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MANAGEMENT PERSPECTIVE

The Upper Great Lakes Connecting Channels (UGLCC) have been
designated as "Areas of Concern® by the International Joint Cormission.
A Canada - U.S. binational study, involving the identification and
assessment of the environmental impacts of toxic substances, in those
areas, was initiated in 1984. In order to assist analytical
laboratories, which are contributing data to the UGLCC study, to
generate reliable and accurate data during the study, a Quality
Management Work Group was formed and 13 interlaboratory performance
evaluation studies were implemented.

This report summarizes and evaluates the results from the
twelfth interlaboratory performance evaluation study, QM-12, which
consisted of the analysis of total phéno1 in water. Results were
received from four Canadian and three U.S. Tlaboratories out of 10
participants. Overall, 81% of the data, received from the participants,
were satisfactory and comparable. A1l participating laboratories have
been provided with appropriate feedback.

Dr. J. Lawrence
Director _
Research and Applications Branch
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.1nter laborat01res ont ete entreprlses..:

. ont beneflcle d une retroactlon tres efflcace._V

'ffblrectlon de. la recherche et des

Le'f "Upper Great Lakes Connectlng Channels" (UGLCC) ont

reté de51gnés comme "Zones a rlsques"‘par la CommlSSlon mlxte
; lnternatlonale.- Une etude blnatlonale Canada'- Etats-Unls,>‘

a été m1se en oeuvre en 1984 pour caracterlser et evaluer

”U,les effets env1ronnementaux de substances tox1ques dans ces :
fgzones. Pour alder les 1aborat01res a analyses, qul contrlbuent
'a 1'etude UGLCC, E'obtenlr des donnees sures et prec1ses dans

le cadre de 1! etude, un Groupe de travall en gestlon qualltatlve

: Le present rapport resume et evalue les resultats de la

dou21eme etude sur l'evaluatlon de la performance 1nter-laborat01res,.

QM—12 - qui concernait: l'analyse du phenol total ‘dans 1' 'eau.

gSur lO part1c1pants, des resultats ont &té ‘obtenus de. quatre

laborat01res canadlens et de tr01s laborat01res des: Etats-Unls.
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ABSTRACT

The Upper Great Lakes Connecting Channels (UGLCC) recognizes
Quality Assurance/Quality Control (QA/QC) aspects as crucial elements

. to the overall utility of study results. As part of the QA/QC program,

thirteen interlaboratory performance evaluation studies were designed
and conducted by the Quality Management Work Group.

This report describes the results from the twelfth inter-
laboratory performance evaluation study, QM-12, which consisted of the
analysis of total phenol in water. Results were received from seven
out of ten participating laboratories (four Canadian, three U.S.).

Data were evaluated for bias by Youden's ranking technique
and results which deviated significantly from the median were flagged.
The interlaboratory comparability of total phenol in water was
satisfactory. There was good agreement between the interlaboratory
medians and the design values. Included in this report is a summary
of each laboratory's performance.
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" Les "Upper Great Lakes Connectlng Channels" (UGLCC)

freconnalssent les aspects Assurance de la- quallte/Controle de laﬁ
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1.0 INTRODUCTION

The Upper Great Lakes Connecting Channels (UGLCC) have been
designated as "Areas of Concern" by the Internationd] Joint Commission
(1JC). To identify and deal with the environmental problems, a three
year, binational study was started in 1984, involving Canadian and
U.S. environmental and resource agencies, to study the St. Marys,
St. Clair and Detroit Rivers, and Lake St. Clair. The study involves
jdentifying, quantifying and determining the environmental impacts of
conventional and toxic substances from various sources.

The UGLCCS recognizes Quality Assurance/Quality Control
(QA/QC) aspects as crucial elements to the overall utility of study
results. As part of the QA/QC program, thirteen interlaboratory
performance evaluation (QC) studies were designed and conducted by the
Quality Management Work Group. The goal of these QC studies fis to
assist analytical laboratories, which are producing data for the UGLCC
study, to generate reliable, accurate data and to assess their overall
performance during this study. A total of some 100 parameters

(organic, inorganic and physical properties) in three types of
matrices (water, sediment and biota), will be assessed.

This twelfth interlaboratory study, QM-12, was initiated on
April 2, 1986. It involved the analysis of total phenol in water. The
original deadline for reporting results was set for May 30, 1986.
However, since several laboratories were late in reporting, the study
was not closed until October 10, 1986.

2.0 STUDY PROFILE

From the returned questionnaires, the following 10
laboratories affirmed that they would participate in this study: U014, .
U049, U057, U077, U079, U089, U094, U063, U072 and U090. By the time
the study was closed the last three laboratories had not sent back any
results. See the list of participants at the end of this report.
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Each 1éboratory was provided with four ampules and a
one-litre sample of naturally occurring surface water. Two of the
ampules were used to spike two 500 mL aliquots of the one-litre sample
of naturally occurring surface water provided while the other two
ampules were used to spike two 500 mL aliquots of the laboratory's
own organic-free water. A1l ampules were well-characterized reference
materials, prepared by the Quality Assurance Project Team, Research
and Applications Branch of the National Water Research Institute
(NWRI) and were stored at 4°C before distribution. The design values
and interlaboratory medians for total phenol in waters are given in
Table 2. The design values were verified by in-house and external
analyses. |
Participants were asked to analyze samples 1201 - 1204 for
tbta] phenol, using their in-house procedures and standards. In order
to estimate the precision of such analysis, these samples were sent
out in blind duplicate pairs, as shown in Table 1.

3.0 RESULTS AND DISCUSSION
3.1 Analytical Methodology

In this study, total phenol in water was analyzed by all
participants with the colorimetric determination based on either the
manual or automated 4-aminoantipyrine (4-AAP) method with distilla-
tion. For the sample pretreatment, five out of seven laboratories
reporting results used manual distillation and two used automated
distillation. For the method of detection, U014 used both automated
and manual 4-AAP methods. While three laboratories used a manual
4-AAP method, the other three laboratories used an automated 4-AAP
method. See Table 3 for the details of analytical methodologies.
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3.2 Data Evaluation

A1l raw data submitted by the participants are listed in the
data summary (Appendix II). Individda] lab results for total phenol
were evaluated by Youden's ranking technique (Ref. 1) for the detec-
tion of bias as well as a computerized flagging procedure (Ref. 2). A
laboratory's results are judged biased high or low when its total rank
is outside of a statistically allowable range, For a further
explanation of the ranking and flagging procedures, see Appendix 1.
This statistical procedure, which semi-quantitatively evaluates data
accuracy, is widely used in other interlaboratory QC studies. See
Table 4 for a summary of total phenol data: ranking and flagging.

The accuracy of total phenol results is also summarized in
Table 5. In this table, the number of results reported, the number of
results flagged VH, H, L and VL were summed, and the percentages of
results flagged were calculated. The statements of biased results are
also included. -_

Paired sample plots are included as a graphicaT illustration
of systematic vs random error as well as precision and accuracy of the
participants' data (see Appendix III). The explanation of the detailed
paired sample plots was given in the preVious report (Ref. 3).

3.3 General Comments

Only three of the seven laboratories reported their data by A
the originally set deadline (U079, U089, U094). Lab U014 submitted two
sets of total phenol results by using two different techniques.
Accordingly, they were assigned lab numbers UO14A and UO14B. Computer
printouts with raw data were sent to all reporting laboratories for .
verification on December 4, 1987. All laboratories returned their.
results verified. A final data summary was sent to the participating
labs, the -Quality Managdement Work Group, the Work GrOUp Chairman and
the MC and AIC Chairmen on January 23, 1987.
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The overall interlaboratory performance of total phenol
analysis in waters was satisfactory, except some of the data from
U014B, U077 and U079. Interlaboratory medians agreed closely with the
design values and the calculated recoveries ranged from 97.2 to 101%.
After rejection of outliers, the interiaboratony RSD was better than
14%. The difference between the interlaboratory means and medians
were less than 10% for all four water samples. The precision of
within-lab duplicate analysis was rather good for all participants
with the RSD better than 15%. The reported detection 1imit among the
participants ranged from 1 to 5 pg/L. ’

According to the Youden plots, most results were precise and
accurate with the exception of the following cases. Laboratory
U014B's results were high for samples 1201 and 1204 and not precise
for samples 1202 and 1203; laboratory U077 results were high and not
precise for samples 1202 and 1203 and laboratory U079 results were
high and not precise for samples 1201 and 1204. It indicated both
random and systematic errors were present for the above-mentioned
laboratories. _ _

_ Although the results from laboratory U014 showed that the
automated 4-AAP method (UO14A) was more accurate and precise than the
manual 4-AAP method (U0O14B), overall, both methods used by the other

- laboratories were genera11y comparable and accurate.

3.4 ‘Lab-Specific Comments

~ Laboratory UO14A's results were accurate and precise with no
flags or bias statements. Precision was excellent with the RSD better
than +2%. Laboratory UO1l4B's results had two VH flags and one L
flag. Sixty-three percent of their resu1ts'were'f1agged. Precision
was less satisfactory for samples 1202 and 1203 with the RSD > :12%.
Laboratory U049's results were accurate and precise with no
flags or bias statements. Precision was better than +3% RSD.
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Laboratory U057's results were accurate and precise with no
flags or bias statements. Precision was better than +7% RSD.

Laboratory U077's results were satisfactory except for one
VH flag on sample 1203. Twenty-five percent of results were flagged.

Precision was less satisfactory with £14% RSD.

Laboratory U079's results had one VH flag and one H flag.
These results were biased high. Thirty-eight percent of results were
flagged. Precision was less satisfactory for samples 1201 and 1204
with +20% RSD.

Laboratory U089's results were accurate and precise with no
flags or bias statements. Precision was excellent with the RSD better

than £3%.
Laboratory U094's results were accurate and precise with no

flags or bias statements. Precision was excellent with the RSD better
than #1%.
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LIST OF PARTICIPANTS

Barringer Magenta Ltd., Rexdale, Ontario

Beak Analytical Services, Mississauga,Ontario

Detroit Wastewater Treatment Plant, Analytical Laboratory, Detroit,
Michigan ‘

Michigan Department of Natural Resources, Lansing, Michigan

Ontario Ministry of the Environment, London, Ontario

Ontario Ministry of the Environment, Water Quality, Rexdale, Ontario

U.S. Geological Survey - NWQL, Arvada, Colorado

The following laboratories were given samples, but did not submit any

results:

Michigan Department of Public Health, Lansing, Michigan

U.S. Army Corps of Engineers - Environmental Analysis Branch, Detroit,
Michigan

Zenon Environmental Inc., Burlington, Ontario
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TABLE 1

Samp1e§mDistributed For Analysis In QM-12

Description

Samples

1201 In-house sample #4, used to

spike 500 mL aliquot of a
naturally  occurring  surface

water provided

1202 In-house sample #5, wused to
spike organic-free Tlaboratory
water

1203 Same as 1202

1204 Same as 1201
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TABLE 2

Parameter

Sample Number
1201 and 1204

- Design Median
Cvalue 1201 1208

Design  Median
Value 1202 1203

Total Phenol

12.0 12.1 12.0




TABLE 3

Analytical Methodology for Total Phenol in Water

Lab No. Sample Pretreatment Method of Detection
UO14A Manual Distillation Automated 4-aminoantipyrine
(4-AAP) method
uo14B Manual Distillation Manual 4-AAP method
U049 | Manual Distillation Manual 4-AAP method
uo 57 Manual Distillation Manual 4-AAP method
uo77 - Manual Distillation Manual 4-AAP method
uo79 Manual Distillation Automated 4-AAP method
- U089 Automated Distillation Automated 4-AAP method
U094 Automated Distillation Automated 4-AAP method
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TABLE 5

Te@hnigge and Computerized F]gging'PrOCédure

No. of Results

No of -Flagged
- Lab No. Results N % Flagged Comments
Reported vy H L VL ...

UO14A 4 0 O 0 0 Satisfactory

U014B 4 2 0 0 63 Flagged VH on
sample 1201, 1204
and L on 1203,
these results are
erratic.

U049 4 0 0 O 0 0 Satisfactory

U057 4 0 0 0 0 0 satisfactory

uo77 4 1 0 O 0 25 Satisfactory ..
except for
flagged = VH on
sample 1203.

v079 4 1 1 O 0 38 Flagged H on 1201
and VH on 1204.
Ranking indicates
results are
biased high.

U089 4 0 0 0 O 0 Satisfactory

U094 4 0 0 0 0 0 satisfactory

* Fach H or L flag was counted as half a flag.
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Appen. I.1
APPENDIX I

G]osggry‘of'Terms

'(1) Ranking

Ranking is a non-parametric statistical technique used for the
detection of pronounced systematic error (bias) in inter]aboratbry
studies. According to Youden's procedure, rank 1 is given to the -
laboratory that provided the lowest result, rank 2 to the next lowest.
In case of a tie, the average rank is given to the tied laboratories.
Results with a < sign are not ranked. For each parameter, the total
rank of each laboratory is the sum of individual ranks on each sample.
In the case of six test samples and ten laboratories, the 5% probability
limits for ranking scores are 14 and 52. A 1aboratony withba score
lower than 14 is identified as biased low. Similarly, a laboratory with
a total rank hiéher' than 52 is biased high. In both cases, their
results are classified as outliers. In cases where a 1aboratory did not
provide all the results, or some of the results were not ranked, the
average rank instead of total rank was used for the determination of
biased statements. |

The more comparable, i.e., bétter, laboratories should have ranks
in the middle rather than at the extreme ends. However, laboratories
with middle ranks do not necessarily mean that they provide more
consistent . results since very high results (high ranks) and very low
results (Tow ranks) would average out to yield a total rank close to the
median. Therefore, ranking alone is not sufficient to determine the

performance of a laboratory.

(2) Flagging

Wwhen the true values of constituents in test samples are unknown,
individual results can be evaluated in terms of their absolute
differences from the interlaboratory medians. Medians are chosen rather

| than means since they are not influenced by a moderate number of extreme



Appen. 1.2

values. By this flagging technique, all results are graded into the
following three groups in the order of decreasing accuracy: (1) results
with no flags, (2) results with H or L flags, and (3) results with VH or
VL flags. Before evaluation is performed, three parameters, namely,
Lower Limit for use of Basic Acceptable Error (LLBAE), Basic Acceptable
Error (BAE), and Concentration Error Increment (CEI) are to be set.
LLBAE is usually. set at the lower end of the medians in the test
samples. An 20% error at LLBAE is considered reasonable for total
phenol and thus this is used as BAE. For samples whose medians are at
or below LLBAE, the results are evaluated according to the fd]lowing

formulae:

Absolute difference between
sample and median results < BAE : acceptable

Absolute difference between
BAE ¢ < 1.5 x BAE: HorlL

sample and median results
Abso]ute difference between > 1.5 x BAE:  VH or VL
sample and median results

For samples whose medians are above the LLBAE, the allowable BAE is
augmented by adding an increment to the BAE. This increment is
calculated by multiplying the CEI by the difference between the sample
median and LLBAE values. In this study, the CEI is set at 0.10. Sample
results are again evaluated by the above three formulae except that the
augmented BAE is used instead of BAE.

For further discussion on this evaluation technique, please refer
to the ofiginal paper by Clark.

Bias: A set of results is said to be biased when the set exhibits a
tendency to be either higher or lower than some standard - the.
standard which has been used in the analysis of our studies thus
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Appen. 1.3

far has been the performance of all other participating labora-
tories. The ranking procedure employed in testing for bias is
described in W.J. Youden's paper, "Ranking Laboratories by
Round-Robin Tests" from,Prggision'MeaSurement'and_Ca]jbration s
H.H. Ku, Editor, NBS Speciaf Publication 300 - Volume 1, U.S.
Government Printing Office, Washington, D.C., 1969. In this
paper, Youden establishes the rationale for evaluating
laboratories' performance by ranking results. In our :.use of the
procedure there is about one chance in twenty of deeming>a set
of results biased when in fact it is not, that is, t = 0.05.

A "W" code is used with a reported. result when no measurement
was possible due to no response of the instrument to the
sample. The "W" is preceded by the smallest determinative
division that can be used in the units used in reporting.

The wt" code is used with values between the Criterion of
Detection and the “W" value. The Criterion of Dqtection is
commonly thought of by many as the limit of detection.

H high
VH:  very high
L: low

VL: very low
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DATA SUMMARY

QM12 TOTAL PHENOL IN WATER

PRINTOUT PREPAREDS 87701719,
PARAMETERS TOTAL PHENOL

l SAMPLE RESULTS

1201 1202 1203
LAg
u0L9 10 53 5
uos? 11: 50¢ 23°
uo7? 14, 57 70,
ugrg 15, 61, 62,
094 12:2 . 87,
Ui4A i2. 56, 8,
uisB 18, 58, 49,
TOTAL LABS REPORTING 8 ' 8 8
OTAL LARS USED 8 8 8
MEAN 13, 02500 56,00000 56,87500
TD DEV 2.55329 3.38062 6, 77047
MEDIAN 12,10000 56,50000 56, 00000
iDESIGN VALUE 12 57.6 57.6

PAGE

UG /L
1204
10,
12
%“:‘
15
12,2
12,
i3.
8 .
8
13,21250
3.71346
12, 00000
12 |



APPENDIX III

YOUDEN'S TWO SAMPLE PLOTS

Laboratories

D Design value

M Interlaboratory median.

Range of the design value
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sample 1204

PAIRED SAMPLE PLOT- 1201 & 1204

Total Phenol (ug/L)

20

19 4

somple 1201



sampile 1203

PAIRED SAMPLE PLOT- 1202 &1203

Total Phenol (ug/L)

70 =
ug77

68

66 -

 sample 1202




