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MANAGEMENT PERSPECTIVE

The Upper Great Lakes Connecting Channels (UGLCC) have been
designated as "Areas of Concern® by the International Joint Commission.
A Canada-U.S. binational study, involving the identification and
assessment of the environmental impacts of toxic substances, in those
areas, Wwas initiated in 1984. In order to assist analytical
laboratories, who are contributing data for the UGLCC study, to generate
reliable and accurate data during the study, a Quality Management Work
Group was formed and thirteen interlaboratory performance evaluation
studies were implemented. This report describes the results from the
fourth interlaboratory performance evaluation study, QM-4, whicht
consisted of the analysis of 23 major ions and nutrients in surface
water. Results were received from ten out of 13 participating

~ laboratories (seven Canadian, three U.S.). Overall, most of the data

received from the participants were satisfactory and comparable, except
for some parameters. All participating laboratories have been provided
with the appropriate feed-back. '

Dr. J. Lawrence
Director, Research and Applications Branch
National Water Research Institute



PERSPECTIVE - GESTION

La Commission mixte internationale a d&signé les voies
d'eau reliant les Grands Lacs d'amont "Secteurs de pré&occupation”.
En 1984, le Canada et les Etats-Unis ont entrepris une &tude
conjointe sur la détermination et l'évaluation des effets des
substances toxiques sur l'environnement de ces régions. Afin
d'aider les laboratoires qui participent & cette &tude & fournir
des données fiables et précises, on a cr&é un Groupe de travail
sur la gestion de la qualité et procé&dé & 13 &tudes interlaboratoires.
Le présent rapport décrit les résultats de la quatri&me &valuation
comparative de la performance des laboratoires, QM-4, qui portait
sur l'analyse des 23 principaux ions et &l&ments nutritifs dans les
eaux de surface. 10 laboratoires participants sur 13 ont fait
parvenir leurs résultats (sept laboratoires canadiens et trois
américains). En général, presque toutes les données revues &taient

valables et comparables, sauf dans certains cas. On a envoyé &

‘tous les laboratoires participants les commentaires appropriés.



ABSTRACT

The Upper Great Lakes Connecting Channels (UGLCC) study
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, 13 interlaboratory performance evaluation studies were designed

and conducted by the Quality Management Work Group.

This report describes the results from the fourth interlabora-
tory performance evaluation study, QM-4, which consisted of the analysis
of 23 major ions and nutrients in surface water. Results were received
from ten out of 13 participating laboratories (seven Canadian, three
u.S.). Ten of the parameters were evaluated for bias by Youden's
ranking technique and results which deviated significantly from the
median were flagged. The rest of the parameters were evaluated for
outliers by the Grubbs and Dixon tests. The interiaboratory
comparability of major ion data was satisfactory for most of the
parameters. Included in this report is a summary of each 1aborétory's
performance. |
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RESUME

L'assurance et le contrSle de la qualité (AQ/CQ)
sont des €léments essentiels & 1'utilité .générale des résultats
de 1'&tude sur les voies d'eau reliant les Grands Lacs d'amont.
Dans le cadre du programme AQ/CQ, le groupe de travail sur la
gestion de la qualité a congu et réalisé treize évaluations
comparatives de la performance des laboratoires participant &

1'&tude.

Le présent rapport décrit les résultats de la quatriéme
évaluation de performance; QM-4, soit l'analyse des 23 principaux
ions et &léments nutritifs dans les eaux de surface. 10 laboratoires
participants sur 13 ont fait parvenir leurs résultats (sept
laboratoires canadiens et trois américains). Certains paramétreés
ont fait 1l'objet d'une &valuation des biais possibles dans les
données gr&ée a la technique de Youden et on n'a pas tenu compte
des résultats qui s'écartaient de fagon significative de la
médianeé. De plus, tous les résultats ont &té calcuiés en pourcentage
de récupération par rapport aux valeurs théoriques. Dans certains
cas, les données sur les principaux ions &taient comparables d'un.
laboratoire & l'autre. En général, la comptabilité& entre les valeurs
théoriques et les médianes des laboratoires &tait bonne, sauf
exception. On a annexé au présent répport un résumé de la performance

de chaque laboratoire.



- INTRODUCTION

The Upper Great Lakes Connecting Channels (UGLCC) have been
designated as "Areas of Concern” by the International Joint Commission
(1Jc). To identify and deal with the environmental problems, a three
year, binational study was initiated 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 UGLCC Study 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, 13 interlaboratory performance
"evaluation (QC) studies were designed and conducted by the Quality
Management Work Group. The goal of these QC studies is 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 fourth interlaboratory study, QM-4, was intitiated on
January 31, 1986, It invoived the analysis of 23 major ions and
nutrients in surface water. The original deadline for reporting results
was set for April 30, 1986. However, several laboratories were late in
reporting, so the study was not closed until August 8, 1986.

STUDY PROFILE

From the returned questionnaires, the following 13 labora-
tories affirmed that they would participate in this study: U001, U010,
U014, U049, U057, U075, U077, UOBY, U091, UOL3, UO63, UL78, UOY0. By
the time the study closed, the last three laboratories had not sent back
any results. See the 1ist of participants at the end of this report.



-2 -

' : Each laboratory was provided with four naturally occurring
surface water samples as described in Table 1. A1l samples were
reference waters developed by the Quality Assurance and Methods Section
(QAMS) of the National Water Research Institute (NWRI). The design
values of .some of the parameters~and the interlaboratory medians are
given in Table 2. The design values are based on in-house and external
analyses. The same water samples are used twice yearly in the Federal
Provincial Interlaboratory Program. The design values of most of the
parameters in these samples were confirmed by the interlaboratory
medians of these studies (1). Some of the parameters do not have
confirmed design values.

Participants were asked to analyze samples 401-404 for 23
major ions and nutrients (colour, conductivity, turbidity, boron(B),
dissolved organic carbon (DOC), dissolved inorganic carbon (DIC), total
Kjeldahl nitrogen (TKN), nitrite + nitrate N (NO, + NO3), ammonia N
(NH3), total nitrogen (TN), fluoride (F), alkalinity - CaCOj3, acidity -

' CaC0O3, pH, hardness, sodium (Na), magnesium (Mg), silica = S§i0, (Si),
total phosphorus (P), sulphate (SO,), chloride (1), potassium (K) and
calcium (Ca)). In order to provide some indication of the precision of
such analyses, these samples were sent out in blind duplicate pairs, as
shown in Table 1.

RESULTS AND DISCUSSION
Analytical Methodology

A1l samples could be analyzed directiy without dilution, using.
appropriate methods and standards.

’ For colour, four out of six laboratories used the visual
comparison method with cobalt-platinum standards, while Tlaboratories
uo89 and U091 analyzed apparent colour spectrophotometrically.

Al1 1laboratories analyzed conductivity with a conddﬁtivity
meter, except laboratory U057 which used the conductivity cell in their
Dionex lon Chromatograph.
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Turbidity was analyzed by all seven 1aboratdries, by the
nephelometric method.,

Boron was analyzed by three laboratories, laboratories U010
and U057 used an inductively coupled plasma atomic emission spectrometer

| (1CP-AES) and laboratory U077 used a direct current plasma atomic -

emission spectrometer (DCP-AES).

Dissolved organic carbon (DOC) was analyzed by four

laboratories and laboratory U014 analyzed total organic carbon (TOC).
A11 laboratories used a total carbon analyzer. The procedure included
catalytic combustion of the sampie folowed by detection by a
non-dispersive infrared analyzer.
_ Dissolved 1inorganic carbon (DIC) was analyzed by four
laboratories. Laboratories U075 and U077 determined DIC by difference
(total dissolved carbon (TDC) - DOC). U001 and U049 analyzed for DIC
directly using the inorganic channel of the carbon analyzer with a
non-dispersive infrared detector.

Total Kjeldahl nitrogen (TKN) was analyzed by eight labora-
tories. Two different methods were used, either digestion, distillation
and titration by laboratories U001 and U049, or digestion and colori-
metry by the rest of the laboratories. |

For (NO3 + NO,)N laboratory U057 used ion chrométography (1C)
while the remaining laboratories used colorimetry azodye (five out of
the seven used Cadmium reduction and the other two used hydrazine
reduction).

A1l eight laboratories used colorimetry (automated phenate)
for ammonia nitrogen (NH3). Only U057 reported results for total
nitrogen, which were calculated by summing TKN, (NO3 and NO,)N results.

Three methods were used for fluoride. Four laboratories used
a potentiometric method (speéific ion electrode), two laboratories used
jon chromatography and one 1laboratory used a colorimetric ~method
(complexone).

For alkalinity, five laboratories used fixed end point titra-
tion and one laboratory used dual end point/inflection point titration.
Only laboratory U014 used a colorimetric end point (methyl orange).
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Only laboratories U001 and U077 analyzed the samples for
acidity (CaCO3) and both used electrometric titration.

Ai1 seven laboratories which reported pH results used a pH
meter.

~ There were two different methods used to analyze hardness.
Two laboratories calculated hardness from their calcium and magnesium
data and the other three laboratories used an EDTA titrimetric method.
0f seven laboratories analyzing for sodium (Na), one used
automated flame photometry, two used D.C.P.-A.E.S., four used Atomic
Absorption Spectrophotometry (A.A.S.)-flame.

Eight laboratories analyzed for magnesium (Mg). One used
I.C.P.-A.E.S., two used D.C.P.-A.E.S. and five used A.A.S.-flame. All
six laboratories analyzing for silica (Si0p) used colorimetry
(heteoropoly blue).

Total phosphorus was analyzed by six laboratories, all of
which used some form of acid digestion followed by various colorimetric
methods.

Sulphate was analyzed by eight laboratories of which three
used colorimetry {(methylthymol -blue), four used ion chromatography, and
one used turbidimetry (barium sulfate). |

Chloride was analyzed by five laboratories colorimetrically
(ferric thiocyanate), and three laboratories used ion chromatography.

Seven laboratories analyzed for potassium, one used flame
photometry, four used A.A.S.-flame and two used D.C.P.-A.E.S.

Calcium was analyzed by eight' laboratories. Five used
A.A.S.-flame, two used D.C.P.-A.E.S. and one used I.C.P.-A.E.S.

. Data Evaluation

A1 raw data submitted by the participants are listed by para-
meter in the data summary (Appendix II). Individual laboratory results
for only ten parameters (conductivity, (NO, + NO3)N, pH, hardness, Na,
Mg, SO,, Cl, K and Ca) were evaluated by the Youden ranking technique
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(2) for f.h‘e detection of bias, as well as a computerized flagging pro- -
cedure (3). A laboratory's results are judged biased high or low, when
jts total rank is outside of a statistically allowable range. Results
are flagged very low, low, high or very high, when they deviate signifi-
cantly from the interlaboratory médian. For a further explanation of
the ranking and flagging procedure, see Appendix I. This statistical
procedure, which semi-quéntitative]y evaluates data accuracy is widely
used in other interlaboratory QC studies. A summary of the ranking and
flagging of the data is given in Appendix II. The accuracy of results
has been summarized in Table 5. In this table, the number of results
reported, the sum of results flagged VH, H, L and VL, the percentages of
results flagged and a statement of biased results are presented for each
laboratory.

For the rest of the parameters, since the number of reporting
laboratories was small, and some of the data reported were unuseable,
(1ess than values or w codes), neither the Youden ranking technique nor
the computerized flagging procedure were used to evaluate the data.
This data was evaluated for outliers, by the Grubbs (4) and Dixon (5)
tests. Less than values and "W" coded values were not inciuded in these
tests. Five percent significance level was used, In order to be an
outlier, both of these tests had to be positive. '

General Comments

Laboratories U010, U014, U089 and U091 reported their data by
the originally set deadiine (April 30, 1986). All laboratories, except
U013, submitted their results by the second closing date (August 8,
1986). Since laboratory U013 submitted their results extremely late
(October 17, 1986), well after the final data summary had been sent out,
their resu]té were not included in this report, but can be found in
Appendix IV and in the lab specific comments section. '

Computer printouts of the raw data were sent to all reporting
laboratories for verification in July 1986. All laboratories returned
their results verified, except laboratory UOOl, whose results were
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verified by telephone. The only changes made were from laboratory
U089, for fluoride results, which they changed from <1.0 mg/L to
<0.01 mg/L. ‘ |

A final data summary was sent to - the participating
laboratories, the Quality Managément Work Group, the Work Group
Chairmen, and the MC and AIC Chairmen on September 15, 1986.

The overall interlaboratory performance of major jon and
nutrient analysis was satisfactory for some parameters and samples. The
interlaboratory relative standard deviation was less than 30% for colour
(401, 402), conductivity, DOC (401), DIC (401, 402) TKN (401),
(NO3 + NO2)N ( 401, 402, 404), alkalinity, pH, hardness, Na (403, 404),
Mg, SO4, Cl, K and Ca. The rest of the parameters and samples had an
interlaboratory relative standard devﬁation greater than 30%. In most
cases, the difference between the interlaboratory mean and median was
less than 15%. There was a greater than 15% difference between the mean
and median for turbidity, DOC (402), TKN (403, 404), NH3 (404), Si (401,
402) and P (401, 402). For the pafameters with design values, the
agreement between the design values and the interlaboratory medians was
within 15%.

In most cases the precision of within laboratory analysis wds
within a relative standard deviation (RSD) of 15%. All 1laboratories
reported detection 1limits for most parameters. Table 4 contains the
reported detection limits.

General Comments by Parameter

Only laboratory U057 reported data for total nitrogen. Two
laboratories (U001 and U077) reported data for acidity, and for the rest
of the parameters the number of reporting laboratories varied from three
to eight. Léboratory uo1o reported results for boron only. Laboratory
U014 analyzed for total organic carbon (TOC) instead of dissolved
organic carbon (DOC). - Laboratory U089 did not have enough sampie to
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analyze DOC and acidity and laboratory U091 did not have enough of
sample 401 to analyze turbidity. .

The following ten parameters were analyzed by the Youden
ranking technique and the computerized’ ~ flagging procedures:
conductivity, (NO, + NO3)N, pH, hardness, Na, Mg, SO,, C1, K and Ca.

For conductivity, laboratory UOO1 was biased high, laboratory
U057 had two very low flags and was biased low and laboratory U075 had
two low flags.: Thirteen percent of the results submitted for
cohductivity were flagged.

No laboratories had biased results for (NO, + NO3)N.
Laboratory U001 had one very high flag, laboratory U057 had two very
high flags and laboratories U049 and U075 had two very low flags.
Overall, 22% of the results submitted for (NO, + NO3)N were flagged.

For pH, no laboratories had biased results. Laboratories U001
and U014 had one low flag each. Overall, only 7% of the results
submitted were flagged. '

For hardness, laboratory U001 had one high flag, laboratory
U014 had one very high flag and was biased high, and laboratory. U089 had
a very low flag. Overall 15% of the results reported were flagged.

Twenty-five percent of the results reported for Na were
flagged. Laboratory U014 had one high flag, laboratory U049 had two low
flags, laboratory U089 had two very low flags and laboratory U077 had
~two very high flags and results were biased high.

For Mg, 22% of the results reported were flagged., Laboratory
U049 had two high flags and results were biased high. Laboratory U075
had one low and very low flag and results were biased low, laboratory
U077 had two very high flags and laboratory U089 had one low flag.

For SO,, both laboratories U014 and U049 had one low flag
each, laboratory U075 had two high flags, and laboratory U077 had a very
low and a low flag. Overall 19% of the results reported were flagged.

Twenty-two percent of the results reported for C1 were
flagged. Laboratories U014 and U089 had two low flags each. Laboratory
U075 had two very high flags and laboratory U077 had one high flag.
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For K, 25% of the results reported were flagged. Laboratory
" U014 had three low flags, laboratory U075 had two very low flags, and
laboratories U089 and U049 had one high flag each. Results for U049
were also biased high. S

| For Ca, 13% of the results reported were flagged. Laboratory
U075 had three very low flags, one low flag and results were biased low.

The following parameters: colour (401, 402), turbidity, DOC,
DIC (401, 402), TKN, NH3 (408), F(401,‘402), alkalinity, Si(401, 402)
and total P (401, 402, 403) were all tested for outliers by the Grubbs
and Dixon tests. Most of the data were comparable except for the
following outliers which were confirmed by both of these tests: DIC
(401 and 402) for laboratory U075, TKN (403 and 404) for laboratory U014
and total P (401 and 402) for laboratory U077. ,

For the following parameters: colour (403, 404), B, DIC (403,
404), NH3 (401 - 403), total N, F (403, 404), acidity, Si (403, 404) and
total P (404), there was no basis for comparison as there was less than
three sets of useable results for each parameter. Some of these
parameters were at low levels which were close to the laboratories
detection limits and difficult to analyze.

Lab Specific Comments (see Appendix III for each laboratory's appraisal)

uool

This laboratory's results were overall satisfactory for the
ten parameters analyzed by the flagging and Youden's ranking procedure,
as only only five percent of the results were flagged. Na, Mg, SO,, Ci,
K and Ca were all satisfactory with no flags or biases. Hardness and pH
were both satisfactory, except for one H flag and one L flag
respectively. Although no results wre flagged for conductivity, ranking
indicated the results were biased high. (NO, + NO3)N was flagged VH on
one sample.
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No results were reported for B, Total N, alkalinity (403, 404)
and acidity (401, 402). Less than values were reported for colour, NHj,
DIC (403, 404), F (403, 404) and Si (403, 404). 7

There was no basis for comparison for colour, DIC (403, 404),
NH3, F (403, 404), acidity (403, 404), Si (403, 404), and total P (404).
Turbidity, DOC, DIC (401, 402), TKN, F (401,402), alkalinity (401, 402);
Si (401, 402) and total P (401-403) were all comparable with the data
set,

The precision between duplicate results was in most cases
within a RSD of 15%, except for turbidity, DOC (401, 402), TKN (403,
404), (NO, + NO3)N (403, 404), and total P.

uolo

This laboratory agreed to participate in QM-4 for B and Ca
only, but results were submitted only for B, The results submitted were
less than values.

uola

For 'the ten parameters evaluated by the flagging and Youden
procedures, conductivity, (NO2 + NO3)N, Mg and Ca results were all
satisfactory. S0, and pH were satisfactory except for one low flag each
and Na was satisfactory except for one high flag. Hardness was flagged
very high on one sample‘and ranking indicated the results were biased
high. Cl1 was flagged low on two sampies and K was flagged low on three
samples. Thirteen percent of the reported results were flagged.

Colour, B, DIC, total N and acidity were not analyzed. Less
than values were reported for NH3 (402-404), alkalinity (403, 404), Si
(403, 404), F, and total P (401,404). Total organic carbon (TQC) was
reported instead of DOC.

There was no basis for comparison for alkalinity (403, 404),
NH3, F, Si (403, 404) and total P (401, 404). The following parameters
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were comparable with the data set:.  turbidity, TKN (401, 402),
alkalinity (401, 402), Si (401, 402) and total P (402, 403). According
to the Grubbs and Dixon tests, TKN results for samples 403 and 404 were
outliers in this data set.

Precision between duplicate samples was in most cases within a
RSD of 15%, except for TKN (401, 402), total P, C1 (401, 402), K (401,
402) and NH; (401, 402).

LE]

For the ten parameters evaluated by the flagging and Youden
procedures, conductivity, pH, hardness, Cl and Ca were all satisfactory
with no flags or biases. SO, was satisfactory with one low flag.
Results for (NO, + NO3)N (403, 404) were unuseabie ("<" values) and.were
flagged very low. Na had two low flags. Ranking indicated that both Mg
and K results were biased high, Mg had two high flags and K had one high
flag. Thirteen percent of the results submitted for these ten
parameters were flagged.

No results were submitted for turbidity, B, total N, alkalini-
ty, acidity, Si and total P. Less than values were reborted for colour,
DOC (403, 404), DIC (403, 404) and (NO, + NO3)N (403, 404) and NH3
(401).

There was no basis for comparison for colour, DOC (403, 404),
DIC (403, 404), NH3 (401, 402, 403) and F (403, 404). The following
parameters were comparable with the data set: DOC (401, 402), DIC (401,
402), TKN, NH3 (404) and F (401, 402). |

The precision was within a RSD of 15%, except for DOC (401,
402), TKN and NHj.

uos7

Six of the ten parameters evaluated by the flagging and
ranking procedures were reported. Seventeen percent of these results
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were flagged. Mg, SO4, Ci, and Ca were all satisfactory. Conductivity
had two very low flags and ranking indicated the results were biased
low. (NO, +NO3)N had two very high flags. ‘ '

No results were reported for pH, hardheSs,'Na, K, total P,
DOC, DIC and acidity. The latter three are not routinely analyzed by
this laboratory. "W" codes were reported for colour, turbidity, B (403,
404), NHz (401 - 403) and Si (403, 404). ”

There was no basis for comparison for colour, turbidity, B,
NH3 (401 - 403), total N, F (403, 404) and Si (403, 404). The following
parameters were comparable with the data set NH3 (404), F (401, 402),
TKN, alkalnity and Si (401, 402).

Precision between duplicate samples was within a RSD of 13%.

uo75

Of the ten parameters evaluated by the flagging and Youden
procedures, this. laboratory had the highest percent flagged with 34%.
Only pH, hardness and Na were satisfactory. Conductivity was flagged
Tow on two samples; (NO, + NO3)N was flagged very low on two samples and
results for samples 403 and 404 were unuseable (less than values). Mg
was flagged low on one sample, very low on one sample and ranking
indicated results were biased low. S0, was flagged high on two samples,
Cl was flagged very high on two samples and K was flagged very low on
two samples. Ca was flagged very low on three samples, low on one
sample and ranking indicated results were biased low.

No results were reported for colour, B, total N, F, acidity
and Si. Less than values were reported for TKN, (NO + NO3)N (403,
404), NH3 and total P.

There was no basis for comparison for DIC (403, 404), TKN,
NH3, and total P. The following parameters were comparable with the
data set, turbidity, DOC.and'alka1in1ty. According to the Grubbs and
Dixon tests, DIC results for sample 401 and 402 were outliers in this
data set.
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Precision was within a RSD of 15%, except for DOC and DIC
(403, 404). '

uo77

For the ten parameters analyzed by the flagging and Youden

-procedures, 17% of the results were flagged. Conductivity,

(NO2 + NO3)N, pH, K, Ca were all satisfactory, and Cl was satisfactory,
except for one high flag. Na had two very high flags and ranking
indicated the results were biased high. Mg was flagged very high on two
samples, S0, was flagged very low on one sample and low on one sample.
No results were reported for hardness, total N and total P
(sample 403 had been spilled). Less than values were reported for B,
TKN, NH3, F, alkalinity (403, 404), acidity and Si (403, 404).
There was no basis for comparison for colour (403, 404), B,
DIC (403, 404), NH3, F, aTka]inity (403, 404), acidity, Si (403, 404)
and total P (404). The following parameters were comparable with the
data set: colour (401, 402), turbidity, DOC, DIC (401, 402), alkalinity
(401, 402), and Si (401, 402). According to the Grubbs and Dixon tests,
total P data for samples 401 and 402 were outliers in this data set.
Precision between duplicate samples was within a RSD of 10%,
except for turbidity (403, 404).

uos9

For the ten parameters evaluated by the flagging and Youden's
ranking procedure, conductivity, (NO, + NO3)N, pH, SO, and Ca were all
satisfactory. Mg and K were satisfactory except for one low and high
flag respectively. Hardness had one very low flag, Na had two very low
flags and Cl had two low flags. Thirteen percent of the results
submitted for these ten parameters were flagged and no parameteés were

biased.
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DOC and acidity were not analyzed as the laboratory ran out of
sample., DIC, B and total N were not routinely analyzed by this
laboratory. Less than values were reported for colour (403, 404) and
F. W codes were reported for NH3, Si (403, 404), TKN (403) and total P
(408). (See appendix 1 for an explanation of these codes).

There was no basis for comparison for colour (403, 404), TKN
(403), NH3, F, Si (403, 404) and total P (404). The following
parameters were comparable with the data set: colour (401, 402),
turbidity, TKN (401, 402, 404), alkalinity, Si (401, 402) and total P
(401 - 403).

The precision between duplicate samples was within a RSD of
15% except for turbidity, TKN (403, 404), and total P (401, 402).

uo9l

For the nine parameters evaTuated by the flagging and Youden's
procedures. all were satisfactory with no flags or biases.

Hardness, B, DOC, DIC, total N and acidity were not analyzed.
There was insufficient sample to analyze turbidity (401). Less than
values were reported for colour (403, 404), F, Si (403, 404), and total
P (402, 403, 404).

There was no basis for comparison for colour (403, 404), NHj
(401-403), F, Si (403, 404) and total P (402-404). The following
parameters were comparable with the data set, colour (401, 402),
turbidity (402 - 404), TKN, NH3; (404), alkalinity, Si (401, 402) and
total P (401).

The precision between duplicate samples was within a RSD of
103, except for turbidity (403, 404) and total P (401, 402).
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uol3 e'seemAppendix/Iv

This laboratory submitted results well after the closing
deadline (October 17, 1986). Results were  submitted for only six
parameters. Less than values were reported for NH3, Si (401, 402) and
total P (402).

There was no basis for comparison for NH3, Si and total P
(402)., The following parameters were comparable with the data set
hardness, Cl (403, 404), and (NO, + NO3)N. According to the Grubbs and
Dixon tests, data for samples 401, 403, 404 for total P and samples 401
and 402 for Cl1 were outliers. |

The precision between duplicate samples was within a RSD of 5%
except for (NO, + NO3)N (401, 402) and total P (401, 402). The data for
this laboratory can be found in Appendix IV along with corrections to
data submitted in December 1986.

COMMENTS

Overall, for the ten parameters evaluated by the Youden and
flagging procedures (conductivity, (NO, + NO3)N, pH, hardness, Na, Mg,
S04, Cl, K and Ca, most of the data was satisfactory. There was no
basis for comparison for B, total N, acidity, colour (403, 404), DIC
(403, 404), NH3 (301 - 403), F (403, 404), Si (403, 404) and total P
(404). Most of the results for turbidity, DOC, TKN, alkalinity, color
(401, 402), DIC (401, 402), NHz (404), F (401, 402), Si (401, 402) and
total P (401 - 403) were comparable with some outliers by the Grubbs and
Dixon tests.
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Ontario Ministry of Environment, Inorganic Trace Contaminants, Waters
Unit, Rexdale, Ontario

Ontario Ministry of Environment, Thunder Bay, Ontario
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TABLE 1

Samples Distributed for Analysis in QM-4

Sample <i”' | Description
401 CM-ION-91 (LAKE SUPERIOR)
402 Same as 401

403 CM-ION-92 (Synthetic)

404 Same as 403




‘lﬂ|) ' TABLE 2

Design Values and Interlaboratory Medians for Major Ions
~ (AT1 values are in mg/L unless stated)

Intertab. Median o Interlab. Median
Parameter Design }— S Design
Value 401 402 Value 403 404
Colour 4.5 4.5 5.0 | 5.0
(Hazen Unit) .
Conductivity 93.9 93.8 94.2 443 443 442
(v Siemens/cm)
Turbidit . 0.17 0.14 0.14 0.13
(JTU/NTU{ _
Boron 0.006 0.00%5 0 -0
DOC 2.05 1.80 0.47 0.40
DIC 9,77 | 9.80 9.90 - ' 0.25 0.29
TKN 0.115 0.095 0.060 0.058
‘ (NO, + NO3) N 0.30 0.30 0.30 0.032 0.035 0.032
0 Ammonia N 0.006 0,015 0.020 0.010
Total N 0.460 | 0.450 | 0.100 | 0.110
Fluoride - 0.040 0.040 0.085 0.085
Alkalinity ' 41.1 42 .4 42.0 2,00 2.00
(CaC03)
Acidity 1 o 0 1.60 1.40
(caCo3)
pH 7.69 7.66 7.66 5.48 5.60 5.50
Hardness 44 .4 42.0 44 .0 148 142 143
Sodium -1,29 1.30 1.30 19.1 19.1 19,2
Magnesium 2.74 2,717 2,75 9.38 9.23 9.23
Silica 2.38 2.40 2.40 0 0
(5102) '
Total P . _ 0,003 0.003 0.001 0.010
Sulphate 3.32 3.20 3.24 37.1 36.8 . 37.4
Chloride ' 1.25 | 1.29 1.29 |} 108 103 106
Potassium 0.488 { 0,500 0.500 0.884 0.900 0.900

' Calcium 12.5 13,2 13.1 42.4 42.1 42,0
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TABLE 5

Summary of Results by Laboratory Based on
the Flagging and Youden Procedures

(for conductivity, NOz + NO3, pH, Hardness, Na, Mg, SOu, Cl2, K, Ca)
(see Appendix III)

Lab  No. of Elements No. of Results %
Code Results not Flagged Flagged* Comments
Reported Anaiyzed VH H L VL

voo1 40 - 1 1 1 0 5% Conductivity -
biased high
uo1o0 0 Ca - - = - - -
uols 40 - 1 1 7 O 13% Hardness - biased
. high
U049 40 - 0 3 3 2 13% Mg & K - biased
(2 "<") _ , high
both
flagged
uos7 24 pH, 2 0 0 2 17% Conductivity -
' Hardness biased low
Na, K
uo75 40 - 2 2 4 8 34% Mg, Ca - Dbiased
(2 "¢") Tow
uo77 36 Hardness 4 1 1 1 17% Na - biased
high
U089 40 - o 1 3 3 13% No bias
U091 36 Hardness 0O 0 O O 0% All satisfactory

* H and L flags. are counted as half of a VH and VL flag. Less than values
that were flagged are included in the calculation of the % flagged.
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APPENDIX I

Glossary of Terms

(1) Raﬁking

Ranking is a non-parametric statistical technique used for the
detection of pronounced systematic error (bias) in interlaboratory
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
1imits for ranking scores are 14 and 52. A laboratory with a score
lower than 14 is identified as biased low. Similarly, a laboratory with
a total rank higher than 52 is biased high. In both cases, their
results are classified as outliers. In cases where a laboratory 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 comparéble, i.e., better, laboratories should have ranks
in the middle rather than at the extreme ends. = However, laboratories
with middlie ranks do not necessarily mean that they provide more
consistent results since very high results (high ranks) and very low
results (low 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

When the true values of constituents in test samples are uhknown,
individual results can be evaluated in terms of their absolute
differences from the inter]aboratory medians. Medians are chosen rather

than means since they are not influenced by a moderate number of extreme
values. By this flagging technique, all results are graded into the



Appen. 1.2

following three groups in the order of decreasing accuracy: (1) resuits
with no flags, (2) resuits 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;- A 5-20% error at LLBAE is considered reasonable and thus this
is used as BAE. For samples whose medians are at or below LLBAE, the
results are evaluated according to the following formulae:

Absolute difference between
sample and median results < BAE ¢ acceptable

Absolute difference between

BAE < 1.5 x BAE: Hor L

JA

sample and median results

Absolute 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 sampie
median and LLBAE values. 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 original 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

far has been the performance of all other participating labora-

tories, The ranking procedure employed in testing for bias fs
described in W.J. Youden's paper, "Ranking Laboratories by
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Appen. 1.3

Round-Robin Tests from Precision Measurement and Calibration,
H.H. Ku, Editor, NBS Special Publication 300 - Volume 1, U.S.
Government Printing Office, washington,r 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, = 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 "T" code is uséed with values between the Criterion of
Detection and the "W" value., The Criterion of Detection is
commonly thought of by many as the 1imit of detection.

NA: not analyzed

NRA: not routinely analyzed
N or ND: not detected

NAPP: not applicable

H: high

VH: very high

L: Tow

VL: very low

LTV: less than value (<)
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UGLCC INTERLABORATORY PERFORMANCE EVALUATION STUDY

QM-4 Major Ions in Surface Water

pata _S,umari es




DATA SUMMARY

QMs MAJOR IONS IN SURFACE WATER
i ” PRINTOUT PREPAREDS
PARAMETERS COCLOUR

SAMPLE RESWTS

401
LAB S
vuoe < »b.
00“; < go
ugsz W S.
ugr7 5.
U§39 5.5
ugsei 3.3

TOTAL LABS REPORTING 6

TOTAL LABS USED 3
MEAN 4, 26667
STD DEVY « 87369

MEDIAN %.50000

EAA

402

4%.33333

o76376
&,50000

AA XAA

86/11/ 20.

403
Se
50
)
Se
lsg

6
5.00000
0. 00000
S.00000

AA TAA

"HAZEN UNIT
404
S.
Se
Se
5.
103
6
i
5.00000
0. 00000
5.00000

PAGE 1



LAB

ccececcecee
O0aCOR00
DBNNN £ 0
DN~ S

'DATA SUMMARY

QM&é MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDZ? 86/11/20.
PARAMETERS CONDUCTIVITY

401

0

PNUIE O oMN
)

o 00 0o e
~

D DD B~ OO
W

TOTAL LABS REPORTING 8

TOTAL LABS USED

MEAN

STD OEV
MEDIAN

DESIGN VALUE

8

91. 06250
60 1h bl
93.75000

93.9

SANPLE RESWTS

402
96.
96.1
90,
79.7
‘83000
95,9
92.5
96.
8
8
91.15000
6.48933
94.20000
93.9

403
454, 3
b8,
425¢
ﬁoge
iR
633,

L&47 .
-8
8
£33, 561250
21012€59
44250000
443

MSIEMEN/CH
W04
453,
54L8.
515,
405,
405,
48
437,
L47,
a‘
8
432.25000
20, 52699
L42.00000
443

PAGE 2



LAB
uoo1
UOih
ugs?
it
up8s
uosi

TOTAL LABS

TOTAL LABS

MEAN

STD DEV

MEDIAN

DATA SUMMARY

QML MAJOR IONS IN SURFACE NATER

PRINTOUT PREPARED: 86/11/20.
PARANETERS TURBIDITY

SAMPLE RESWTS

401 402 403
o 11 « 06 «08
o b [ . 03
W 2 L «2 W 02
o 17 olb 016
.3 Ci Qk
+10 «13 o12
.08 »08
REPORTING 7 7 14
USED 5 6 6 .
« 21600 018500 ' +19000
13012 13502 «13130
«17000 «13500 + 14000

JTU/NTU

404

(V)]

RaUIH NS
e &

7

8
019667
a1 7236
<12500

PAGE 3



DATA SUMYARY

QMe HAJOR IONS IN SURFACE WATER

86/11720.

03 -

e 00

00

,ON
u

3

' PRINTOUT PREPAREDS
’ PARANETERS BORON
SAMPLE RESWTS
401 402 '
LAB
uo10 082 02 . <
1 2P | | S
TOTAL LABS REPORTING 3 3
TOTAL LABS USEQ 1 1
MEAN - 00600 .00500
STD DEV 0. 00000 0.00000
MEDIAN 0 00600 00500

AXA

MG /L

b0t

LI

[—1-1-]

»on
wm

3
- 0
0.00000
0.00000
0.00000

PAGE 4



DATA SUMMARY PAGE 5

QWL MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS 86/11r 20,
‘ PARAMETER® DISSOLVED ORGANIC CARBON HeAL
' SAMPLE RESWTS
601 402 403 404
LAB
Va3 3.8 8 '35 235
uo7s 2.3 3. 9 ™
uorz7 1,49 1.60 47 o3
TOTAL LABS REPORTING 'y b 4 4
TOTAL LABS USED & [N 3 3
MEAN 2. 02250 2.,15000 052333 «34333
STD DEV 046119 1.07238 035303 *12503
MEDIAN 2.05000 1.80000 + %7000 + %0000
U014 (T0C) 1.41 1.47 0.19 0.21



DATA SUMMARY

QM6 MAJOR IONS IN SURFACE WATER

PRINTOUT PREPARED: 86/11/20,
PARAMETERS DISSOLVED INORG. CARBON

SAMPLE RESWTS

404 602 403
LAB
001 9,5 . < 5 . <
0845 10,0 13.3 < .35 <
uo7s 12.1 11.2 ol
uoz? 8.59 9.69 o &0
TOTAL LABS REPORTING 4 4 4
TOTAL LABS USED A A 2
MEAN 10,29750 10.17250 «25000
STD DEV 1. 22121 069692 021213
MEDIAN 9.79500 9.90000 «25000
DESIGN VALUE 9.77 : 9.77

HG/L

404

.28500
012021
428500

PAGE ¢



DATA SUMMARY

QML MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS

86711720,

PARAMETER® TOTAL KJELDAHL NITROGEN

SAHPLE RESWTS

401 402
LAB
uoo1 136 59
Uo1k .13 o1
U049 e 16 o1l
uos? . 08 007
ugrs < o1 < ol
uo7? < .2 < e 20
uoes « 09 «08
U091 «10 . 02
TOTAL LABS REPORTING 8 8
TOTAL LABS USED 6 6
MEAN «11600 10150
STD DEV . 03085 « 03152
MEDIAN 11500 «09500

LAA

03

w W

QONFOONG
R0 OO W

8
5
« 09160
11296
« 06000

HG/L

&
(-]
&

SonNRoOonNS
~N®Os
N W

[ 1N

8
6
« 08617
10363
«05750

PAGE 7



LAB

cCccccaceca
DO0O0O00OO0
DO NYNN &0
2 O NUINDO e

DATA SUMMARY

QM4 MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS |
PARAMETERS (NITRATE + NITRITE) N

401

-386
« 31
.38
*%0
.28

30

TOTAL LABS REPORTING

TOTAL LABS USED
ME AN

STO DEV
MEDIAN

DESIGN VALUE

« 29700
o 04908
30000

0.30

867117 20.

SAMPLE RESWTS

402
3
33
.32
.38
<30
.30

8

8
029913
<04980
«30000

0.30

403

FENUW SN
&N

-1 - F-1 ]

8
6
e 03350
« 01050

« 03500

0.032

MG/L

404

ENw SN
~

(-2 - 1T T -1}

8

6
903167,
200776
03150

0.032

PAGE 8



DATA SUMMARY PAGE

QM4 MAJOR IONS IN SURFACE WATER

; PRINTOUT PREPAREDS 86711720, |
’ PARAMETER? AHMMONIA N ~ MG/L
SANPLE RESWTS
401 402 Y 404
LAB ' ‘
ugot < 1 < o0 < 2001 < 01
u31u _ 38 < Bt < o001 < ‘331
U049 < .01 002 e03 204
uos7 W .005 ¥ 0005 W 0005 . 006
U87; < P § < s < o < ol
ul7 < 001 < 001 < 001 < o001
uos9 W .005 W 0005 W 0005 W » 005
vooi . 01 001 001 <01
TOTAL LABS REPORTING 8 8 8 8
TOTAL LABS USED 2 2 2 3
MEAN « 00550 «01500 « 02000 001867
STD DEV « 00636 .00707 e 01410 «01858
MEDIAN . 00550 «01500 » 02000 001000




DATA SUMMARY paGe 10

QW4 MAJOR IONS IN SURFACE WATER

’ | PRINTQUT PREPAREDS 86/11/20,
PARAMETERS TOTAL NITROGEN MG/L

L SAMPLE RESWTS
401 402 403 404

VY- I

ves7 o 46 o 45 «10 o11
TOTAL LABS REPORTING 1 . 1 1 1
TOTAL LABS USED 1 1 1 1
MEAN 46000 45000 10000 +11000
STD DEV 0. 00000 0.00000 0.00000 0.00000

MEDIAN «46000 «45000 «10000 «11000



DATA SUMMARY ' PAGE 11

QM4 MAJOR IONS IN SURFACE WATER

' PRINTOUT PREPAREDS 86/11/20,
PARAMETER? FLUCRIDE Y,

'SAMPLE RESWTS

L01 402 _ 403 - 406
LAB
yoot « 03 03 < o 01 < 01
ugis < .3 < o1 ol < el
Ud49 o 0k o« 0k Y +«01
ugs7 « 065 « 060 2160 «1€0 )
0877 < 91 < ° < ol < .i \
uos9 < «10 < «10 < 10 < «10
Y091 < o1 < ° < o1 < o1
TOTAL LABS REPORTING 7 7 ‘ 7 4
TOTAL LABS USED 3 3 2 2
MEAN « 06500 006333 « 08500 ‘ «08500
STD DEV 201803 201528 e10607 «10607
MEDIAN - 04000 +04000 08500 +085080




P
»
[+ ]

cccocceo
QOO0 COn

OONNVI O
P ONINS

DATA SUMMARY

QML MAJOR - IONS IN SURFACE WATER

PRINTOUT PREPAREDS
PARAHETERS ALKALINITY (CACO3)

401

SrErEFES
o1 £ Gf N
o ¢ 0 0 0

w &

2

TOTAL LABS REPORTING 7

TOTAL LABS USED

MEAN
STO DEV
MEDIAN

DESIGN VALUE

7
4 3. 01429
2. 06594
42.40000

41.1

86711720,

SAMPLE RESWTS

L02
63.7
43
‘l 07
,29.
a3es
>
7
7
41.97143
1.70168
42.00000
41.1

-4A

403 -
5.
2ol
20
1.
1.2
1.8
7
3
1.96667
«15275

2.,00000

-0A

MG/L

404

2.00000
020000
2.,00000

PAGE 12



DATA SUMHARY

QML MAJOR IONS IN SURFACE MWATER

PRINTOUT PREPAREDE 86/11720.
' PARAMETERS ACIDITY (CACO3)
SAMPLE RESWLTS
401 402 403
LAB

TOTAL LABS REPORTING 2 2 2
TOTAL LABS USED 0 0 1
ME AN 0. 00000 0,00000 1.60000
STD DEV 0. 00000 0.00000 0,00000
MEDI AN 0. 00000 0.00000 1.60000

HG/L

1.40000
0.000080
1.460000

Page 13



cceccece
[~ 1=l —T-T~T~7-1
DO O
O~ £

DATA SUMMARY

QML MAJOR IONS IN SURFACE WATER

kanrour'PRspaneos 86711/ 20,
PARANETERS PH |

r
[~
ey

NNSNNN~
* 20 0 0 &6 0
SERB3*3

"TOTAL LABS REPORTING 7

TOTAL LABS USED
ME AN

STO DEV

MEDIAN

DESIGN VALUE

-

7. 69286
«176 80
7,66000

7.69

SAMPLE RESWTS

4Lg2

7.66
7.
o75
7083
L]
T.71
-T.65

~
(¥

-d

7

7
7.62429
«25052
7.66000

7.69

403 .
28
2:8
56
5.60
5’06
5.50
5.7
7
7
552143
011978
5.60000
5'48

PAG: 14

PH UNITS

" b0b

I I
® 6 0 & o 0
SIS NS
[VeT ¥ oo ¥~ JRS Y

7

7
5.51429
207955
5.50000

5.48



DATA SUMHARY

QML HAJOR IONS IN SURFACE HATER

PRINTOUT PREPAREDS 86711720,
PARAHETERS HARDNE SS

SAMPLE RESWTS

401 402 03
' LAB |

uoos L, 3 b2 11,8

U0l 67, 46 ibb,

U043 41,2 43,2 14k,

uazs “i'° 4e.0 182,

U089 41, 40, 142,
TOTAL LASS REPORTING 5 5 5
TOTAL LABS USED ‘ 5 5 5
ME AN 43.10000 43.48000 1&3,16000
STD DEV 2.54362 2.19818 1.82428
MEDIAN 42,00000 44.00000 142.00000
DESIGN VALUE 44.4 - 44.4 148.

MG /L

04

8

e i

S 0.
NOOAIN

® & 5 00

5

5
162,7¢€000
2.18518
142.80000

148

PAGE 15



DATA SUMNARY . PAGE 16

QM4 MAJOR IONS IN SURFACE HATER

PRINTOUT PREPAREDT 86/11/20.
‘ PARANETERS SODIUM NG /L
SAMPLE RESULTS
001 502 603 . 40w
LaB -
voo1 1.3 1.3 19,2 19.3
Ug1s i.G 1.4 1901 i9.2
uoug w0 101 178 609
ugrs 1026 .19 18.3 i8.3
uer? 3. 93 3.03 20, 200
U089 . 7 18:6 18e5
ugoi 103 123 19:2 19:3
TOTAL LABS REPORTING 7 7 7 7
TOTAL LABS USED 7 7 7 7
MEAN 1. 45286 1.431643  18.88574  18.78571
STD DEV . 76977 74095 oT1747 10 00604
MEDIAN | 1. 30000 1.30000  19.10000  19.20000
DESIGN VALUE  1.29 1.29 19.1 19.1



LAB

cccceccee
[—Y—1-1-1-Y-Y-T—-]
D RBNNI O
O NN &

DATA SUMMARY

QHe MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS

PARAME TERS MAGNESIUH

601

NS RN
® 6 00O g *0

NoaFeoo~
o Y '

TOTAL LABS REPORTING 8

TOTAL LABS USED
MEAN

STD DEV

MEDIAN

éjIGN VALUE

8

2. 88625
e 47716
2.77000

2.74

86711720,

SAMPLE RESWTS

402
3.6
3.9
2,83
2.33
Go0
2.6
2.70

8

8

2.82875

«52018

2.75000
2.74

[y
DOOP Y OOO
©% 000 0 o0

NNV WOV
o

o

403 -

8
8
9,33375
48412
9,23000

9.38

He

40k

(S

D OO @O OO0

NOQLESNNINY
N

oy

8

8
9.29500
53001
9.23000

9.38



DATA SUMMARY PAGE 18

QM4 MAJOR IONS IN SURFACE WATER

_ PRINTOUT PREPAREDS 86711720, ‘
' PARAMETERS SILICA (S5102) HG/L
SAMPLE RESWTS ‘
401 402 403 404
LAB
0 4 Y < 0 < «02
Uoia 2.0 §ee < 83 < ‘02
uos7 20 b 2k W o1 W ol
uorzv 2.5 25 < ol < ol
uoseo 1. 16 1.16 L] 82 W .8%
voot 1. 16 i.16 < 001 < °
TOTAL LABS REPORTING 6 6 6 6
TOTAL LABS USED 6 6 s 0
HEAN ' 24 00000 2.00000 0.00000 0.00000
STD DEVY 265958 «65958 0.00000 0,00000
MEDIAN 2.40000 2.40000 0.00000 0, 00000
DESIGN VALUE 2.38 2.38



DATA SUMMARY ~ PAGE 19

QM6 MAJOR IONS IN SURFACE WATER

| PRINTOUT PREPAREDS 86/11/20,
' PARAMETERS TOTAL PHOSPHORUS MG /L

SAMPLE RESWTS
404 402 03 - - 404

LAB |
004 35 8 00 .0Q006
it < 3331 888 +301° « .339
ug7zs < ol < ol oi < od
uoz? - 014 . 015 .019
yoas 002 T L001 T o001 MW . 001
091 003 < <001 < o008 < <001
TOTAL LABS REPORTING 6 ' 6 6 ‘ 6
TOTAL LABS USED b 3 2 2
MEAN . 00563 .00660 . 00095 . 00980
STD DEV « 00562 « 00729 . 00007 01301
MEDIAN « 00325 200280 « 00095 . 00980



DATA SUMMARY

QM& MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS
PARAMETERS SULPHATE

401
LAB
ueos 3.1
U01k 3.2
U049 3.1
ue7s 33
u377 3%
ugé9 3.5
uost 2.95
TOTAL LABS REPORTING 8
TOTAL LABS USED 8
MEAN 3.21125
STD DEV « 16949
"MEDIAN 3.20000
DESIGN VALUE 3.32

86711/ 26,

SAMPLE RESWTS

402

€l Gl Al Cad Gl (NI G
ceovoseseos
ONS W O~NW
wn -3

8

8
3.17750
025617
3.23500

3.32

403 .

LY - 17

NN & W W
TEXERXX]

Vi
n

8
8
36.98125

3.3082%

36.77500
37.1

MG /L

 LO%

G & B W
NO NN =N NN
N N

~\W
[ -]

8

8
37.02500
3.660114
37.40000

37.1

PAGE 20



DATA SUMMARY PAGE 21

QM4 MAJOR IONS IN SURFACE WATER

PRINTOUT PREPAREDS 86/11/20,

‘ PARAMETERS CHLCRIDE MG
SAMPLE RESULTS
401 402 803 . 404

LAB |

uoot 1.27 1,28 103.1 103, 6

Ug1d i.4 1.0 Qe o 3

ugL9 1,23 1,21 9%, 105,

uas? 1.33 1,32 103. 106.

U075 1.3 1.4 163, 161,

uo7? 1.4 1.3 114, 115,

uoes 1.0 1.0 105, 105,

uesi 1.2 1.3 100. 110,
TOTAL LABS REPORTING 8 8 8 8
TOTAL LABS USED 8 8 8 8
MEAN 1. 26625 1.22625 109.51250 112,05000
STD DEV «12961 +14899  22,54110  20.91800
MEDIAN  1.28500 1.23000 103.05000 105.50000
DESIGN VALUE 1.25 1.25 105 105



DATA SUMHARY PAGE 22

aQMy MAJOR IONS IN SURFACE HATER

PRINTOUT PREPAREDS 86711720,
' PARAMETERS POTASSIUM MG/L
SAMPLE RESWLTS
H01 402 403 - 404
LAB -
uoo4 .89 «50 .91 .91
U0id <5 ol o8 .8
UoL9 .56 .57 .99 .97
uo7s . 3k <37 .90 .88
uo77 .5 . .9 .9
uoss <60 .50 .85 .gs
uooi e 51 o51 .94 .93
TOTAL LABS REPORTING 7 7 7 7
TOTAL LABS USED 7 7 : 7 7
NEAN «50000 47857 = ,89857 «89143
STD DEV . 08103 06914 +06094& 08521
MEDIAN +50000 .50000 +90000 .90000
DESIGN VALUE 0.488 0.488 0.884 0.884



DATA SUHMARY

QMe MAJOR IONS IN SURFACE HWATER

401

ceceeccoec
[~ ~]— =111~ T
HONNIND £
Db e b e b
WSO WS W
o o0 68 ¢ s o
O NE W

TOTAL LABS REPORTING 8

TOTAL LABS USED 8
ME AN 12.87500
STD OEv 1.29587
MEOCI AN 13.20000
DESIGN VALUE 12.5

PRINTOUT PREPAREDS
PARAMETERS CALCIUN

86711720,

SAMPLE RESWTS

402

P B h o b b (e e
A NI CAED W N G

NS o $

8

8
12,68750
1.20171
13.10000

12,5

©03 -

'S §
3.8
436
‘030%
35,
L0,
£1.5
2.5

8
bl .22500
274838
b2, 05000
42.4

MG /L
404

42,
38
43 4
44,5
36.3
40,
%2.0
42.2

8

8
$1.50000

2.475680

42.00000
42.4

PAGE 23



Q¥-4
Flagging and Youden's Ranking Procedures
' for
Conductivity, (NO3 + NO2)N, pH, Hardness, Na, Mg,
S04, Cl, K and Ca
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APPENDIX III

UGLCC INTERLABORATORY PERFORMANCE EVALUATION STUDY

'QM-4 Major Ions in Surface Mater

Laboratory Appraisals
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LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: U001

Parameter ‘coﬁméatg
Condootivdty Although no results are flagged, ranking indicates
results are biased high
(NO2 + NO3) N | Flagged VH on sample 403
pH — Satisfactory, except flagged L on sample 403
Hardness Satisfactory, except f]agged-Hdon Sdmple‘40iﬂ
”Sodiom Satisfactory
Maghesium Satisfactory>'q _
Sulphate Satisfactory
Chioride | Satisfactory
Potassium Satisfactory
“Caloium Satisfactory
Turbidity Comparable with data set
DOC Comparable w1th data set
TKN ‘Comparable w1th data set
Alkalinity 401,402-Comparable with data set; 403,404-no results
reported
Coloor ) No basis for comparison (a\l "<" values).
DIC 401,402-comparable with data set; 403,404-no'basis
for comparison (2 "<" values)
-Amoonia‘NA VNo basis for comparison (a\l “<“ va]ues)
Fluoride 401,402- comparable with data set 403,404-no basis
for comparison (2 "<" values)
;ilica 401,402 -comparable with data set; 403,404- -no bas1s
for comparison (2 "<" values)
Total P 401,402,403-comparab1e w1th data set;
'404-no basis for comparison _
Boron No results reported :
Total N No results reportedi -W‘
ACid%ty 403,404-no basis forvoomparison; 401,402-no results
reported |




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4
Your Laboratory Code is: U010 S - ,

Parameter ‘ ‘»Eoﬁﬁéntg |
Conductivity NAPP
T(NOz + NO3) N | NAPP
pH NAPP -
Hardnéss T NAPP
Sodium NAPP
Magnesidmv | NAPPvV‘W
Sulphate NAPP
Chioride NAPP
Potassium | NAPP
'6éléium No results submitted
~ Turbidity NAPP
DOC ' NAPP
TKN NAPP _ ‘
~ Alkalinity NAPP
Colour NAP?
DIC — NAEb_ N
Anmonia N NAPP -
F1uof{de A;vA NA?PY
Silica NAPP
Total P NAPP
wBoroﬁ ] No basis for comparison'(all "<" values)
Total N NAPP
Thcidity . | NAPP

NAPP - not applicable



LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: U014

Parameter Cbm&éﬁis
Conductivity Satisfactory
(NO2 + NO3) N | Satisfactory
pﬁ -i}” Safisfééiory, éxcept flagged L on sample 402
Hardness Flagged VH on sample 401. Ranking indicates results
are biased high
: Sod1um Sat1sfactory, except flagged H on saﬁp]e 4017-
Magnes1um Sat1sfactory - o B o
Sulphate Satisfactory, except f]agged L on sample 402
Ch]oride ] Flagged L onrsémbiés'402 and 404 . T
Potassium Flagged L on samples 402, 403 and 404
Calcim | satisfactory
'Turbidity Comparable with data set
DOC No results répbrted. T0C Q;;»;ebAEted B
TKN ' 401,402-comparable Qith data set; 403,404-outliers
by Grubbs & Dixon
Alkalinity 401,402-comparable with data set; 403,404-no basis
: for comparison (2 "<" values)
Colour No results reported | '
DIC No results reported
Ammonia N No basis for comparison ( 3"<" values) ‘
Fluoride No bas1s for comparISon (a]] "<“ va]ues)
Silica 401, 402 comparab]e with data set; 403,404- no—bas1s
for comparison (2 "<" values)
Total P 401,464-no basis for comparison (2 "<" vé]ueS);
402,403 comparable with data set
Boron No results reported
Total N No results reportéd - -
Acidity No results repoifed—




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory COde is: U049

Parameter

Comments

Conductivity

Satisfactory

(NO, + NO3) N

Results for samples 403 and 404 are unuseable ("<"
values) which were f1agged VL

PH

Sat1sfactory
’ Hardness Satisfactory
Sodium Fioggeo L oh“sehplee 401 and 404
' Magnesium Flagged H on samples 403 and 404, Ranking’indicates
results are biased high '
Sulphate “Satisfactory, except flagged Lvon semple 4647-7 -
Chloride Satisfaotory ) -
~ Potassium Flagged H on sampies 403. Ranking indicates results
are biased high
Calcium Satisfactory
Turb1d1tjr ﬁoAreSoitstreported
- DoC T401,402-comparable with data set; 403,404-no basis
for comparison (2 "<" values).
'ka<“ ' Comparable with data set
A]kalintty No reeults reported
Colour No basis for comparlson (al] "<" values)
DIC 401,402~ comparable with data set; 403,404-no ba51s
for compar1son (2 "<" values)
'ﬁmmopte:NMxﬁtv f401 402 403-no basis for comparison (401 ng value),;
404-comparab1e with data set
Fluoride 401,402- comparab\e with data set; 403 404-no basis
for compar1son ,
Stiioa‘_' No results reported
Total P No results reported
Boron No results reported
Total N No results reportedu
Aoidity” No results reported




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: U057

Parameter

- Comments

Conductivity

Fiagged”VL<6n saﬁpiés 401 and 462. Ranking'

indicates results are biased low

(NOZ + NO3) N

Fiagged VH on samples 401 and 402

pH No results §epohted

Hardness No results reported

Sodium No results reported

Magnesium Satisfactory

Sulphate Satisfactory

Chioride Satisfactory “

Potassium No results reported

Calcium >Satf§faCt6fy N

Turbidity No basis for comparison (all "W values reported)

DOC . No res&]tsurepofted -

TKN Comparable with data set

A{kaifﬁié;m Cbmbéra51e with datakset B

Colour - No basis for comparisonk(all "W" values répoftedji

DIC No results reported

AmﬁoﬁiﬁAN<  ‘ 404-éomp§rabie Qithrdangseﬁ; 461;402,403—no basis
for comparison ("W" values reported)

VFiﬁoridé«" V461;4O2;§§ﬁbééabie wifh dafa set; 403,404-no basis

: for comparison

Silica 401,402-comparable with data set; 403,404-ho“basi§“
comparison ("W" values reported)

Total P No results reported

Bofon No basis for cbmparison (403,404-"W" values)

Total N No>bésfstfdf-coﬁparison

Acidity o resul’

No resu]ts reported




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: UO75
Parameter _ >Commehts.;‘ -
mConduct1v1ty | F]agged L on samples 401 and 402 |
(NO2 + NO3) N | Flagged VL on samp]es 401 and 402, Results for
samples 403 and 404 were unuseable ("<" values)
pH Sat1sfactory»‘7.
FHardoeés 'Satisfactory
Sodium Satisfactory
;Megoeeium“ AF]egged L onrsample 401 and VL on sample 402,
: Ranking indicates results are biased low
_Sulpoete.: | Flagged H on samples 402 and 404
Chioride Flagged VH on samples 403 and-464'V"ﬂy
Potassium Ftagoed VL on samp]es 401 and 402
Calcium Flagged VL on samples 401, 402, 403 and L on sample
404, Ranking indicates resu]ts are biased iow
Turbidity Comparable wito dotatéet -
7bbt”‘ R Comparable w1th data set
TKN No basis for comparlson (a]] “<“7va1ues)
Aika{doit&% ) Comparab]e with data set
Colour ' No results reported
DIC 401,402-outliers by Grubbe & Diron;“;63,404;noypa§%s
for comparison
Ammonioiﬁvm "ﬁb bas1s for compar1son (al] "¢ values)
Fluoride No resu]ts reported - |
LSi1ice No results reported
Total P No basis for comparison (a11 4<ﬁ'v;1ué§) A
Boron No results reported »
Total N No results reported
Acidity No results reported




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: U077

Parameter Comments
Conductivity Satisfactory
(Ndz>4 Nb3) N“':Satisfactory
pH Satisfactory
Hardaesg B No re;ﬁ]féurepoﬁtéd'
Sodium Flagged VH on samples 401 and 402. Ranking
indicates results are biased high
Magnesium Flagged VH on sambles 401 aﬁd 4bé
Sulphate - F]agged VL on sample 403 and L on sample 404
Chioride Satisfactory, except flagged H on samplie 403
«-Potaésium Sétisfactofy'
Calcium Satisfactory
Turbidity | Comparable with data set ‘
DOC Comparable with data set
TRN No basis for comparison (all *<* values)
Alkalinity 401,402-cbmparab1e with data set; 403,404-no basis
for comparison (2 "<" values)
Colour '401,402-c0mparab1e with data set; 403,404-no basis
for comparison
DIC 401,402-comparable with data set; 403,404-no basis
for comparison
Ammonia N No basis for comparison (all “<5‘va1ues)
Fluoride No basis for comparison (all "<" values)
Silica "401,802-comparable with data set; 403,404-no basis
for comparison (2 "<" values)
Total P 401,402-outliers by Grubbs & Dixon; 403-no results
404-no basis for comparison
Boron No basis for comparison (aTi'“?;rva1Qes)
“Total N - No results reported "‘dk.’
Acidity "NB basis for comparison (all “<“>va1bés)




LABORATORY APPRAISAL FOR UGLCC STUDY QM-4

Your Laboratory Code is: U089

Parameter Comments
Conductivity Satisfactory
(NOZ + NO3) N | Satisfactory
pH Satisfactory
Hardness Flagged VL on sample 402
Sodium ‘Flagged VL on samples 401 and 402
Magnesiumv Satisfactory, except flagged L on sample 402
Sulphate satisfactory -
Chloride Flagged L on samples 401 and 402
A-Pbtaésidm Satigfaétory;”éxcépt flagged H on sample 401
Calcium Satisfactory
Turbidiéy Hfom;afable Qitﬁ»Aata set
DOC No results Eéported -
_ fKN | 401,402 ,404-comparable with data set; 403-no basis
for comparison ("W" value)
V-Aikélinfty Combarab\e with data set
Colour - 401,402-comparable with data set; 403,404;h6 Basis
for comparison (2 "<" values)
DIC No results reported |
AbAmmghia“ﬁ No ba§1s for comparison (all "W" values)
Fluoride No basis for comparison (all “<“"vaiués$
Silica 401,402-comparable with data set; 403,404-no basis
for comparison (2 "W" values)
Total P 401,402,403-comparable with data set;'404:nd”56515
for comparison ("W" value)
Boron >ﬁoﬂfésu1£s reported |
Total N “No results reported
Acidity No résuifs féported




LABORATORY APPRAISAL FOR UGLCC STUDY Qﬂ-G

Your Laboratory Code is: U091

Parameter 'Comments

Conductivity | Satisfactory

(NO, + NO3) N | Satisfactory

bﬁHVVV_ - Sﬁtiéfactory

Hardness No results submitted

Sodium satisfactory

Magnesium Satisfactory

V$d1ph;té"‘ Sétf;faétofy

Ch]bride Satisfactory

Potassium Saﬁ{ﬁfacforj“

Calcium Satisfactory

Turbidity 402,403,404-cdmpa;éb1é wfth‘défé-;éég 461:no résdft
reported '

DOC No results Eébﬁ;éedwvrﬁa

TKN Comparable with data set

A]kéi%hit;"'M“> Cbmbéféﬁlé with data set

Coi;uf"'“ﬂ‘“>rr 401,402-comparable with data set; 403,404-no basis
for comparison (2 "<" values)

DIC No results reported

Ammonia N 401,402 ,403-n0 basis for comparison; 404-comparab]e
with data set

Fluoride No basis for comparison (all "<" values)

sitica 401,402-conparable with data set; 403,404-no basis
for comparison (2 "<" values) ,

Total P - 401-comparable with data set; 402,403,404-no basis
for comparison (3 "<" values)

Boron No resu]fs reported

Total N NB resuiﬁs reported

Acidity No resh]fs reborted




LABORATORY APPRAISAL FOR UGLCC STUDY Q-4

Your Laboratory .Code is: U013

Parameter vicdmments
Conductivity H| N;A.
(NO2 + NO3) N ' Coﬁbaréb]érwithfdata set
" pH NA.
Hardness Combarab]é”ﬁ{fhkdaia set
Sodium NA.
Magnesium N.A. .
Su1phaté - N:A.
Chloride 401,402-out11ers by Grubbs & Dixon;
403,404-comparable with data set
Potassium} VN;A; N
Calcium N.A.
Turbidity N.A.
“poc N.A.
TKN N;A.r
Alkalinity | N.A.
Colour . N.A. )
pIC “N.A.
Ammonia N No basis for comﬁarison (a]]."<ﬁ vaTﬁéSj 77
F1uofideﬂ;r ﬁ;g; -
Silica 401,802-"<" values, 403,404-no basis for comparison
Total P 402-no basis for comparison ("<" value);
401,403,404~0utliers by Grubbs & Dixon
Boron N.A. ) | - |
Total N N.A.
Acidity N.A.

NA - not analyzed




APPENDIX IV

LATE DATA SUBMITTED FOR

UGLCC INTERLABORATORY STUDY

s



LATE DATA SUBMITTED BY LABORATORY U013

(Received on October 17, 1986)

Sample (mg/1)

v Detection
401 402 403 404 Limit
nitrite +-ﬁitratémﬁ. B 0;3M 1 on;21 .02 .02 © L0l
ammonia N <.005 <.005 <.005 <.005 .005
hardness 42 43 148 148 2
silica (Si0;) <.02 <.02 2.60 2.59 .02
total phosphorus 3 <1 | 1 1 o5
103 Nd*

chloride 4 4 102

* Nd - not determined (all other parameters were Nd*)

Methodology

(NO2 + NO3)N - colorimetry, Cu-Cd reduction (azo dye)
Ammonia N - colorimetry, phenate

Hardness - colorimetry; EDTA chelate

Silica - colorimetry, molybednum blue

Total P - colorimetry, phosphomolybdate blue

Chloride . - colorimetry; ferric thiocyanate



CHANGES T0 DATA SUBMITTED BY LABORATORY U013

(Received on December 2, 1986)

Sample (mg/1) Criterion

401 w0z 403 404 DetZZtion
mitrite + nitrate N 0.3 0.21 Tz Tz 0.2
ammonia N W W M W 0.1
hardness 42 43 148 - 148 30
silica (Si02) W W 2.60 2.59 0.5
total phosphorus 7.003 W 7.001  T.001  .005
chloride T.4 T.4 102 103 6

(all‘other parameters were Nd* = Not Determined)



