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1. Foreword

This report summarises the results of a proficiency testing program on the
determination of Total Alkalinity as CaCOs; Calcium, Magnesium, Fluoride,
Conductivity, pH and Total Dissolved Solids in seawaters. This is round 4 in a

planned series of programs involving the analysis of chemical and physical

parameters of seawaters. This program is accredited to ISO/IEC 17043:2010

“‘Conformity assessment - Gener al reqguirements f byr prof
International Accreditation New Zealand (IANZ).

The exercise was conducted in April 2018 by Proficiency Testing Australia (PTA). The
main aim of the program was to assess laboratories’ abilities to competently perform
the prescribed analyses.

The Program Coordinator was Mrs D Mihaila and the Technical Adviser was
Dr M Buckley-Smith, Global Proficiency Ltd (New Zealand). This report was
authorised by Mrs K Cividin, PTA Quality Manager.

2. Program Features and Design

2.1 Each laboratory was randomly allocated a unique code number for the program to
ensure confidentiality of results. Reference to each laboratory in this report is by code
number only.

2.2 Laboratories were provided with the "Instructions to Participants" and "Results Sheet"
(see Appendix C). Laboratories were requested to perform the tests according to their
routine methods.

2.3 Participants were provided with two plastic bottles (labelled PTA 1 and PTA 2) for
analysis of Total Alkalinity as CaCOj, Calcium, Magnesium, Fluoride, Conductivity,
pH and Total Dissolved Solids.

2.4 A total of 17 laboratories received samples, comprising:

- 15 Australian participants; and
- 2 overseas participants, including:

- Indonesia (1), Russia (1).
All laboratories submitted results by the due date.

2.5 Results (as reported by participants) with corresponding summary statistics (i.e.
number of results, median, normalised interquartile range, uncertainty of the median,
robust coefficient of variation, minimum, maximum and range) are presented in
Appendix A (for each sample and for each of the analyses performed).

2.6 A robust statistical approach, using z-scores, was utilised to assess laboratories’

testing performance (see Section 3). Robust z-scores and ordered z-score charts
relevant to each test are presented in Appendix A.
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2.7

2.8

3.1

3.2

The document entitled Guide to Proficiency Testing Australia, 2016 (reference [1])
defines the statistical terms and details the statistical procedures referred to in this
report.

A tabulated listing of laboratories (by code number) identified as having outlier results
can be found on page 26.

Prior to sample distribution, a number of randomly selected samples were analysed
for homogeneity and stability. Based on the results of this testing (see Appendix B) it
was considered that the samples utilised for this program were homogeneous and
stable. As such, any results later identified as outliers could not be attributed to any
notable sample variability.

Statistical Format
For each test, where appropriate, the following information is given:

- a table of results and calculated z-scores;
- a list of summary statistics; and

- ordered z-score charts.

Outlier Results and Z-scores

In order to assess laboratories’ testing performance, a robust statistical approach,
using z-scores, was utilised. Z-scores give a measure of how far a result is from the
consensus value (i.e. the median), and gives a "score" to each result relative to the
other results in the group.

A z-score with an absolute value less than or equal to 2.0 is considered to be
satisfactory, whereas, a z-score with an absolute value greater than or equal to 3.0 is
considered to be an outlier and is marked by the symbol “§”. Laboratories are also
encouraged to review results which have an absolute z-score value between 2.0 and
3.0 (i.e. 2.0 < |z-score| < 3.0). These are considered to be questionable results.

Each determination was examined for outliers with all methods pooled. The table on
page 26 summarises the outlier results detected.

Results Tables and Summary Statistics

The tables in Appendix A contain the results returned by each laboratory, including
the code number for the method used and the robust z-score calculated for each
result.

Results have been entered exactly as reported by participants. That is, laboratories
which did not report results to the precision (i.e. number of decimal places) requested
on the Results Sheet have not been rounded to the requested precision before being
included in the statistical analysis.

SD9.17.11



3.3

A list of summary statistics appears at the bottom of each of the results tables and
consists of:

- No. of Results: the total number of results for that test/sample;
- Median: the middle value of the results;
- Normalised IQR: the normalised interquartile range of the results;

- Uncertainty of the Median: a robust estimate of the standard deviation of the
Median;

- Robust CV: the robust coefficient of variation expressed as a percentage, i.e. 100 x
Normalised IQR / Median;

- Minimum: the lowest laboratory result;
- Maximum: the highest laboratory result; and
- Range: the difference between the Maximum and Minimum.

The median is a measure of the centre of the data.

The normalised IQR is a measure of the spread of the results. It is calculated by
multiplying the interquartile range (IQR) by a correction factor, which converts the
IQR to an estimate of the standard deviation. The IQR is the difference between the
upper and lower quartiles (i.e. the values above and below which a quarter of the
results lie, respectively).

For normally distributed data, the uncertainty of the median is approximated by:
— £é1 GO0Y
q Vg
¢ = number of results.
Please see reference [1] for further details on these robust summary statistics.

Ordered Z-score Charts

The charts in Appendix A indicate each laboratory's robust z-score, in order of
magnitude, marked with its laboratory code number. From these charts, each
laboratory can readily compare its performance relative to the other laboratories.

These charts contain solid lines at +3.0 and -3.0, so that outliers are clearly
identifiable as those laboratories whose "bar" extends beyond these "cut-off" lines.
The y-axis of these charts has been limited, so very large z-scores appear to extend
beyond the chart boundary.

SD9.17.11



4.1

PTA and Technical Adviser’'s Comments
Metrological Traceability and Measurement Uncertainty of Assigned Values

Consensus values (median) derived from participants’ results are used in this
program. These values are not metrologically traceable to an external reference.

Sample preparation was undertaken according to Global Proficiency Ltd’s Standard
Operating Procedures to ensure samples were fit-for-purpose, homogeneous and
stable (Appendix B). The samples used in this study were fortified natural estuarine
and ocean beach seawater samples, that had been pasteurized.

Samples were stable and homogeneous, and medians obtained from this proficiency
round [2] were in consistent agreement with the expected levels from previous
testing, as shown in Table 1.

As the assigned value for each analyte in this program is the median of the results
submitted by the participants, the uncertainty of the median for each analyte has
been calculated and is presented in the Table 1 below.

Table 1. Comparison of expected levels and proficiency medians. The values of the calculated
uncertainty of the median are also presented.

Expected . Uncertainty
Analyte Sample Levels Median of the Median

Total Alkalinity PTA 1 119 118.80 1.60
as CaCOs;
(mg/L) PTA 2 99 98.65 0.78
Calcium PTA 1 419 409.55 4.18
(mg/L) PTA 2 3425 330.35 3.67
Magnesium PTA 1 1300 1271.0 13.3
(mg/L) PTA 2 1030 1023.0 14.2
Fluoride PTA 1 0.910 0.9950 0.0821
(mgiL) PTA 2 0.842 0.8755 0.0599
Conductivity PTA 1 523 52.310 0.222
(mS/em) PTA 2 44.0 42.890 0.373

PTA 1 8.085 8.070 0.025
pH

PTA 2 7.965 7.980 0.016
Total PTA 1 38.7 36.000 0.494
Dissolved
Solids (g/L) PTA 2 30.4 28.900 0.632
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The overall performance of participants in this round was good, with robust CVs less
than 6% for all analytes, except Fluoride (CVpra1: 20.8%, CVpra2: 17.3%).
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4.2  Analysis of Round 4 Results
4.2.1 Total Alkalinity as CaCOs;
Table 2 presents the Total Alkalinity as CaCO3; medians and robust CVs obtained in
this round. These were comparable to published precision information (APHA 2320 B

Titration), which indicated that CVs of 4-10% could be expected.

Table 2. Current round variability and proficiency medians of Total Alkalinity as CaCO; testing.

Median 0 -
Round Sample (mg/L) Robust CV (%) | Participants
_ PTA 1 118.80 3.7 12
This study
PTA 2 98.65 2.2 12

Bias / Accuracy

The Total Alkalinity as CaCOj; testing satisfactory results (Jz-score| < 2.0) ranged
between 113.9 — 126.7 mg/L for sample PTA 1 and 96.5 — 100 mg/L for sample
PTA 2.

Out of twelve participants, one questionable result (2.0 < |z-score| < 3.0) was reported
for sample PTA 1 (laboratory 482) and two questionable results were reported for
sample PTA 2 (laboratories 106 and 150).

One outlier result (|z-score| = 3.0) was obtained for sample PTA 2, requiring follow-up
action by laboratory 482. No outlier results were obtained for sample PTA 1.

As sample PTA 2 was obtained from an estuary which flowed past a city with a busy
port; it is likely that it contained potential interferences such as soaps, oily matter,
suspended solids or precipitates, which may have coated the glass electrode and
caused a sluggish response. Laboratories are recommended to clean their electrodes
occasionally, and to allow additional time between titrant additions, to ensure the
electrode has time to equilibrate, and minimise the likelihood of over-shooting the
titration endpoint (APHA 2320 B.1.c). It is also recommended that laboratories should
use a sufficiently large volume of titrant (20 mL or more from a 50mL buret) to obtain
relatively good volumetric precision while keeping sample volume sufficiently small to
permit sharp end points (APHA 2310 B.1.e).

APHA section 2020 B Quality Control (QC) Practices recommends, in addition to
basic calibration/standardisation of titration reagents, that laboratories verify
calibration by periodically analysing a calibration standard and calibration blank
during a run, typically, after each batch of ten samples and at the end of the run. The
calibration verification standards concentration should be varied over the calibration
range to determine detector response. The check standard results must not exceed
+10% of its true value, and a calibration blank results must not be greater than one-
half of the reporting level (APHA 2020 B.2.b). Additional advice regarding reagents
shelf life, storage and standardisation can be found in section APHA 2020 B.2, as
well as the recommended use of Method Blanks (MB), Laboratory Fortified Blanks
(LFB), and duplicates (LFMD) every <20 samples (Table APHA 2020:11).
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The Total Alkalinity as CaCO; data sets formed approximately normal distributions
(Figures 1 and 2). All participants used the method APHA 2320 B (Titration), with ten
laboratories using the pH Electrode Endpoint and two laboratories using the Indicator

Endpoint.
Total Alkalinity - Sample PTA 1
8
[ APHA 2320 B.
Indicator Endpoint
7
Il APHA 2320 B. pH
Electrode Endpoint
6

Frequency
S

104 108 112 116 120 124 128 132 136 140
Results (mg/L)

Figure 1. Spread of results for Total Alkalinity as CaCO; testing of sample PTA 1, with a
median of 118.80 mg/L.

Total Alkalinity - Sample PTA 2

6 [ APHA 2320 B.
Indicator Endpoint

5 Il APHA 2320 B. pH
Electrode Endpoint

Frequency
w

93 942 954 96.6 97.8 99 100.2 101.4 102.6 103.8 105 106.2 107.4 108.6
Results (mg/L)

0

Figure 2. Spread of results for Total Alkalinity as CaCOs; testing of sample PTA 2, with a
median of 98.65 mg/L.
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The majority of laboratories had a good understanding of their Measurement
Uncertainty (MU), as can be seen in Figures 3 and 4. The majority of laboratories
submitted MUs between 8.5%-14%, which was in good agreement with the published
precision data mentioned previously.
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Figure 3. Spread of results for Total Alkalinity testing of sample PTA 1, with measurement
uncertainty error bars for each laboratory result, and [- - -] indicating 3x NIQR, and [- - -] as the
uncertainty of the median.
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Figure 4. Spread of results for Total Alkalinity testing of sample PTA 2, with measurement
uncertainty error bars for each laboratory result, and [- - -] indicating 3x NIQR, and [- - -] as the
uncertainty of the median.
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If laboratory 482 finds that they underestimate their MU in successive proficiency
rounds, they may have relied too heavily on their in-house repeatability to estimate
their MU. Laboratories concerned about their MU may wish to use a passive empirical
approach, which includes their proficiency results and reference material testing in
their statistical MU calculations (APHA 1030 B 8.g. and Eurachem 2012 [3]).

4.2.2 Calcium (Ca)

Table 3 presents the Calcium medians and robust CVs obtained in this round.
Published precision data for APHA 3120 B (Inductively Coupled Plasma Atomic
Emission Spectroscopy-ICP), indicated laboratories should be able to achieve CVs of
11.3% (Total Digestion) for Calcium at the concentrations used in this study.
Laboratories managed to achieve CVs far better than this, in the present study.

Table 3. Current round variability and proficiency medians of Calcium testing.

Median 0 -
Round Sample (mg/L) Robust CV (%) | Participants
_ PTA 1 409.55 2.8 12
This study
PTA 2 330.35 3.1 12

Bias / Accuracy

The Calcium testing satisfactory results (|z-score| < 2.0) ranged between 389 — 420
mg/L for sample PTA 1 and 311 — 339 mg/L for sample PTA 2.

Out of twelve participants, one questionable result (2.0 < |z-score| < 3.0) was reported
for sample PTA 1 (laboratory 677) and one questionable result was reported for
sample PTA 2 (laboratory 150).

One outlier result (|z-score| = 3.0) was obtained for each sample, requiring follow-up
action by laboratories 150 (sample PTA 1) and 186 (sample PTA 2).

The majority of laboratories coped well with the physical and chemical interferences
caused by analysing seawater samples, where dissolved solids are >1500mg/L.
Differences in the samples viscosity and surface tension in comparison to non-saline
samples, can cause significant error when samples are analysed using calibration
standards containing <5% acid. APHA recommends testing for matrix interference
(3120 B.4.g), and compensating for chemical and physical interferences using matrix-
matched standard additions (3120 B.5.d). High dissolved solids content can also
contribute to instrumental drift by causing salt build-up at the tip of the nebulizer gas
orifice. Using pre-humidified argon for sample nebulization lessens this problem, and
using a mass flow controller to better control the argon flow rate to the nebulizer,
improves instrument performance.

The Calcium data sets formed approximately normal distributions (Figures 5 and 6).

The method most frequently used for Calcium testing in this round was APHA 3120 B
ICP, which was used by nine out of 12 participants.
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Calcium - Sample PTA 1

6 [ APHA 3120 B.
[l APHA 3125 B.
[l US EPA 200.7
I Other

Frequency
w

365 375 385 395 405 415 425 435 445 455 465
Results (mg/L)

Figure 5. Spread of results for Calcium testing of sample PTA 1, with a median of

409.55 mg/L.
Calcium - Sample PTA 2
5
[ APHA 3120 B.
W APHA 3125 B.
W US EPA 200.7
4
I Other
- 3
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c
()
3
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1
0 ‘ ‘ ‘ ‘ :
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Results (mg/L)

Figure 6. Spread of results for Calcium testing of sample PTA 2, with a median of
330.35 mg/L.
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11

The majority of laboratories had a good understanding of their MU, as can be seen in
Figure 7. The majority of laboratories submitted MUs between 4%-15%, which was
tighter than the published precision data mentioned previously.

If laboratory 150 finds that they significantly overestimate their MU on successive
proficiency rounds, they may wish to re-evaluate their MU calculation.

Sample PTA 2
500

450

400 J
w0 | [ e — SR SR

|
w | TS - S s W ——

250

Calcium {mg/L)

200

150

100

50

© =} 0 ~ n n ~ n o ) o

o Ta} (=4} o0 a ™~ — (a2} o [32] ()

= — — ~ ~ 0 < < < n ©
Laboratory Code

Figure 7. Spread of results for Calcium testing of sample PTA 2, with measurement
uncertainty error bars for each laboratory result, and [- - -] indicating 3x NIQR, and [- - -] as the
uncertainty of the median.
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12

4.2.3 Magnesium (Mg)

Table 4 presents the Magnesium medians and robust CVs obtained in this round.
Laboratories performed very well in comparison to published precision data for APHA
3120 B (ICP), which indicated laboratories should be able to achieve CVs of 6.0%
(Total Digestion) for Magnesium at the concentrations used in this study.

Table 4. Current round variability and proficiency medians of Magnesium testing.

Median 0 _
Round Sample (ma/l) Robust CV (%) | Participants
_ PTA 1 1271.0 2.9 12
This study
PTA 2 1023.0 3.8 12

Bias / Accuracy

The Magnesium testing satisfactory results (|z-score| < 2.0) ranged between 1250 —
1334 mg/L for sample PTA 1 and 953 — 1080 mg/L for sample PTA 2.

Out of twelve participants, two questionable results (2.0 < |z-score| < 3.0) were
reported for sample PTA 1 (laboratories 660 and 677). One outlier result (|z-score| 2
3.0) was obtained, also for sample PTA 1, requiring follow-up action by laboratory
295. No questionable or outlier results were obtained for sample PTA 2.

As mentioned previously for ICP methods in the Calcium section, the Quality Control
procedures recommended in APHA are a good place to start troubleshooting for
laboratories concerned about their z-scores.

The Magnesium data sets formed approximately normal distributions (Figures 8 and

9). The method most frequently used for Magnesium testing in this round was APHA
3120 B ICP, which was used by nine out of twelve participants.

SD9.17.11



Magnesium - Sample PTA 1

6 [ APHA 3120 B.
[l APHA 3125 B.
[l US EPA 200.7
I Other

Frequency
w

0 i
1000 1050 1100 1150 1200 1250 1300 1350 1400 1450
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Figure 8. Spread of results for Magnesium testing of sample PTA 1, with a median of

1271.0 mg/L.
Magnesium - Sample PTA 2
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Figure 9. Spread of results for Magnesium testing of sample PTA 2, with a median of
1023.0 mg/L.
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The majority of laboratories had a good understanding of their MU, as can be seen in
Figure 10. The majority of laboratories submitted MUs between 4%-15%, which was
in good alignment with the published precision data mentioned previously.

If laboratory 660 finds that they underestimate their MU on successive proficiency
rounds, they may wish to re-evaluate their MU, incorporating their proficiency results
and reference material testing, to avoid relying too heavily on their in-house
repeatability [3].

Sample PTA 1
1800

1600

1400 I_----l----_{ __________________________________________
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400
200
0
[(s] o [€e) ~ ["a) T3] ™~ wn o o0 o ~
o wn o0 o0 (2] ~ — o (=] [32] [¥el ~
— — — o~ o~ (2] < < < [Ts] [t w

Laboratory Code

Figure 10. Spread of results for Magnesium testing of sample PTA 1, with measurement
uncertainty error bars for each laboratory result, and [- - -] indicating 3x NIQR, and [- - -] as the
uncertainty of the median.
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4.2.4 Fluoride (F)

Table 5 presents the Fluoride medians and robust CVs obtained in this round. These
were much more variable than the published precision information for the lon
Selective Electrode Method (APHA 4500-F C) which indicated laboratories should be
able to achieve CVs of between 2.9%-4.8%, however, these published CVs were
achieved using synthetic samples that didn’t contain a lot of interferences; unlike the
seawater samples used in the present study. CVs obtained in this study were
comparable to previous seawater proficiency rounds (CVwssisos.1: 21.3%, CVwssigos.2:
29.8%, CVwss1706.1: 32.7% CVwssi70s-2: 23.1%) with fluoride levels ranging between
0.82-1.2 mg/L [2, 4].

Table 5. Current round variability and proficiency medians of Fluoride testing.

Median 0 -
Round Sample (mglL) Robust CV (%) | Participants
_ PTA 1 0.9950 20.8 10
This study
PTA 2 0.8755 17.3 10

Bias / Accuracy

The Fluoride testing satisfactory results (Jz-score| < 2.0) ranged between 0.777 —
1.315 mg/L for sample PTA 1 and 0.763 — 1.105 mg/L for sample PTA 2.

Out of ten numerical results reported for each of the samples PTA 1 and PTA 2, no
guestionable (2.0 < |z-score| < 3.0) and no outlier (|z-score| = 3.0) results were
obtained. Additionally, laboratory 435 reported Fluoride results of “<5mg/L” for both
samples PTA 1 and PTA 2. These results were deemed to be satisfactory.

Accurate measurement of Fluoride can be difficult in seawater samples due to
interferences with a number of complexing cations (e.g. Aluminium and Iron) and
Chloride. The concentration of Aluminium and Iron in the samples were low enough to
have preferentially complexed with the CDTA in the buffer solution (Al < 3 mg/L, Fe <
200 mg/L); however, the Chloride levels in sample PTA 1 (18,900 mg/L) and PTA 2
(15,900 mg/L) were approaching levels of concern in APHA 4500-F C (20,000 mg/L)
which can cause a 10% error in the selective electrode method.

For laboratories concerned about the variability of their Fluoride results, APHA 4500-
F* C lon Selective Electrode Method recommends measuring using a magnetic stirrer,
with a layer of insulating material between the stirrer and beaker to minimize solution
heating. Laboratories should avoid stirring before immersing electrodes because
entrapped air around the crystal can produce erroneous readings or needle
fluctuations. Electrodes need to remain in the solution for 3 minutes (or until reading
is constant) before taking a final millivolt reading. After withdrawing the electrodes,
rinse with distilled water and blot dry between readings, taking care to do so gently, to
avoid damaging the electrode (APHA 4500-F C.4.d). Section APHA 4020 B will give
additional suggestions to improve QC, including the use of Method Blanks (MB),
Laboratory Fortified Blanks (LFB), Laboratory Fortified Matrices (LFM) and duplicates
(LFMD).

The Fluoride data sets formed approximately normal distributions (Figures 11 and
12). The method most frequently used for Fluoride testing in this round was APHA

SD9.17.11
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4500-F C (lon Selective method), which was used by seven out of eleven
participants.

Fluoride - Sample PTA 1

[ APHA 4500 - F C.
Il APHA 4110 B.
M Other

Frequency

0.18 0.38 0.58 0.78 0.98 1.18 1.38 1.58 1.78 1.98
Results (mg/L)

Figure 11. Spread of results for Fluoride testing of sample PTA 1, with a median of

0.9950 mg/L.
Fluoride - Sample PTA 2
6
[ APHA 4500 - F C.
[l APHA 4110 B.
5 Il Other
4

Frequency
w

0 - T T T )
0.325 0.475 0.625 0.775 0.925 1.075 1.225 1.375 1.525 1.675

Results (mg/L)

Figure 12. Spread of results for Fluoride testing of sample PTA 2, with a median of
0.8755 mg/L.
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The majority of laboratories had a good understanding of their MU, as can be seen in
Figure 13. The majority of laboratories submitted MUs between 10%-20%, which bore
little resemblance to the published precision data mentioned previously, and indicated
laboratories were compensating for inherent matrix interferences when testing
seawater samples.

If laboratory 295 finds that they underestimate their MU on successive proficiency
rounds, they may wish to re-evaluate their MU, incorporating their proficiency results
and reference material testing, to avoid relying too heavily on their in-house
repeatability [3].

1.8

1.6

1.4

1.2

Fluoride {mg/L)

0.4

0.2

Sample PTA 1

———
[RE -
[
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o Iy -] ) a = o0 ™ r~ —
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Laboratory Code

Figure 13. Spread of results for Fluoride testing of sample PTA 1, with measurement
uncertainty error bars for each laboratory result, and [- - -] indicating 3x NIQR, and [- - -] as the
uncertainty of the median.
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4.2.5 Conductivity

Table 6 compares the Conductivity medians and robust CVs from this round to those
obtained in a previous PTA round. Laboratories performed better than the precision
standard deviations published in US EPA 120.1 [5], which indicated variability of 8%
could be expected, however, APHA 2510 B indicated reproducibility of 1-2% could be
expected if all their QC recommendations were carried out [6].

Table 6. Comparison of current round variability and proficiency medians of Conductivity
testing with the results of a previous round.

Median 0 -
Round Sample (mS/cm) Robust CV (%) | Participants
_ PTA 1 52.310 1.3 14
This study
PTA 2 42.890 2.6 14
PTA 1 51.900 4.1 9
Report 1032
PTA 2 46.400 3.9 9

Bias / Accuracy

The Conductivity testing satisfactory results (|z-score| < 2.0) ranged between 51.6 —
53.10 mS/cm for sample PTA 1 and 41.40 — 43.70 mS/cm for sample PTA 2.

Out of fourteen participants, one questionable result (2.0 < |z-score| < 3.0) was
reported for sample PTA 1 (laboratory 375) and one questionable result was reported
for sample PTA 2 (laboratory 150).

Three outlier results (|z-score| = 3.0) were obtained for sample PTA 1, requiring
follow-up action by laboratories 150, 677 and 717. For sample PTA 2, two outlier
results were obtained, requiring follow-up action by laboratories 677 and 717.

Laboratories concerned with their Conductivity testing are recommended to look at
the QC practices identified in APHA 2020 and 2510 for precision of duplicates, testing
of blanks and quality control (KCI) samples, and calibration using standards; at least
daily or with each batch of 20 samples tested. APHA also recommend rinsing the
device with one or more portions of the sample before measuring an additional
portion [6].

The Conductivity data sets formed approximately normal distributions (Figures 14 and
15). The method most frequently used for Conductivity testing in this round was
APHA 2510 B (Conductivity Meter), which was used by ten out of 14 participants.

The majority of laboratories had a good understanding of their MU. The majority of

laboratories submitted MUs between 2%-10%, which was in good alignment with the
published precision data mentioned previously.
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Conductivity - Sample PTA 1
7
[ APHA 2510 B.
6 [l ASTM D1125 Method A
M In-house
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Results (mS/cm)

Figure 14. Spread of results for Conductivity testing of sample PTA 1, with a median of
52.310 mS/cm.

Conductivity - Sample PTA 2
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Figure 15. Spread of results for Conductivity testing of sample PTA 2, with a median of
42.890 mS/cm.
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4.2.6 pH

Table 7 compares the pH medians and robust CVs from this round to those obtained
in a previous PTA round. CVs obtained in this round were less variable than those
seen in previous rounds, and published APHA precision information, which indicated
that laboratories should be able to achieve a standard deviation of £0.13 pH units on
a well buffered solution [6].

Table 7. Comparison of current round variability and proficiency medians of pH testing with the
results of a previous round.

. Robust CV (%) .
Round Sample Median () [NIOR pH units] Participants
_ PTA 1 8.070 1.0% [0.082 pH] 17
This study
PTA 2 7.980 0.7% [0.052 pH] 17
PTA 1 8.260 1.4% [0.113 pH] 12
Report 1032
PTA 2 8.285 1.4% [0.113 pH] 12

Bias / Accuracy

The pH testing satisfactory results (|z-score| < 2.0) ranged between 7.98 — 8.20 for
sample PTA 1 and 7.89 — 8.02 for sample PTA 2.

Out of seventeen participants, one questionable result (2.0 < |z-score| < 3.0) was
reported for sample PTA 1 (laboratory 287) and two questionable results were
reported for sample PTA 2 (laboratories 186 and 287).

One outlier result (|z-score| = 3.0) was obtained for each of the samples PTA 1 and
PTA 2, requiring follow-up action by laboratory 150.

Laboratories who obtained questionable or outlier results may need to look at
cleaning or replacing their electrode. Glass electrodes generally fail because of
scratches, deterioration, or accumulation of debris on the glass surface. Laboratories
may also need to check the expiry of their calibration buffers. APHA recommends
measurement of a magnetically stirred sample, and to equilibrate electrodes after
calibration by immersing in successive portions of the sample (hold in stirring sample
for 1 minute); then take a fresh portion of the sample to measure the pH [6].

The pH data sets formed approximately normal distributions (Figures 16 and 17). The
method most frequently used for pH testing in this round was APHA 4500-H" B
(Electrometric), which was used by 12 out of 17 participants.

The majority of laboratories had a good understanding of their MU, where the majority
of laboratories submitted MUs between 0.1-0.32 pH units. This was in good alignment
with the APHA published precision data mentioned previously. Laboratories with
much larger MUs (laboratories 295, 464, 660), may have determined their MU using
potable water samples which are poorly buffered and therefore more difficult to
measure than seawater.
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Frequency

pH - Sample PTA 1

[ APHA 4500 — H$B
[l ASTM D1293

M In-house pH Meter

763 771 779 787 795 803 811 819 827 835 843
Results

Figure

16. Spread of results for pH testing of sample PTA 1, with a median of 8.070.

Frequency

pH - Sample PTA 2

[ APHA 4500 - H$B
[l ASTM D1293

M In-house pH Meter

7.64 7.7 776 782 7.88 7.94 8 806 812 818 824
Results

Figure 17. Spread of results for pH testing of sample PTA 2, with a median of 7.980.
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4.2.7 Total Dissolved Solids (TDS)

Table 8 presents the TDS medians and robust CVs obtained in this round. Precision
of results in this study were comparable to those seen in previous rounds (4.2%-
6.4%) [2, 4], and those published in APHA 2540 C (RSD = 7.2%) for single laboratory
repeatability [6].

Table 8. Current round variability and proficiency medians of TDS testing.

Round Sample Median (g/L) | Robust CV (%) | Participants
_ PTA 1 36.000 3.6 11
This study
PTA 2 28.900 5.8 11

Bias / Accuracy

The TDS testing satisfactory results (|z-score| < 2.0) ranged between 34.17 — 38.35
g/L for sample PTA 1 and 26.50 — 30.30 g/L for sample PTA 2.

Out of eleven participants, two questionable results (2.0 < |z-score| < 3.0) were
reported for sample PTA 1 (laboratories 106 and 150) and three questionable results
were reported for sample PTA 2 (laboratories 106, 150 and 482).

No outlier results (|z-score| = 3.0) were obtained for both samples PTA 1 and PTA 2.

For laboratories concerned with their dissolved solids testing, it is important to
recognize that the drying time required in the TDS method is sensitive to the
composition of the TDS sample. Saline samples, and samples with a high mineral
concentration can retain/absorb moisture and will require an extended drying time,
and must be weighed quickly to ensure that moisture from the air does not affect the
result (i.e., storing in a desiccator until the sample reaches room temperature prior to
weighing). Adding successive aliquots of the sample until a final yield of between 2.5
— 200mg of dried residue is achieved, and repeating the cycle of drying, cooling,
desiccating and weighing until a constant weight is obtained or until the weight
change is less than 4% of the previous weight, will help to improve the accuracy and
precision of TDS results [6].

The TDS data sets formed approximately normal distributions (Figures 18 and 19). All
participants in this round used the method APHA 2540 C (Total Dissolved Solids
Dried at 180°C).

The majority of laboratories had a good understanding of their MU, where the majority
of laboratories submitted MUs between 4%-11%, which was in good alignment with
the precision data mentioned previously.

If laboratory 482 finds that they underestimate their MU on successive proficiency
rounds, they may wish to re-evaluate their MU, incorporating their proficiency results
and reference material testing, to avoid relying too heavily on their in-house
repeatability [3].
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Total Dissolved Solids - Sample PTA 1

[0 APHA 2540 C.

Frequency

29 30.5 32 335 35 36.5 38 39.5 41 425
Results (g/L)

Figure 18. Spread of results for Total Dissolved Solids testing of sample PTA 1, with a median
of 36.000 g/L.

Total Dissolved Solids - Sample PTA 2

[ APHA 2540 C.

Frequency
N

0 - y y T T )
212 224 236 248 26 272 284 296 308 32 332 344 356 36.8

Results (g/L)

Figure 19. Spread of results for Total Dissolved Solids testing of sample PTA 2, with a median
of 28.900 g/L.

SD9.17.11



4.3

Measurement Uncertainty (MU)
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The large majority of participants
measurement uncertainty (MU) associated with their results. Table 9 below presents
the number and percentage of laboratories reporting the MU for each analyte.

in this round (90%-100%)

reported the

Table 9. The number and percentage of laboratories reporting MU for analytes in round 2.

Total Participants
Analyte Sample articipants reporting MU
P P (percentage)
Total Alkalinity as PTA1 12 12 (100%)
CaCo; (mg/L) PTA 2 12 12 (100%)
PTA 1 12 11 (92%)
Calcium (mg/L)
PTA 2 12 11 (92%)
PTA 1 12 11 (92%)
Magnesium (mg/L)
PTA 2 12 11 (92%)
PTA 1 10 9 (90%)
Fluoride (mg/L)
PTA 2 10 9 (90%)
Conductivity PTA 1 14 13 (93%)
(mS/em) PTA 2 14 13 (93%)
PTA 1 17 16 (94%)
pH
PTA 2 17 16 (94%)
Total Dissolved PTA1 11 10 (91%)
Solids (g/L) PTA 2 11 10 (91%)

Some laboratories may have notably underestimated their MU, as they indicated that
their MU was less than two times the uncertainty of the median (see Table 1), yet
their results were further from the median than this value.

Conversely, laboratories which indicated a MU which was greater than three times
the normalised IQR may have overestimated their MU.! If either of these situations
continue to occur over successive proficiency rounds, laboratories are recommended
to re-visit their MU calculations.

1 MU evaluation is based on minimum / maximum uncertainty criteria (Uyin and Umax)
described in ISO 13528:2015 [7]. It should be noted, however, that these are
informative indicators only and cannot be solely used to validate or invalidate the MUs

reported.

SD9.17.11



25

4.4 Analysis of Results by Method Groups

In order for methods to be grouped for analysis, PTA requires at least 11 sets of
results from the same method group. For analyses other than pH presented below,
there were less than 11 results submitted for each method, therefore reliable
conclusions cannot be drawn from analysing them separately on this occasion.

The method APHA 4500 — H* B (Electrometric Method - method code 39) was most
frequently employed for pH analysis, with 12 out of 17 laboratories indicating the use

of this method.

Table 10 below presents the median, uncertainty of the median and robust CV for pH
results obtained by method 39. The results were similar to the overall data set, which
produced CVs of 1.0% and 0.7% for samples PTA 1 and PTA 2, respectively.

Table 10. Variability and proficiency medians of pH results obtained by method 39.

Method . Median + Robust CV
Sample code Participants Uncertainty of the Median (%)
PTA 1 39 12 8.065 + 0.032 1.1
PTA 2 39 12 7.985 + 0.021 0.7
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(1]

(2]
3]

[4]
(5]

[6]

[7]
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5. Outlier Results
Laboratories reporting results that have been identified as outliers are listed in Table
11 below.
Table 11. Laboratory results identified as outliers for each analysis performed.
Analysis
2] >
© e = -
— >0 S S ® N 5]
T =0 S = =~ o = —= Ly~
Lab | 5£Q | &8 82 5C 5 I |E5234
FTO <~ £ = © = = 2 Q=
Code X O g o = 20~
< = 3 -
— AN — (qV i N i N i N i N i (qV
|l | || | | | | | Q| Q| Q| Q<<
FlElF|lF|lEF|lEF|lEF|IEF|EFEF|EFEF|lEF|lEF]|EF]|E
o |loao|loao|jloa|la|la|loa|loa|la|loa|loa|lo ||
150 8 § 8 §
186 8§
295 8§
482 §
677 § §
717 § 8
1. A“8”indicates the occurrence of a z-score outlier result (i.e. those results for which
|z-score| = 3.0).
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APPENDIX A

Results and Data Analysis
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Total Alkalinity as CaCO;
Results

Samples PTA 1 and PTA 2
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Total Alkalinity as CaCOs

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 1235 + 24.7 1.07 2
150 1240 + 17.11 1.18 2
186 119 13 0.05 2
287 126.7 + 15 1.79 2
295 1165 + 10.5 -0.52 2
417 118.8 + 2.8 0.00 1
435 118.8 + 5.9 0.00 2
464 116.7 + 11.7 -0.48 2
482 130.0 = 5.0 2.54 2
538 1139 + 9.7 -1.11 2
660 118 12 -0.18 1
677 118 12 -0.18 2

No of Results: 12

Median: 118.80
Normalised IQR: 441
Uncertainty of the Median: 1.60
Robust CV: 3.7%
Minimum: 113.9
Maximum: 130.0
Range: 16.1

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Total Alkalinity as CaCO; - Sample PTA 1
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Total Alkalinity as CaCOs

Results by Laboratory Code

Sample PTA 2
Laboratory Code Result =+ mMu’ Robust Method
mg/L z-score® Code®
106 103.6 % 20.7 2.28 2
150 105.0 = 14.55 2.93 2
186 100 = 11 0.62 2
287 99.7 13 0.48 2
295 96.5 + 8.7 -0.99 2
417 97.6 = 1 -0.48 1
435 98.3 + 4.9 -0.16 2
464 98.2 = 9.8 -0.21 2
482 106.3 = 5.0 353 § 2
538 979 + 8.3 -0.35 2
660 98 + 10 -0.30 1
677 99 + 10 0.16 2
No of Results: 12
Median: 98.65
Normalised IQR: 2.17
Uncertainty of the Median: 0.78
Robust CV: 2.2%
Minimum: 96.5
Maximum: 106.3
Range: 9.8

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Total Alkalinity as CaCO; - Sample PTA 2
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Calcium (Ca) Results

Samples PTA 1 and PTA 2
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Calcium (Ca)

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 407.1 = 61.0 -0.21 9
150 450.0 = 96.6 350 § 9
186 389 £ 58 -1.78 9
287 404.1 = 38 -0.47 9
295 3914 = 25.0 -1.57 16
375 400.9 # -0.75 23
417 4140 + 2.3 0.38 9
435 420 £ 16.8 0.90 9
482 4126 = 10.0 0.26 10
538 4145 = 37.9 0.43 9
660 412 + 10 0.21 9
677 385 + 40 -2.12 9

No of Results: 12

Median: 409.55
Normalised IQR: 11.56

Uncertainty of the Median: 4.18
Robust CV: 2.8%
Minimum: 385

Maximum: 450.0
Range: 65.0

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Calcium (Ca) - Sample PTA 1 - Robust Z-Scores
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Calcium (Ca)

Results by Laboratory Code

Sample PTA 2

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 3256 = 48.8 -0.47 9
150 354.0 = 76.0 2.33 9
186 280 + 42 -4.96 8§ 9
287 329.6 = 35 -0.07 9
295 3232 = 20.7 -0.70 16
375 323.1 # -0.71 23
417 331.1 + 0.4 0.07 9
435 339 £ 13.6 0.85 9
482 336.6 = 10.0 0.62 10
538 337.7 = 30.9 0.72 9
660 333 £ 10 0.26 9
677 311 + 32 -1.91 9

No of Results: 12

Median: 330.35
Normalised IQR: 10.16

Uncertainty of the Median: 3.67
Robust CV: 3.1%
Minimum: 280

Maximum: 354.0
Range: 74.0

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Calcium (Ca)- Sample PTA 2 - Robust Z-Scores

Calcium (Ca) - Sample PTA 2
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Magnesium (Mg) Results

Samples PTA 1 and PTA 2
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Magnesium (Mg)

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 1310 = 131 1.06 9
150 1250 = 285.9 -0.57 9
186 1260 =+ 189 -0.30 9
287 1282 104 0.30 9
295 1113 183 -4.31 8§ 16
375 1257 # -0.38 23
417 1296 + 1 0.68 9
435 1334 53 1.72 9
482 1292 50 0.57 10
538 1250 = 101 -0.57 9
660 1350 = 30 2.15 9
677 1190 = 120 -2.21 9

No of Results: 12

Median: 1271.0
Normalised IQR: 36.7
Uncertainty of the Median: 13.3
Robust CV: 2.9%
Minimum: 1113
Maximum: 1350
Range: 237

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Magnesium (Mg) - Sample PTA 1 - Robust Z-Scores
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Magnesium (Mg)

Results by Laboratory Code

Sample PTA 2

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 1045 = 104 0.56 9
150 1020 = 233.3 -0.08 9
186 976 + 146 -1.20 9
287 1025 91 0.05 9
295 953 £ 156 -1.78 16
375 1021 # -0.05 23
417 1029 =+ 1 0.15 9
435 1071 + 43 1.22 9
482 1078 50 1.40 10
538 1006 =+ 81 -0.43 9
660 1080 = 30 1.45 9
677 954 + 96 -1.76 9

No of Results: 12

Median: 1023.0
Normalised IQR: 39.3

Uncertainty of the Median: 14.2
Robust CV: 3.8%

Minimum: 953

Maximum: 1080

Range: 127

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Magnesium (Mg) - Sample PTA 2

Magnesium (Mg) - Sample PTA 2 - Robust Z-Scores
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Fluoride (F) Results

Samples PTA 1 and PTA 2
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Fluoride (F)

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 0.850 = 0.09 -0.70 24
150 1.10 = 0.218 0.51 26
186 094 + 0.11 -0.27 24
287 1.081 + 0.2 0.42 24
295 1.315 + 0.105 1.54 24
417 0.860 # -0.65 24
435 <5 # na 26
482 0.777 = 0.200 -1.05 26
538 0.825 = 0.101 -0.82 24
677 1.30 +* 0.2 1.47 24
717 1.05 = 0.06 0.27 31

No of Results: 10

Median: 0.9950

Normalised IQR: 0.2071
Uncertainty of the Median: 0.0821
Robust CV: 20.8%

Minimum: 0.777

Maximum: 1.315

Range: 0.538

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Fluoride (F) - Sample PTA 1 - Robust Z-Scores
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Fluoride (F)

Results by Laboratory Code

Sample PTA 2

Laboratory Code Result =+ mMu’ Robust Method

mg/L z-score® Code®
106 0.780 = 0.08 -0.63 24
150 0.986 = 0.196 0.73 26
186 0.85 + 0.10 -0.17 24
287 0.948 = 0.2 0.48 24
295 1.105 + 0.088 1.52 24
417 0.790 # -0.57 24
435 <5 # na 26
482 0.763 = 0.200 -0.74 26
538 0.828 = 0.102 -0.31 24
677 1.01 = 0.1 0.89 24
717 0.901 = 0.05 0.17 31

No of Results: 10

Median: 0.8755

Normalised IQR: 0.1510
Uncertainty of the Median: 0.0599
Robust CV: 17.3%

Minimum: 0.763

Maximum: 1.105

Range: 0.342

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Fluoride - Sample PTA 2 - Robust Z-Scores

Al6

Fluoride - Sample PTA 2

Ordered Robust Z-Score Charts

Tel
[e]
N

0ST

18

LTL

_ 8ES

LTV
90T

4%

n < ™ N «+ O <«

9103Ss-Z

lab code

SD9.17.11



Conductivity Results

Samples PTA 1 and PTA 2
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Al7

Conductivity

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

mS/cm z-score® Code®
106 5280 + 5.3 0.74 32
150 55.0 + 3.84 405 § 32
186 52.40 + 5.76 0.14 37
275 5192 + 0.25 -0.59 37
287 5237 + 3.4 0.09 32
295 5195 + 1.04 -0.54 32
375 50.70 # -2.43 33
435 526 + 2.1 0.44 32
464 52.25 + 5.23 -0.09 32
482 53.10 + 0.20 1.19 32
538 5250 + 1.97 0.29 32
660 516 = 0.4 -1.07 32
677 424 + 4.24 -1494 § 32
717 4710 + 6 -7.85 8§ 37

No of Results: 14

Median: 52.310

Normalised IQR: 0.663
Uncertainty of the Median: 0.222
Robust CV: 1.3%

Minimum: 42.4
Maximum: 55.0
Range: 12.6

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Conductivity - Sample PTA 1 - Robust Z-Scores
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Conductivity

Results by Laboratory Code

Sample PTA 2

Laboratory Code Result =+ mMu’ Robust Method

mS/cm z-score® Code®
106 43.58 =+ 4.4 0.62 32
150 456 + 3.18 2.43 32
186 43.20 =+ 4.75 0.28 37
275 42.88 =+ 0.25 -0.01 37
287 4293 + 2.9 0.04 32
295 4271 + 0.85 -0.16 32
375 41.63 # -1.13 33
435 434 + 1.7 0.46 32
464 429 + 4.29 0.01 32
482 43.70 = 0.20 0.73 32
538 41.40 + 1.56 -1.34 32
660 425 + 0.4 -0.35 32
677 34.0 3.4 -7.98 8§ 32
717 38,50 + 6 -3.94 § 37

No of Results: 14

Median: 42.890

Normalised IQR: 1.114
Uncertainty of the Median: 0.373
Robust CV: 2.6%

Minimum: 34.0
Maximum: 45.6
Range: 11.6

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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pH

Results by Laboratory Code

Sample PTA 1
Laboratory Code Result =+ mMu’ Robust Method
z-score® Code®
104 7.99 + 0.01 -0.98 39
106 8.07 + 0.15 0.00 39
150 782 + 0.136 -3.07 8§ 39
186 8.2 + 0.2 1.59 45
275 8.06 + 0.13 -0.12 45
287 790 + 0.2 -2.08 39
294 7.98 + 0.05 -1.10 45
295 8.11 + 0.81 0.49 39
375 8.11 + 0.02 0.49 40
417 8.20 # 1.59 39
435 8.14 + 0.33 0.86 39
464 8.02 + 0.80 -0.61 39
482 8.16 + 0.10 1.10 39
538 8.04 + 0.33 -0.37 39
660 8.13 0.5 0.74 39
677 8.06 + 0.2 -0.12 39
717 8.08 + 0.10 0.12 45
No of Results: 17

Median: 8.070

Normalised IQR: 0.082
Uncertainty of the Median: 0.025
Robust CV: 1.0%

Minimum: 7.82

Maximum: 8.20

Range: 0.38

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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pH

Results by Laboratory Code

Sample PTA 2
Laboratory Code Result =+ mMu’ Robust Method
z-score® Code®
104 7.98 + 0.01 0.00 39
106 8.00 0.15 0.39 39
150 782 + 0.136 -3.08 8§ 39
186 81 = 0.2 2.31 45
275 8.00 0.13 0.39 45
287 7.84 + 0.2 -2.70 39
294 793 + 0.05 -0.96 45
295 8.00 0.80 0.39 39
375 797 + 0.02 -0.19 40
417 8.00 # 0.39 39
435 7.99 + 0.32 0.19 39
464 7.89 + 0.79 -1.73 39
482 8.02 + 0.10 0.77 39
538 793 + 0.32 -0.96 39
660 8.01 + 0.5 0.58 39
677 7.98 + 0.2 0.00 39
717 794 + 0.10 -0.77 45
No of Results: 17

Median: 7.980
Normalised IQR: 0.052
Uncertainty of the Median: 0.016
Robust CV: 0.7%

Minimum: 7.82

Maximum: 8.1

Range: 0.28

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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pH - Sample PTA 2
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Total Dissolved Solids (TDS)
Results

Samples PTA 1 and PTA 2
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Total Dissolved Solids (TDS)

Results by Laboratory Code

Sample PTA 1

Laboratory Code Result =+ mMu’ Robust Method

g/L z-score® Code®
106 3891 = 7.8 2.22 47
150 3290 = 5.78 -2.37 47
186 37.00 = 4.07 0.76 47
287 34,17 = 3.1 -1.40 47
295 3517 = 2.81 -0.63 47
417 36.90 # 0.69 47
435 36.0 =* 2.2 0.00 47
482 38.35 + 0.50 1.80 47
538 36.81 = 1.42 0.62 47
660 352 + 0.4 -0.61 47
677 353 = 3.6 -0.54 47

No of Results: 11

Median: 36.000

Normalised IQR: 1.308
Uncertainty of the Median: 0.494
Robust CV: 3.6%

Minimum: 32.90

Maximum: 38.91

Range: 6.01

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Total Dissolved Solids (TDS)

Results by Laboratory Code

Sample PTA 2

Laboratory Code Result =+ mMu’ Robust Method

g/L z-score® Code®
106 3230 + 6.5 2.03 47
150 246 = 4.32 -2.57 47
186 30.30 + 3.33 0.84 47
287 26.50 = 2.6 -1.44 47
295 28.96 = 2.32 0.04 47
417 29.73 # 0.50 47
435 289 £ 1.7 0.00 47
482 2543 = 0.50 -2.08 47
538 29.28 = 1.13 0.23 47
660 28 + 0.3 -0.54 47
677 282 2.9 -0.42 47

No of Results: 11

Median: 28.900

Normalised IQR: 1.672
Uncertainty of the Median: 0.632
Robust CV: 5.8%

Minimum: 24.6

Maximum: 32.30

Range: 7.70

' Where reported, results are shown with their corresponding measurement
uncertainty (MU).

"8" denotes an outlier (i.e. those results for which |z-score| = 3.0). Robust z-scores
are calculated as: z = (A - median) + normalised IQR, where A is the participant
laboratory's result.

Please refer to Appendix C (pages C3-C5) for method code descriptions.
"na" indicates "not applicable".

"#" indicates that no result was returned for this sample/test.
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Total Dissolved Solids (TDS) - Sample PTA 2
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Sample Homogeneity and Stability

Homogeneity and Stability Testing
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Homogeneity and Stability Testing

Samples for this program consisted of pasteurised estuarine seawater and ocean beach
seawater and were obtained from Global Proficiency Ltd, New Zealand. As such, all samples
were subjected to rigorous quality control and homogeneity / stability testing.

A random selection of 10 samples were chosen from samples PTA 1 and PTA 2. Seven of
these were stored refrigerated and the remaining three were subjected to 35°C for three days
for an accelerated ageing stability trial. The samples were then analysed in duplicate by
Global Proficiency Ltd for Conductivity (Conductivity meter, 25°C / APHA 2510 B, 22™ ed.
2012) and pH (pH meter, APHA 4500-H* B, 22nd ed. 2012).

All stability samples showed no notable differences when compared to homogeneity
samples.

From statistical analyses based on the results of this testing and rigorous quality control, and
the normality of participant results from the proficiency testing program conducted by Global
Proficiency (round WCS1805, samples WSS1805-1 and WSS1805-2), it was considered that
all samples were sufficiently homogeneous and stable, so that any results later identified as
outliers should not be attributed to any notable sample variability.

The results of homogeneity and stability testing are presented in Tables B1-B2. Please note
that the mean results for these tests are not intended to be used as reference values.

Table B1. Homogeneity and stability testing of PTA 1 samples (diluted x20 for conductivity testing).

Samples PTA 1
SeaWaters —
Round 4 Sample Conductivity (mS/cm) pH
D Rep1 Rep 2 Rep 1 Rep 2
Homogeneity H1 4.75 4.71 8.09 8.09
H2 4.70 4.74 8.08 8.08
H3 4.74 4.72 8.08 8.08
H4 4.74 4.71 8.08 8.08
H5 4.72 4.71 8.08 8.08
H6 471 4.70 8.08 8.08
H7 471 471 8.09 8.09
Stability S1 4.72 471 8.09 8.09
S2 471 471 8.10 8.10
S3 4.70 4.70 8.09 8.09
RSD 0.37% 0.24% 0.24% 0.09%
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Table B2. Homogeneity and stability testing of PTA 2 samples (diluted x20 for conductivity testing).

Samples PTA 2
SeaWaters —
Round 4 Sample Conductivity (mS/cm) pH
D Rep 1 Rep 2 Rep 1 Rep 2
Homogeneity H1 3.90 3.85 7.99 7.99
H2 3.90 3.86 7.99 7.99
H3 3.89 3.87 8.00 8.00
H4 3.88 3.86 8.01 8.01
H5 3.88 3.86 8.01 8.01
H6 3.88 3.86 8.01 8.01
H7 3.87 3.87 8.01 8.01
Stability S1 3.88 3.87 8.00 8.00
S2 3.91 3.88 8.01 8.00
S3 3.91 3.87 8.01 8.01
RSD 0.36% 0.22% 0.11% 0.10%
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proficiency testing australia

PROFICIENCY TESTING AUSTRALIA

SeaWaters Proficiency Testing Program

SeaWaters (Chemical) Round 4 APRIL, 2018

Total Alkalinity as CaCQOs, Calcium, Magnesium, Fluoride, Conductivity, pH, Total Dissolved Solids

INSTRUCTIONS TO PARTICIPANTS

**Please record (on the Results Sheet) the approximate temperature of the samples upon

receipt**

Please note the following before commencing the analysis of the samples.

1.

Samples

i) Two plastic bottles labelled SeaWaters Round SW4 Sample: PTA 1 and Sample: PTA 2,
supplied by Global Proficiency Ltd. The bottles contain approximately 800 mL of sea water
sample, for analysis of Total Alkalinity as CaCOs;, Calcium, Magnesium, Fluoride,
Conductivity, pH and Total Dissolved Solids.

ii)  The samples must be thoroughly mixed prior to analysis.

iii) The samples are ready to use as received, with no dilution or filtration required.

iv) The samples were chilled prior to dispatch and any liquid on the outside of the bottles may
be due to condensation rather than leakage. Store refrigerated (2-6°C).

Please Note: Where possible, proficiency testing samples should be treated as a routine
laboratory sample.

Sample Preparation
Caution: Analysis must begin immediately after bottle is opened.

i)  Adjust bottle temperature to 20°C.
ii) Record bottle ID number.

iii) Mix thoroughly by inversion and test according to your normal procedures.

Tests Requested
Tests requested for samples PTA 1 and PTA 2 are as follows:

i)  Total Alkalinity as CaCOs;

ii) Calcium

iii) Magnesium

iv) Fluoride

v) Conductivity

vi) pH

vii) Total Dissolved Solids (TDS)
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4. Safety

i) Samples are for laboratory use only.

ii) Participants should have sufficient experience and training to take the necessary precautions
when handling the samples and reagent chemicals and during disposal.

iii) Use of safety glasses, gloves, and fume hoods, where appropriate during the
determinations, is recommended.

5. Reporting

i)  For each sample only a single result on the Results Sheet is requested.
ii) Report results in the appropriate units.

For statistical purposes, please report:

Total Alkalinity as CaCO3 report to 1 decimal place (e.g. 105.1 mg/L)

Calcium report to 1 decimal place (e.g. 352.1 mg/L)

Magnesium report to 0 decimal places (e.g. 1003 mg/L)

Fluoride report to 3 decimal places (e.g. 0.935 mg/L)

Conductivity (at 25°C) report to nearest 0.01 mS/cm [0.01 m mho/cm]
(e.g. 54.49 mS/cm)

pH report to 2 decimal places (e.g. 7.91)

Total Dissolved Solids report to 2 decimal places (e.g. 35.31 g/L)

iii) Do not correct results for recovery.

iv) Select the appropriate method code for each test from the Method Code Table and record it
on the Results Sheet.

v) Calculate the measurement uncertainty (MU) for each reported result. All estimates of MU
must be given as a 95% confidence interval (coverage factor k = 2) and reported in the
appropriate units. Report MU using the same number of decimal places as for the result.

6. Testing should commence as soon as possible after receiving the samples and results reported
NO LATER THAN 4 MAY 2018 to:

Delfina Mihaila

Proficiency Testing Australia
PO Box 7507
SILVERWATER NSW 2128
AUSTRALIA

Phone: +612 9736 8397
Fax: +612 9743 6664
Email: dmihaila@pta.asn.au

7. For this program your laboratory has been allocated the code number shown on the attached
Results Sheet. All reference to your laboratory in reports associated with the program will be
through this code number, thus ensuring the confidentiality of your results.

8. As a guide, ranges for the samples can be expected to be:

Analyte Range
Total Alkalinity as CaCO; 10 — 200 mg/L
Calcium 200 — 600 mg/L
Magnesium 800 — 2000 mg/L
Fluoride 0.5-2mg/L
Conductivity 10 - 100 mS/cm
pH 7-9

Total Dissolved Solids (TDS) 20 —60 g/L
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Method Codes to be used for the Results Sheet

METHOD
ANALYSIS REEERENCE METHOD DESCRIPTION CODE
Total Alkalinity APHA 2320 B. Titration Method 1
as CaCQOg APHA SM Indicator Endpoint
APHA 2320 B. Titration Method 5
pH Electrode Endpoint
ASTM ASTM D3875 3
HACH HACH Method 8221 4
Buret Titration, pH Electrode Endpoint
HACH Method 8203 5
Digital Titrator
ISO ISO 22719:2008 6
Potentiometric titration
US EPA EPA-842-B-06-003 7
Chapter 11
Other Other (please specify) 8
Ca'cium and APHA 3120 B.
Magnesium APHA SM Inductively Coupled Plasma (ICP) Method 9
APHA 3125 B.
Inductively Coupled Plasma — Mass 10
Spectrometry (ICP-MS) Method
APHA 3111 B. 11
Direct Air-Acetylene Flame Method
APHA 3111 D.
Direct Nitrous Oxide—Acetylene Flame 12
Method
APHA 3111 E.
Extraction/Nitrous Oxide—Acetylene Flame 13
Method
APHA 3500-Ca B. 14
EDTA Titrimetric Method
APHA 3500-Mg B. 15
Calculation Method
US EPA 200.7
US EPA ICP-AES 16
US EPA 0215.1 17
Calcium - AA, Direct Aspiration
US EPA 0215.2 18
Calcium - Titrimetric, EDTA
US EPA 0242.1 19
Magnesium - AA, Direct Aspiration

Method Codes Continued on next page.
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Method Codes to be used for the Results Sheet

METHOD
ANALYSIS REEERENCE METHOD DESCRIPTION CODE
Calcium and ASTM D0511-09
Magnesium ASTM Test Methods for Calcium and Magnesium 20
In Water
ASTM D5673-10
Test Method for Elements in Water by 21
Inductively Coupled Plasma\Mass
Spectrometry
AS AS 2134.1 Flame atomic absorption 22
spectrometry
Other Other (please specify) 23
Fluoride APHA SM APHA 4500-F C. lon-Selective Electrode
24
Method
APHA 4500-F D. SPADNS Method 25
APHA 4110 B. lon Chromatography with
Chemical Suppression of Eluent 26
Conductivity
APHA 4500-F E. Complexone Method 27
APHA 4500-F G. lon-Selective Electrode
o . 28
Flow Injection Analysis
APHA 4110 C. Single-Column lon
Chromatography with Direct Conductivity 29
Detection
ASTM ASTM D3868
Fluoride lons in Brackish Water, Seawater, 30
and Brines
Other Other (please specify) 31
Conductivity APHA SM APHA 2510 B. . 32
(at 25°C) Laboratory Method (conductivity meter)
ASTM ASTM D1125 - 95(2009)
Test Method A—Field and Routine 33
Laboratory Measurement of Static (Non-
Flowing) Samples
ASTM D1125 - 95(2009)
Test Method B— Continuous In-Line 34
Measurement
USP USP 38 (645) 35
Water Conductivity
US EPA US EPA 120.1: Specific Conductance at 36
25°C by Conductivity Meter
Other In-house method, Conductivity Meter 37
Other (please specify) 38
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Method Codes to be used for the Results Sheet (cont.)

METHOD
ANALYSIS REEERENCE METHOD DESCRIPTION CODE
pH APHA SM APHA 4500 - H" B. 39
Electrometric Method
ASTM ASTM D1293 40
Standard Test Methods for pH of Water
USP USP 38 (791) a1
pH
BS BS1377 P-3:1990 42
Part 9. Determination of the pH value.
AS AS 2300
Methods of Chemical and Physical Testing 43
for the Dairying Industry
US EPA EPA-842-B-06-003 a4
Chapter 11
Other In-house method, pH Meter 45
Other (please specify) 46
Total Dissolved APHA 2540 C. Total Dissolved Solids Dried
Solids (TDS) | APHASM at 180°C a7
AS 3550.4 Waters - Determination of solids - 48
Gravimetric method
ASTM D5907-13 Standard Test Methods for 49
Filterable Matter (TDS)
US EPA US EPA 0160.1 Residue, Filterable 50
Other Calculation: Total — Suspended 51
Conductivity 52
Other (please specify) 53
Method Reference Key
i) APHA SM APHA “Standard Methods for the Examination of Water and Wastewater”
(18, 19, 20, 21, 22 and 23 Edition).
i) ASTM ASTM International www.astm.org
iii) AS Australian Standards www.saiglobal.com
iv) BS British Standards Institution www.bsigroup.com
V) ISO International Organization for Standardization www.iso.org
Vi) US EPA U.S Environmental Protection Agency, http://www.epa.gov.
vii) USP The United States Pharmacopeial Convention https://hmc.usp.ord/
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PROFICIENCY TESTING AUSTRALIA
SeaWaters Proficiency Testing Program

SeaWaters (Chemical) Round 4

Total Alkalinity as CaCOg3, Calcium, Magnesium, Fluoride, Conductivity, pH, Total Dissolved Solids

APRIL 2018
RESULTS SHEET
Laboratory
Code
*Approximate temperature of samples upon receipt:
PTA 1 PTA 2
ANALYSIS
Result smur | Method o posui MU* Method
Code Code

Total Alkalinity as CaCOg3
(mg/L)

Calcium (mg/L)

Magnesium (mg/L)

Fluoride (mg/L)

Conductivity
at 25°C (mS/cm)

pH

Total Dissolved Solids
at 180° (g/L)

Total Alkalinity - Titration pH Endpoint used:

Please note: Where possible, proficiency testing samples should be treated as a routine

laboratory sample.

)] For each sample only a single result is requested.
i) For statistical purposes, please report:
Total Alkalinity as CaCO3 report to 1 decimal place (e.g. 105.1 mg/L)
Calcium report to 1 decimal places (e.g. 352.1 mg/L)
Magnesium report to 0 decimal places (e.g. 1003 mg/L)
Fluoride report to 3 decimal places (e.g. 0.935 mg/L)
Conductivity (at 25°C) report to nearest 0.01 mS/cm [0.01 m mho/cm]
(e.g. 54.49 mS/cm)
pH report to 2 decimal places (e.g. 7.91)
Total Dissolved Solids report to 2 decimal places (e.g. 20.31 g/L)
iii) Do not correct results for recovery.
iv) MU* Laboratories Measurement Uncertainty (MU) if known for the result.
Please report in the corresponding unit of measurement as the testing sample.
DATE: SIGNATURE:
Return results NO LATER THAN 4 MAY 2018 to:
Delfina Mihaila
Proficiency Testing Australia
PO Box 7507 Phone: +61 2 9736 8397
SILVERWATER NSW 2128 Fax: +61 2 9743 6664
AUSTRALIA Email: dmihaila@pta.asn.au

INSTRUCT WATERS PROF TEST PROG SW4
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- End of Report -
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