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Nenty 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 s0urce 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. - 

4.2.6 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 high rank sums are 
designated as biased low or biased high, respectively. - r 

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 CNOOS and CN017 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 (Y ouden 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 (11028 were assessed as biased high, meaning they 
consistently overestimated the eoncentration of the standard solutions and would do so more that 
95 times out of 100. These labs were also assessed as biased high by theregression 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. 

<—-— a-.. .
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TABLE 4.8 

, RANK SUM TEST RESULTS FOR PARTICIPATING LABORATORIESE 
No Bias 
Dcwcted

~ 

4.3 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 

(Hl,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 sn COEFF. 
NUMBER - VAR. VAR. 

H1 Biox eff. 48.74 40.83 84 40.09 2232 56 

H2 STP eff. “ 11.18 250 22 10.89 1.87 17 

H3 STP eff. 
I 

0.036 0.039 108 0.031 0.026 84 

H4 Water 11.19 2.58 23 11.19 2.58 23 

H5 Biox eff. 81.75 42.04 51 77.08 32.84 43 

H6 Biox eff. 
" 

62.68 42.59 68 54.01 25.42 47 

H7 Water 24.24 11.84 49 22.33 4.16 19 

H8 Water 4552 10.08 22 43.28 4.38 10 

H9 
_ 

Biox eff. 38.77 38.02 - 98 3051 1935 63 

H10 STP eff. 6203 255 42 5.64 1.13 20 

SD: Standard deviation. ' 

COEFF VAR: Coefficient of variation; equals (100 x standard deviation)/mean 
GRUBBS REMOVED: The data set with laboratories having Grubbs outliers Gordan-Outside 
of 3 SD's of the mean) removed. 1 .
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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. '

t 

No bias was detected in 25 of 35 data sets (71% of the participants) when the regression 
slope test was appljpd. 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 CN011, 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 inapprOpn'ate blank c0rrection.
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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 previde each laboratory with the essential 
results pertaining to their Specific situation on one page.

I Q,‘ 

"“ ~_ fl... .
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REPORT FOR LABORATORY CN002 

RESULTS:

~ ~~~
~ ~~ ~~ ~~ 

Sample Number H1 112 H3 H4 as H6 117 as 119 H10 

Expected Value (mg/L) 35.366 10.629 005 10.658 67.634 45510 21.131 42.458 27.102 5.386 

CNOOZValue (mg/L) 40.10 10.60 001 10.40 71.60 51.60 2130 . 43.00 2930 5.27 

STATISTICAL SUMMARY: 
LAB CN002 

The flagging procedure indicated that no no 

samples fell outside 1 standard deviation of 7° 

the mean expected values. The absence of 2 ‘° 
flags and the high regression coefficient g: 
(R2=0.996) indicate good precision. i ,0 

10 

The slope of the regression line (m=1.078, E 10 
see figure) indicates a no bias. The rank sum ° 

test detected a 400 I0 an so 40 so to 70 
to [wad-d Vii-(aw 

INFERENCE: 

The statistical analysis of your data indicates 
that your laboratory has good precision in 
high level cyanide analysis. This is indicated 

. by the high regression coefficient and with 
the absence of flags. 

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.) 

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 SIOpe cfi’tefii‘did'not 
detect bias in your results.



REPORT FOR LABORATORY CN025

~
~ ~ ~ 

RESULTS: 

Sample Number 111 m H3 H4 as H6 H7 H8 119 H10 

Expected vuue (mg/L) 35366 10.629 0025 10.658 671634 45.510 21.131 42.458 27.102 5.386 

ems vane (mg/L) 36.80 1060 004 931 61.80 4300 19.60 40.60 2.70 509
~ ~~~~~ ~ 

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 (R2=0.994) 
indicate satisfactory to good precision. 

The SIOpe 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 with no bias. 

LAB CNO 2 5 

o "10 20 30 40 .00 70
_ wan-(um u 

' 

‘ 

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 HZ H3 H4 as H6 H7 HB H9 H10 “ 

Expected Value (mg/L) 35366 10.529 010% 10.658 61.634 45.510 21.131 42.458 27.102 5.386 

04026 Value(mg/L) 3934 1115 0.03 11.44 78.18 45.34 20.88 44.96 21.89 4.88 

STATISTICAL SUMMARY: 
LAB CN026 

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

The regression coefficient (R2=0.989) 
-indicated satisfactory precision. . 

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

INFERENCE: 

The statistical analysis of yourdata indicates 
that, in this study, your laboratbry displayed 
satisfactory precision with no bias. V

V 

0 10 0 IO 70 20 30 4a a WWI-(MA) 

Reported vs Expected Cyanide Concentration 

"(Notez 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 CN014 

-—-*-‘-—‘

.

~ ~ ~~
~ 

~ ~~ ~ ~ ~ 

RESULTS: 

Sample Number 1-11 Hz HS H4 HS HG H7 H8 H9 HlO 

mooted Value (mg/L) 3.5366 10.629 0.05 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

0014 Value (mg/L) 30.20 12.30 0.03 10.60 64.10 
I 

39.10 2000 41.80 75.70 6.46— 

STATISTICAL SUMMARY: 
LAB CN01 4 

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

‘ 

The regression coefficient (R2=0.988) 
indicated satisfactory precision. 

The s10pe of the regression line (m=0.911, see 
figure) indicates no bias. The rank sum test 
also indicates no bias. 

WFERENCE: 

The statistical analysis of your data indicates - 

that, in this study, yourlaboratory diSplayed -, 

satisfactory precision. Although the regression 
slope and rank sum tests indicate no bias, 
visual inspection of the above graphs indicates 

o 10 |o_1o_ 20 so to no M V‘- (Ml/l) 
Reported vs Expected Cyanide Concentration 

.(Note: Dark boxes indicate reported results. 

Heavy line passing through the boxes is the 
regression fit. “The line represcnts the 
expected values.) _ .

‘ 

a possible underestimation of higher concentrations of cyanide./ This is particualrily evident in, 
the bioxeffluent samples. -"" ‘ar' fl». -



REPORT FOR LABORATORY CN015

~ ~~ ~ ~~ ~ ~~~ ~ 

RESULTS: 

fl Sample Number H1 112 . BB 
1 

H4 HS H6 H7 HB H9 H10 

Expected Value(mgIL) 35.366 10.629 0025 
I 

10.658 61.634 45510 21.131 42.458 21.102 5.386 

0015 Value (mg/L) 37.50 1050 020 10.60 6900 4530 2120 45.70 26.80 5.58 

STATISTICAL SUMMARY: 
LAB CNO 1 5 

The flagging procedure indicated that sample ‘° 

H3 fell outside 3 standard deviations of the ’° 

mean expected value. é” 
. V5!) 

The regression coefficient (R2=0.997) i“ 
indicated good precision. ‘2 

The s10pe of the regression line (m=1.026, see ' 

': 

figure) indicates no bias.‘ The rank sum test 0 1° 1° “gum 5° '° 7° 

also indicates no bias. 

INFERENCE: 

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

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

Reported vs Etpected 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 H1 Hz HI! 
I 

H4 115 H6 H7 H8 HD H10 W Value (myL) 35.366 10.629 0025 10.658 67.634 45.510 21.13: 42.453 27.102 5.386 

mm vane (mg/L) 3450 929 002 13.30 62.30 4730 23.60 41.70 2230 4.27 ~ ~ 
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 (R2=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:
V 

'I‘he'statistical analysis of you? data indicates. 
that, in this study, your laboratory displayed ' 

satisfactory precision with no bias. 

LAB CN02'2 ~~ 
o ' “so 10 o 10 20 so 40 a comm-(mo . 

_ 

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.) 

r"- *2. —.__‘



REPORT FOR LABORATORY CN024

~~~ ~
~ ~~ ~~~~ 

RESULTS: 

Sample Number H1 H2 [-13 H4 1-15 H6 H7 HB H9 H10 

Expected Value (mg/L) 35.366 10.629 0025 10.658 67.634 45510 21131 42.458 27.102 5.386 

@4024 Value (mg/L) 3591 993 002 10.36 63.81 42.56 21.16 4131 533 507 

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 (R2=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 displayed 
good precision with no bias. '0:

' 

LAB CN024 

0 10 1 IO 70 0 so 40 so 

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 H3 H4 H5 H6 H7 HB H9 mo 
Expected Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

cum Value (ms/L) 20.41 13.76 0.06 1452 50.65 3339 2750 $2.49 25.62 5.59
I 

STATISTICAL SUMMARY: 
The flagging procedure indicated that no 
samples fell outside 3 standard deviations of 
the mean expected value.‘ Samples H2, H3, 
H4, H7 and H8 fell o'dtside 1 standard 
deviation of the mean expected values. This 
observation and the low regression coefficient 
(1150.812) 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 your-data indicates 
that, in this study, your laboraiory displayed 
poor precision. Although the regression slope 
indicates a low bias, an examination of the 

LAB CN020 

“0 DO 

"Part-d 

V‘- 

(Mo/l)

8

UD

nO 

0 ‘IO 20 30 40 50 CD 70 Wu- (NM 
Reported vs Cyanide Concentration}? 

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

g 

_ 

. 
-.

, 

results indicates that the cyanide concentrations in the biox effluents were underestimated but the 
water-based standards were overestimated. The low regression slope (and also the fiigh‘mteroept) 
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 115 H6 H7 H8 H9 H10 

wed vuue (mglL) 35366 10.629 0025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

04021 vuue (mg/L) 45.90 13.10 0.03 1530 97.10 5550 5.10 55.60 3230 6.40
~~~~~~~ 

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 stahdard deviation of 
the mean expected values. 

The regression coefficient (R2=0.991)' 

indicated satisfactory precision. 

LAB CN021 

. 0 I0 0 60 70 29 so 40 s WVd-(mn/l) 
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 
. 

.. 
I 

'
. 

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 A 
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. 

'_"‘ -1-=.. 1p‘ ‘



REPORT FOR LABORATORY CN027

~~~~
~

~~~ ~~ 

RESULTS: 

Sample Number H1 H2 HB H4 H5 H6 H7 H8 I'D H‘10 

Expected Value (mg/L) 35.366 10.629 0.025 10.658 61.634 45.510 21.131 42.458 27.102 5.386 n 

(1027 Value (mg/l.) 34.20 4.14,~ 0.02 10.40 66.” 4400 20.10 37.20 3.30 “ 

STATISTICAL SUMMARY: 
The flagging procedure indicated that sample 
H10 was outside 3 standard deviations of the 
mean expected value. Sarnple H8 fell outside 
1 standard deviation of the mean expected 
values. These observations and the regression 
coefficient (R2=0.9354) indicated poor 
precision.

' 

The slope of the regressiori line (m=0.903, see 
figure) indicates no bias. The rank sum test 
also indicates no bias. . 

INFERENCE: 

The statistical analysis of youndata-indicates 
that, in this study, your laboratory displayed 
no bias but poor precision. ~ 

LAB CN027 

20 30 40 60 IO 70 

' 

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.)
I 

'_‘ g— _‘_._. .



REPORT FOR LABORATORY CN028

~ ~~ ~
~~~ ~~~ 

RESULTS: 

Sample Number . 
H1 112 H3 H4 15 H6 H7 H8 H9 H10 

Expected Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45510 21.131 42.458 27.102 5.386 

ems Value (mg/L) 41.56 1237 003 1233 98.93 55.62 24.54 4792 30.15 6.16 

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 (R2=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 CN028 

0 IO 0 CO 70 so '30 40 s W V‘- (mu/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 cyanidezeonEe—ntqratlon 
in sample H5. 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.



l 
REPORT FOR LABORATORY CN007 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ 
RESULTS: 

Sample Number H1 H2 :13 H4 H5 H6 H7 H8 H9 m0 
Expected Vducflng/L) 35.366 10.629 0.02.5 10.658 67.634 45510 21.131 42.458 21.102 5.386 

0007 Value (mg/L) 194.00 12.4 006 $07 205.00 197i 33.00 4830 177.00 6.38— 

STATISTICAL SUMMARY: 
LAB CNOO7 

The flagging procedure indicated that 

samples H1, H6 and H9 fell outside 3 
standard deviations of the mean expected 
value. All samples except HZ and H10 fell 
outside 1 standard deviation of the mean 
expected values. This observation and the 
low regression coefficient (R2=0.653) 
poor precision. 

The slope of the regressfdn line (m=3.461, 
see figure) indicates a high bias. The rank 
sum test also indicates a high bias. 

INFERENCE: 

The statistical analysis of your; indicates 
that, in this study, your laboratory displayed . 

poor precision and a high bias. 
Further inspection of the results indicates that the high 
Biox effluent samples. 

indicate 

20 so 40 so WVd-(m/L) 
~ ~~ ~ £0 70 

. 
. 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.) 

bias occurs primarily in theian'aysisof the.



REPORT FOR LABORATORY CN008

~~~~~~ ~~~ ~ 

RESULTS: 

Sample Number H1 _ H2 113 H4 15 H6 H7 H8 H9 H10 

Expeded Value (mg/L) 35.366 10.629 002.5 10.658 67.634 45510 21.131 42.458 27.102 5.386 

ll 
0:008 Value (mg/L) 31.40 990 0.06 9.60 55.10 40.60 1820 38100 23.90 5.20 

J
. 

STATISTICAL SUMMARY: 
LAB CNOO8 

The flagging procedure indicated that no no 

samples fell outside 3 standard deviations of 
the mean expected value. Samples H3 and 
H8 fell outside 1 standard deviatiou of the 
mean expected values. 

The regression coefficient (R2=0.996) 
indicates good precision. ..

- 

The slope of the regression 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 tendency to low 
values. (Note: Dark boxes indicate reported results. 

' 

. 

' Heavy line passing through the boxes is the best 
INFERENCE: .' 

' 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. ‘._. H__‘~



REPORT FOR LABORATORY CN004B

~~~~ 

RESULTS: 

Sample Number H1, r12 r13 
' 

H4 - us H6 H7 H8 H9 mo 
Expeaed Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

040043 Value (mg/L) 35.93 933 om 959 66.96 44.17 19.60 39.07 26.42 4.74
~~~~ ~~ ~~ 

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 
(R2=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 

'1 

INFERENCE: 

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

. . '0

~ 
LAB CNOO4B 

so 40 so no 10 W Yd. (nu/l)
I 

.0 10 20 

Reported vs Expected Cyanide Concentration 

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

‘5.— ‘_ “u‘ z



REPORT FOR LABORATORY CN005 
RESULTS: 

Sample Number . H1 112 H3 H4 - 115 . H6 H7 118 H9 H10 

Expeaed Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45510 21.131 , 42.458 27.102 5.386 

woos Value (mg/L) 180.00 1600 16.00 236.00 206.00 38.00 79.00 170.00 9.00
~~ ~~ ~~ ~~~ ~ ~ 

STATISTICAL SUMMARY: 
, , , 

LAB CNOOS 
The flagging procedure mdlcated that 300 

samples H1, H5, 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 (R2=0.744) 
indicates poor precision. The sloPe of the o in 

regression line (m=3.8§0, see figure) 
indicates a high bias. The rank sum test was

‘ 

not conducted for your laboratory because an Reported VS Expected Cyanide Concentrafion 
incomplete set of results were submitted.

' 

50 80 70 :0 so 40 
tut-dd Vat-(null) 

INFERENCE: ' 

' Heavy-line passing through the boxes is the best 
..- 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. 

(Notez' Dark boxes indicate rePorted results.
. 

<-------
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REPORT FOR LABORATORY CN003 
I 

RESULTS:

~ ~ ~~
~~~~~~ 

II 
Sample Number H1 11: 1-D H4 H5 H6 H7 Ha H9 1n0 

Wed vuue (mg/L) 35.366 101529 0025 10.658 67.634 45510 21.131 42.458 27.102 5.386 

(mos valuing/1.) 38.80 11.20 002 11.20 69.10 5000 22.10 44.60 28.20 5151—" 

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 
(R2=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'hiethods used 
in this study.

' 

LAB CNO O 3 

0 10 50 ,IO :10 20 so an
_ EwddVd-(m/U 

Reported vs Expected Cyanide Concentration
1 

(Note: Dark boxes indicate reported results. 

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

‘- ‘._. "I...



REPORT FOR LABORATORY CN004A

~~ ~ 

RESULTS: 

Sample-Number H1 H2 HB H4 - H5 H6 H7 H8 H9 H10 

Expected Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

u (1004A Value (mg/L) 37.11 9.69 0.01 9.81 68.75 46.05 19.81 39.97 27.51 4.93
~ ~~~ ~ ~ ~ 

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 
(R2=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}

4 

INFERENCE: 

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

' 

.O 

LAB CNOO4A 

0 10 50 IO 70 20 so V40 
MdVd-(uu/U 

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: 

II 
Sample Number H1 H2 in H4 Hs H6 H7 H8 H? H10 

Expected Value (mg/L) 35.366 10.629 0025 10.658 67.634 45.510 21.131 42.458 21.102 5.386 

0009 Wu: (mg/L) 151.00 9.65 003 9.85 179.50 164100 19.00 38.20 136.00 5.05 

STATISTICAL SUMMARY: 
. . . . LAB CNOOQ. 

The flaggmg procedure mdicated that no 200 

samples fell outside 3 standard deviations of "° 

the mean expected value. Samples H1, H5, m 
H6, H8, and H9 fell outside 1 standard we 
deviation of the mean expected values. These 3 '°° 

observations and the low regression
g coefficient (R2=0.683) would normally 4,, 

indicate poor precision. :0 

0 I0 .80 70 no so 40 so (“bimbo/U 
In this case, however, this is caused by an 
overestimate of the concentrations present in 

‘ 

l

' 

the biox effluent samples. The slope of the Reported vs Expected Cyanide Concentration 
regession line (m=2.934, see figure) - .

t 

indicates a high bias as a result, Thcprank (Note: Dark boxes indicate reported results. 

sum test did not detect bias. -- Heavy line passing through the boxes is the best
I 

' '~ J. _ . _ regression fit. The thin line represents the 
INFERENCE: ‘- - expected values.) . -_ 

- 
t 

I
- 

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 theconcentrations present in thesesamples. A visual examinatiofOf‘flfe 3b6ve 
figure indicates that the level of precision in your analysis of water-based standards is 

acceptable.
'



REPORT FOR LABORATORY CN010

~~ ~ ~ ~ ~ ~~~ ~ 

RESULTS: 

Sample Number H1 Hz H3 H4 HS H6 H7 Hs H9 Hio 

Expected Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45510 21.131 42.458 21.102 

CMMO Value (mg/L) 41.07 12:57 0.04 12.32 66.07 50.71 24.64 46.43 3.57 6.43Jl
_ 

STATISTICAL SUMMARY: 
LAB CN010 

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

The regression coefficient (R2=0.990) 
indicated satisfactory precision. 

The s10pe'of the regression 'line (m=1.008, see 
figure) indicates no bias.‘The rank sum test 
also indicates no bias. 

The Y-intercept of the regression line (1.99) 
is higher than normal and may reflect an 
improper blank correction. 

V 

" ‘ ' 

INFERENCE: 

The statistical analysis of your data indicates 
that, in' this study, your laboratory displayed satisfactory precision and no bias. A high regression 
line intercept and the parallel slope may indicate in improper blank correction. " 

' "‘ ' 

0 lo 1 0 I0 70 o .50 an a WWW“) 

~' (Note: Dark boxes indicate reported results. 

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

Reported vs Expected Cyanide Concentration -



~ 
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REPORT FOR LABORATORY CN011

~ 
~ ~ ~

~ ~~ ~~ ~ ~ ~ ~~ 

RESULTS: 

Sample'Number H1 HZ H3 H4 H5 H6 H7 HE H9 H10 

Expeaed Value (mg/L) 35.366 10.629 0025 10.658 67.634 45510 21.131 42.458 27.102 5.386 

0011 Value (mg/L) 71m 211!) 0.03 22.00 moo 100.00 89m 86m 421!) 9.80 __ _ .. 

STATISTICAL SUMMARY: 
LAB CN011 

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 
stand deviation of the mean expected 
values. These observations and the low 
regression coefficient (R2=O.871) indicate poor 
precision. 

The slope of the regression line (m=1.925, see 
figure). indicates a high bias. Therank sum 
testalsoinditntesahigh bias. ~. 2 

-' 

INFERENCE: . 

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

~~ o to 70
I 

In so so so W V‘- (In/l) 
_ Reported vs 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.) 

I ‘ 

-""‘ d— n... _



REPORT FOR LABORATORY CN012A

~ ~ ~ ~ ~~~~~~ 

RESULTS: 

H Sample Number H1 H2 n3 H4 115 as 117 as H9 H10 

u Expeded Value(mg/L) 35.366 10.629 0025 10.658 67.634 45510 21.131 42.458 27.102 5.386 

a (1mm Value (mg/L) 31 9.74 002 1030 69.40 43.70 20.90 4390 22.40 5.03 

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

The regression coefficient 
indicated satisfactory precision. 

The slope of the regression line ‘(m=1.005, see 
figure) indicates no bias.'The rank sum test ° I" 1° Mflvug‘m '° 

I 

'° 7° 

also indicates no bias. 

INFERENCE 

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

'
' 

(R2=0.989) 

LAB CNO 1 2A 

Reported vs Expected Cyanide Concentration -' 

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

'- expected values.) 

‘. -I,.. ‘— ‘ 

(Note: Dark boxes indicate reported results. .



REPORT FOR IABORATORY CN012B

~

~~ ~ ~
~

~ ~ ~ ~~ 

RESULTS: 

Sample Number H1 H2 113 H4 as H6 H7 113 H9 H10 

Expected Value (mg/L) 35.366 10.629 0025 10.658 61.634 45.510 21.131 42453 21.102 5386 

010123 Value (M) 32.20 9.00 003. 10.90 69.20 38.80 19.60 44.70 22.00 454 

STATISTICAL SUMMARY: 
LAB CNOlZB 

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 (R2=0.980), however, indicates 
satisfactory to poor precision. 

The slope of the regression 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 laboratory displays '- 

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

0 I0 70 20 so 00 a W Val- (rm/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 CN013 

RESULTS: 

E Sample Number H1 HZ 113 1-14

~~ ~~ 

“Expected Value (myL) 35.366 10.629 0.025 10.658 67.634 45.510 21.131 42.458 27.102 
5.38;“

~ ~~~~~ 
ucmn Value (mg/L) 34.60 10.70 0.05 10.40 69.40 44.90 21.00 41.70 2530 6.97 

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 
indicated good precision. 

,1 

0841997) 

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

‘ 

INFERENCE:
V 

The statistical analysis of youi' data indicates 
that, in this study your laboratory "displayed

‘ 

good precision with no bias. 

LAB CN013 
no 

10 
' . 

$00 
v50 
5., 
3 so 

20 

to 

00 10 20 so 4o .50 so 10 WWI- (me/1) 

Reported vs Expected Cyanide Concentration 

(Note: Dark boxes indicate reported results. 

Heavy line passing through the boxes isthe best 
regression fit. The thin line represents the 
expected values.) - t
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REPORT FOR LABORATORY CN016 

~ ~~ ~ ~ ~ ~~ ~ ~ 

RESULTS: 

Sample Number 111 in HB H4 H5 H6 H7 HB H9 mo 
Expeaed Value (mg/L) 35.366 10.629 00% 10.658 67.634‘ '45510 21.131 42.458 27.102 5386 

0016 Value (mg/L) 34.80 11.10 0.02 100) 68.20 45.40 23.10 46.x) 3.00 480
J 

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

The regression coefficient (R2=0.991) 
indicated satisfactory precision. 

The 810pe 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 CN016 

0 10 I0 70 20 so ‘0 so Wmho/ll 

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.) - r- . 

.J" é-_ “I... .



REPORT FOR LABORATORY CN017

~ 

RESULTS: 

Sample Number 111 r12 [-13 H4 115 H6 H7 H8 H9 H10 

Expected Vllll¢(mglL) 
V 

35.366 10.629 0.05 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

(mu vuue (mg/L) 950. (102 9.60 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 received from your 
laboratory. 

The regression coefficient (Rz=0.999) 
indicated good precision on the sample results 
submitted. 

The slope of the regression line (m=0.891, see 
figure) indicates no bias. The rank sum test

7 

was not conducted. ..' 
'

’ 

INFERENCE: 

LAB CNO 1 7 

E:
l
1 

Is 20 as so :5 4o 4: WVfit/U 
- 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 statistical analysis of your data indicates that, in this study, your laboratory displayed good 
precision on water-based standards and spiked municipal STP efifluentsIhe regression fiope' 
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 CN018 

~
~ 
~~

~

~~~~ ~ ~ ~~ ~~ ~~ 

RESULTS: 

Sample Number H1 Hz H3 H4. 1-15 H6 H7 H3 as H10 

Bxpeaed Value (mg/L) 35.366 10529 0.05 10.658 67.634 45510 21.131 42.453 27.102 5.386 

' (2018 Value (mg/L), 47.40 935 0.00 9.73 64.40 58.80 1930 40150 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 deviation of the mean 
expected values. 

regression coefficient (RL—0.942) 
indicated poor precision. 

I 

"
. 

'1 

The 810pc of the regression line (m=1.0603, 

LAB CN018 

noun 0000 

I.0 
mm 

V;- 

(M)

‘

' 

.3O 

0 IO N 0 10 
' 

20 :0 40 a “Wu-(NM ' 

. 0 

see figure) indicates no bias. The rank sum 7 

test also indicates no bias. ' ' 

INFERENCE: »- 

The statistical analysis of youi'data indicates ,

' 

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

_‘ 
Reported vs Expected Cyanide Concentration 

'1' 

(Note: Dark b0xes , 
indicate reported results.

’ 

Heavy line passing through the boxes is the best I 

regression fit. The thin line represents the . 

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 deficiencyfeflol 
was reported) rather than an analytical one.



REPORT FOR LABORATORY CN019

~~~ ~ 

RESULTS: 

u Sample Number H1 HZ in H4 as H6 H7 as 119 m0 
Erpeded vane (mg/L) 35.366 10.629 0025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

01019 Value (mg/L) 41.20 11.60 0.04 11.40 71.40 50.50 n40 44.70 28.60 5.80
~ ~~~~~~ 

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 (R2=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; " 

INFERENCEE 
'_ 

The statistical analysis of your data indicates 
’ 

that, in this study; your laboratory displayed 
good precision and no bias; 3 

LABCNOlQ 

O 10 0 IO 70 10 50 4O 5 WWI-(Nil) 

' 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 CN029'

~ ~~ ~
~

~~~ ~~ 

RESULTS: 

Sample Number 111 m in H4 as H6 in H8 H9 mo 
Expeded Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45510 21.131 47.453 27.102 5336 

mvuuem/L) 36.75 14,50 0.15 350 3833 3533' 21.25 
' 

39.16 2438 530
B 

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 (R2=0.851) 
suggest poor precision. .

i 

The slope of the regressioh'line (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 CN029 

0 IO 60 70 In so no so 
' W V‘- (NN v 

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.) -‘ 

' ' “ "
I 

however, suggests that the poor precision and low bias assessments are largely the result of .a 
serious underestimatiou of concentrations above about 40 mg/L. 

"" ‘— “In.



REPORT FOR LABORATORY CN030

~~~~
~~~~~~ 

RESULTS: 

Sample Number H1 H2 ['13 H4 H5 H6 H7 H8 H9 1-110 

Expected Vnhle 35.366 10.629 0.05 » 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

0030 Value (mg/L) 33.30 10.80 0.03 11.30 63!” 4050 21.30 4250 23.50 550 

' STATISTICAL SUMMARY: 

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

The regression coefficient (R2=0.993) 
indicated satisfactory precision. r 

The slope of the regression line (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 laboratory displayed 
satisfactory precision with no bias. 

LAB CN030 

0 10 0 I0 70 20 so 40 a W V‘- (ma/l) 
1 

Reported vs Expected Cyanide Concentration 

(Note: Dark boxes indicate reported results. 

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

ll0
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REPORT FOR LABORATORY CN031 

RESULTS:

~ ~~ ~
~ ~ ~~~ ~ ~ 

Sample Number 111 H2 H3 H4 H5 H6 H7 HB H9 mo 
Expected Value (mg/L) 35.366 10.629 mm 10.553 67.634 45.510 21.131 42.458 27.102 5335 

0031 Value (mg/L) 33m 11m <1 12.00 10m 55m ..3o.oo 53m 34m ' 

6.00 

STATISTICAL SUMMARY: 
LAB CN031 

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. These observation and 
the regression coefficient (R2=0.967) indicated 
poor precision. 

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

INFERENCE: 

The statistical analysis of your..data indicates J 

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

.- 

0 10 IO 70 20 
l 

30 ‘0 80 
weave-(null) 

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.) 

"' a..— —"--



REPORT FOR LABORATORY CN032

~
~~~~~~ ~~~~ 

RESULTS: 

Sample Number H1 112 113 H4 as H6 H7 HB H9 HlO 

Expected Value (mg/L) 35.366 10.629 0.05 10.658 67,634 45.510 21.131 42.458 21.102 5.386 

04032 Value (mg/L) 3320 10:10 0.05 1030 61.70 115.40 1930 39.80 2300 520 

STATISTICAL SUMMARY: 
LAB CNO 3 2 

.- NO 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. 

.- OO

a o
.

8 Mort-d 

Vau- 

(me/L)

3 I 

The regression coefficient (R2=0.606) - 

indicated poor precision. 
MO 

0 IO ‘0 70 
v 

20 30 4O 50 Wmhflfll 
The slope of the regression line (m=1.264, see 
figure) indicates a high _ bias (see 
INFERENCE below). The rank sum test 

indicates no bias. - 

Reported vs Expected Cyanide Concentration 

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

INFERENCE: 

In this study, one result submitted by your 
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 mofe appropriate 
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 H5, which is also biox 
effluent, suggests that the latter may be the case. 

(Note: Dark boxes indicate reported results.
I
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REPORT FOR LABORATORY CN035A

~ ~~ ~
~ ~~~~ ~ 

RESULTS: 

Sample Number H] H’Z HS H4 HS H6 H7 HB H9 H10 

Expeaed Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45.510 21.131 42.458 27.102 5.386 

0035A Value (mg/L) 40.08 10.15 0.02 10.01 68.26 49.92 $.19 41.05 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 (R2=0.993) 
indicated satisfactory precision. 

The slope of the regression 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 
838 

ll0

3 
WM 

VA- 

(Mo/L)

8 

NO 

.- 

0-0 

0 ‘0 o lo ‘_ ya 20 so 40 a WWII (NM ‘ 

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.) 

"" ‘5' fl .~.



REPORT FOR LABORATORY CN035B

~~~~
~~~~~ ~ 

RESULTS: 

Sample Number _ H1 _ 112 113 H4 H5 H6 H7 HB H9 H10 

Expected Value (mg/L) 35.366 10.629 0025 10.658 67.634 45.510 21.131 42.458 21.102 5.386 

040353 Value (mg/L) 3534 10.26 0112 10.19 6924 46.70 2053 40.64 28.04 5.28 

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 (R2=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 analysisuof your data indicates 
that your laboratory displays good precision 
with no bias. ' 

‘ ' 

a
. 

LAB CN0358 

O 10 :0 so 40 so WV“ (Ml/Q 
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 CN036A

~ ~~~ ~ ~ ~~ ~~ 

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

The regression coefficient (R2=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. I 

RESULTS: 

Sample Number - H] 112 in H4 as H6 H7 118 H9 mo 
Expected Vllue (mg/L) 35.366 10529 0.05 10.658 61.634 45510 21.131 42.458 27.102 5.386 

0mm Value (mg/L) 40.17 1056 001 10.41 69.78 5424 2037 4137 26m 501 

' STATISTICAL SUMMARY: . 

LAB CNO36A 

u0 

I!0 
W" 

V‘- 

(IN/L)

S 

o 10 1 
I 

so 70 0 so 40 so WWI-(MN 

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.) 

““' *fi... .



REPORT FOR LABORATORY CN036B 

RESULTS: 

Sample Number H1 HZ HB H4 H5 H6 H7 HS H9 H10 

Expected Value (mg/L) 35.366 10.629 0.025 10.658 67.634 45510 21.131 42.458 27.102 5386 

00368 Value (mg/L) 37.22 10.41 0.02 10.32 70.87 49.07 21.14 43.05 27.24 5.19
~ ~~~

~~~ ~~~ ~ 

STATISTICAL SUMMARY: 

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

This observation and the regression coefficient 
(R2=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 bias. 

LAB CNO 36 B 
no 

10 

$00 
v50 

g .o 

3 so 
L. 

to - 

oo 10 20 so 40 so so 10 W Val- (mI/l)
I 

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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APPENDIX 1 
List of Participating Laboratories
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Walker Industries Ltd. Lakelield Research 
PO. Box 100 . r P.O. Bag 4300, 185 Concession Street. 
Thorold, Ontario 

' 

Lakefield, Ontario 
L2V 3Y8 ' KOL 2HO 

Mr. Sing Ha .Mr. Tony Robles 
Dofasco Inc. American Barrick Inc. 
Industrial Drive Chem. Lab. PO. Box 278 
1330 Burlington St. E. Kirkland Lake, Ontario 
PO. Box 2460 P2N 3H7 
Hamilton, Ontario,LBN 315 

Mlle. Dominique Duval Mme Anick Tremblay 
Laboratoire C.S.L. Laboratoire C.N.F.S. 
Environnement Canada 1315 Newton 
1001 Pierre Dupuy Boucherville, PO 
Longueuil, PO .128 51-12 

MK 1A1 '

v 

M. Amr Rouchdy 1 Mr. William Coedy 
Technitrol-Eco - 

, 

Chemist-in-Chargc 
121 boul. Hymns - Water Resources Laboratory 
Pointe-Claire, PQ . Dept. of Indian and Northern Affairs 
H9R 1E6 Box 1500 

p

v 

Yellowknife, NWT 
X1A 2R3 

Mr. Dave Maskery 
Inco limited 

.' Copper Cliff, Ontario 
' 

' POM 1N0 

Mr. Victor Rafuse 
V 

. T. Onggowodjaja 
Chief Chemist. . Detour Mines 
Williams Operating Corp. . 

PD. 2016 
PD. Bag 500 

I 

Timmins, Ontario 
Marathon, Ontario P4N 289 
POT ZH] 

Doug Johnson Ernie Goodwin 
Chief Chemist Hemlo Goldmines Inc. 
Royal Oak Mines Inc. 

‘ 

Golden Giant Mine 
P.O. Bag 2010 PO. 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, PO. Box 3030 
Sarnia, Ontario, NTI‘ 7M1 

Mr. George Slaney 
Cyanamid Canada Ltd. 
Welland Plant 
Gardner Rd., P.O. Box 240 
Niagara Falls, Ontario 
1213 6T4 

Mr. Andrew Murray _ 

Barringer Laboratories Limited 
5735 McAdam Rd. 
Mississauga, Ontario 
L42 1N9 

Mr. Jeffrey Pike 
Canviro Analytical Laboraéories Ltd. 
50 Bathurst Dr., Unit 12 
Waterloo, Ontario 
NZV 2C5 

Mr. John Fenwick 
Novalab Ltd. 
9420 Cote de Liesse 
Lachine, Quebec 
HST 1A1 ' 

-- 

I 

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 
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Egan WRP Research & Development Laboratory 
550 S. Meacham Rd. 
Schaumburg, Illinois 
USA 60193 

Ms. Jane Lindsay 
Ortech international 
2395 Speakinan Drive 
Mississauga, Ontario 
1.5K 183 

Mr. John Robertson 
Beak Consultants Ltd. 
14 Abacus Rd. 
Brampton, Ontario MT 587 ~ 

Dr. Murray Fisher 
Environment Protection Laboratories Inc. 
6850 Goreway Drive 
Toronto, Ontario 
L4V 1P1 ° 

Mr. Michael Booth 
Ontario Hydro Research Division 
800 Kipling Ave., KR 310 
Toronto, Ontario 

— M82584 

Mr. Ronald M. Connell 
Placer Dome Inc, Dome Mine 
PO. Box 70 
South Porcupine, Ontario 
PON 1H0 

Dr. Eric Devuyst 
Inco Research 
2060 Flavelle Blvd. 
Sheridan Park 
Mississauga, Ontario 
1.5K IZ9



Mr. Fredrick Clayton 
0C 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 
PO. 550 
Kirkland Lake, Ontario 
PZN 3J7 

Dr. D. Jeffery 
Zenon Environmental Inc. 
8577 Commerce Court 
Burnaby, BC 
VSA 4N5 

Mr. P. Kluckner 
Director, Laboratories 
C&P, Pacific and Yukon Region 
4195 Marine- Dr.

‘ 

West Vancouver, BC 
Canada, vvv 1N8 

Mr. mi Ghandi 
Egan WRP Research & Development Laboratory 
550 S. Meacham Rd. 
Schaumburg, Illinois 
USA - 60193 

Anver Najak 
Stelco Hilton Works 
Metallurgy 0A Section 
100 King St. W. 
LBN 3T1 

Mr. Fred Doern 
AECL Research 
Whiteshell Laboratories 
Pinawa, Manitoba 
Canada, ROE 1U)



APPENDIX 2 
Complete Table of Results (Raw Data)



WTC4 HIGH LEVE. CYANIDE STUDY: RAWDATA (As of May 21. 1992) 
H \

3 ~ ~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~
~ ~ ~ ~ ~ ~ 
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5. 10 um 1550
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APPENDIX 3 
Table of Results with Invalid Data (Grubbs outliers) Removed



'
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WTC4 HIGH LEVH. CYANIDE STUDY: RAWDATA WITH VALUES FALUNG OUTSIDE 1 STANDARD DEVIATION RBIOVED 
i \

\
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
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APPENDIX 4 
Table of Results with All Outliers Removed



WTC4 HIGH LEVEL CYANIDE STUDY: RAWDATA WITH GRUBBS GUIDES RHIOVED

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~~~ 
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