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DRINKING WATER METHOD:

Drinking Water Sulphate for Thermo Scientific Gallery Discrete

Analyzer

Name of the method: Drinking Water Sulphate

Reference: Standard Methods (SM) 4500-SO4>- E. Turbidimetric Method !.
Method is EPA approved under 40 CFR Appendix A to subpart C
of Part 141 23 and can be used for measurements under the
National Secondary Drinking Water Regulations, NSDWR, based
on SDWA, Safe Drinking Water Act.

Intended use: This paper presents Drinking Water Sulphate method for Thermo
Scientific™ Gallery™ discrete analyzer.

Revision number: 01

Revision date (mm/dd/yyyy): 11/27/2023

1. Scope and Application

1.1

1.2

1.3
14

This automated method covers the determination of sulphate (CAS#14808-79-8) in drinking,
ground, and surface water with the Thermo Scientific Gallery discrete analyzers (Gallery,
Gallery Aqua Master, Gallery Plus, Gallery Plus Aqua Master, later referred as Gallery). Each
sample type needs to be validated before starting the analysis.

The method is applicable for NSDWR reporting. Each laboratory is responsible for validating
their analytical methods for compliance measurements and for getting approval for the method
from corresponding authority.

The method is based on turbidimetric reaction between sulphate and barium chloride.

The primary range for this method is from 2 to 100 mg/L. An extension of the range to 500
mg/L is achieved when 1+4 automated dilution is configured. The automated dilution feature
must be confirmed with acceptable analysis of quality control samples by the user.

2. Summary of Method

2.1

Sulphate ion is converted to a barium sulphate suspension under controlled conditions. A
solution containing gelatin and sodium chloride is added to stabilize the suspension and to
minimize interferences. The resulting turbidity is determined by a photometer at 420 nm and
compared to a calibration curve prepared from standard sulphate solutions.

3. Definitions

3.1  Units and symbols from the international metric system (SI) are used. Definitions, acronyms,
and abbreviations are explained as they occur for the first time.
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3.2

33

Alternative volume versions of this method that use the same reagents and molar ratios are
acceptable provided they meet the quality control and performance requirements stated in the
method.

Limited performance-based method modifications may be acceptable provided they are fully
documented and meet or exceed requirements expressed in Section 9.0, Quality Control.

4. Interferences

4.1 Itis recommended to remove suspended matter in the sample by filtering or centrifuging prior
to analysis. The recommended filter size is 0.45 pm. *

4.2 Sample color that absorbs at measurement wavelength, 420 nm, interferes with the
quantitation. When color is suspected, analyze a sample blank, omitting the barium chloride
from the reagent.

4.3  The Gallery analyzer described in this test method automatically corrects for some turbidity
and sample color.

4.4 The interference information stated below is from standard methods. Each laboratory is
responsible for validating the method for respective sample types.

4.5 Polyphosphates as low as 1 mg/L will inhibit barium sulphate precipitation causing a negative
interference. Phosphonates present in low concentrations, depending on the type of
phosphonate, will also cause a negative interference.

4.6 Silicain excess of 500 mg/L may precipitate along with the barium sulphate causing a positive
interference. *

4.7  Chloride in excess of 5000 mg/L will cause a negative interference. *

4.8 Aluminum, polymers, and large quantities of organic material present in the test sample may
cause the barium sulphate to precipitate nonuniformly. *

4.9 In the presence of organic matter certain bacteria may reduce sulphate to sulphide. To
minimize the action of sulphate reducing bacteria, samples should be refrigerated at 4 °C when
the presence of such bacteria is suspected.*

4.10 Although other ions normally found in water do not appear to interfere, the formation of the
barium sulphate suspension is very critical.

4.11 Determinations that are in doubt may be checked by doing a recovery study of the sample by
adding a spike of known sulphate concentration to the sample followed by calculation of
percent recovery (see section 9.4.4). 4

5. Safety

5.1 General laboratory safe practices should be used in handling all samples, reagents and
chemicals in this test method.

5.2 The toxicity and carcinogenicity of each reagent used in this method have not been fully
established. Each chemical should be regarded as a potential health hazard and exposure
should be as low as reasonably achievable.

5.3 The following chemicals are used in this method and have the potential to be toxic or
hazardous. Consult MSDS (Material Safety Data Sheet) for details.
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5.3.1 Barium chloride (BaCl, - 2 H,O) (contained in Sulphate R1) (CAS# 10326-27-9)
5.3.2 Sodium chloride (NaCl) (contained in Sulphate R1) (CAS# 7647-14-5)

5.3.3 Gelatin (contained in Sulphate R1) (CAS# 9000-70-8)

5.3.4 Hydrochloric acid (HCI) (contained in Sulphate R1) (CAS# 7647-01-0)

5.3.5 Sodium sulphate, anhydrous (Na,SO4) (CAS# 7757-82-6)

5.3.6 Barium chloride is toxic, and it must be treated with extra caution when preparing the
Sulphate R1 -reagent.

6. Equipment and Supplies

6.1
6.2

6.3

6.4
6.5

6.6

Balance: Analytical, capable of accurately weighing to the nearest 0.0001 g.

Water purification system for producing suitable water for autoanalyzers. Refer to instrument
user manual.

Thermo Scientific Gallery (Gallery, Gallery Aqua Master, Gallery Plus, Gallery Plus Aqua
Master), automated photometric discrete analyzer. Later referred as Gallery.

Filter, wavelength 420 nm.

DECACELL™ Cuvettes for Gallery. DECACELL cuvettes must always be used with Gallery.
Cuvettes are for single use only. Ordering code 986540.

Washing solution 4.5 % hypochlorite solution, 4 x 20 mL, is used for daily analyzer cleansing.
Ordering code 984030 (4 x 20 ml).

7. Reagents and Standards

THERMO SCIENTIFIC ORDERING CODES

Reagents for Gallery: 984648 Sulphate R1, 4 x 20 mL
Standards for Gallery: 984727 Sulphate standard, 1000 ppm, 500 mL
7.1  Preparation of reagents needed in this method is described under. Also, ready to use reagents
are available for this method.
7.2 Reagent water — Deionized water, free of the analyte of interest. Water stored in bottles
should be substituted by fresh water after one week.
7.3  Sulphate R1 — Use ready to use reagent 984648. Also, self-prepared reagent can be used
provided that the method acceptance criteria is met.
Barium chloride (BaCl, - 2 H,O) 1% -<3%
Sodium chloride (NaCl) <3%
Gelatin <1%
Hydrochloric acid (HCI) <1%
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7.4

7.5

7.6

7.7

Sulphate standard (stock), 1000 mg/LL — Use commercial standard solutions or prepare a self-
made standard (stock) solution by dissolving 1.479 g of anhydrous sodium sulphate (Na,SOs)
in reagent water and dilute to 1000 mL.

Sulphate Calibration Solutions — Prepare an appropriate series of standards by diluting
suitable volumes of Sulphate standard (stock) with deionized water or use the automated
Gallery dilution feature.

Quality Control Solution (QCS) — A second source standard from an external source, e.g.
984727 Sulphate Standard, 1000 ppm, is used. Do not use sulphate calibration solutions as
QCS-samples. Dilute suitable volumes of QCS stock solution with deionized water to get QCS
samples of appropriate concentrations.

Laboratory Fortified Blank (LFB) — Commercial standard solution e.g. 984727 Sulphate
Standard, 1000 ppm, or a self-made standard solution is used. Dilute suitable volumes of LFB
stock solution with deionized water to get LFB samples of appropriate concentrations. Do not
use sulphate calibration solutions as LFB-samples.

8. Sample Collection, Preservation, and Storage

8.1

8.2

Collect representative samples in clean, chemically resistant glass or plastic bottles. Volume
collected should be sufficient to ensure a representative sample, allow for replicate analysis
and minimize waste disposal.

Sample preservation and holding time requirements for samples.

8.2.1 No preservative is used. !
8.2.2 The sample is stored <6 °C. !
8.2.3 Analyze within 28 days. !

8.2.4 In all cases, samples should be analyzed as soon as possible after collection.

9. Quality Control

9.1

9.2

Quality control (QC) program — Each laboratory using this method is required to operate a
formal quality control (QC) program. The minimum requirements of this program consist of
an initial demonstration of laboratory capability and the analysis of laboratory reagent blanks,
continuing calibration check standards, fortified blanks, and fortified samples as duplicates as
a continuing check on performance. The laboratory is required to maintain performance
records that define the quality of the data generated.

Calibration and calibration verification — Prior to the analysis of samples, calibrate the test
and verify the calibration with a second source standard. Recalibration is needed whenever a
significant change in the instrument response is expected or observed.

9.2.1 Calibration — calibrate the instrument using a calibration solution diluted to at least
five different concentrations that bracket the expected sample concentration. The
coefficient of determination (r?) must be 0.998 or greater and the recoveries of back-
calculated values for calibrator levels must be within limits. If limits are not met,
determine the problem, and recalibrate the test.
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9.2.2

Note: The Gallery analyzer calculates two equations for the proposed tests (11.3 and
11.4), linear and 2™ order, to fit the results of the analysis of each calibration standard
versus the nominal concentration of the analyte in the calibration standards. The best
fit is not always linear, so the user can choose a 2™ order equation instead.

Note: For Sulphate method a spline calibration could also be used — this may improve
the accuracy at lower concentrations.

Criteria for calibration: 2 >0.998
% Recovery of back-calculated calibrator level
results 90 — 110% or 80 — 120% when ¢ <2 x
Minimum Reporting Level (MRL, see 9.3.3).

Quality Control Sample (QCS) — Secondary, external source standard solution
samples (QCS) are used for the verification of the calibration standards and acceptable
analyzer performance. QCS’s must be run when beginning the use of this method,
whenever new standard materials are used, on a quarterly basis or as required to meet
data-quality needs. If the determined concentrations are not within limits, the
performance of the determinative step of the method is unacceptable. The source of
the problem must be identified and corrected before proceeding with the initial
determination of capability or continuing with on-going analyses.

%Recovery = % x 100

where Cs = sample result concentration, mg/L

C

C = sample theoretical concentration, mg/L

riteria for QCS %Recovery: 90— 110 %

9.3 Initial demonstration of capability (IDC) — IDC is used to characterize analyzer performance

in an individual laboratory by determination of the operational range and analysis of quality

control

samples (QCS). Determination of method detection limit (MDL), minimum reporting

level (MRL) and the initial precision and recovery (IPR) are used for testing the laboratory
performance.

9.3.1

Operational Range — Instrument operational range is to be determined initially and
verified every six months or whenever a significant change in the instrument response
is expected or observed. The initial demonstration of the operational range must
employ a number of standards sufficient to ensure that the results are reproducible and
statistically acceptable. The periodic verifications of the operational range must use a
minimum of a blank and three standards. If any verification data exceeds the nominal
value of the standard by +10% (or £20% when ¢ < 2 x MRL), the operational range
must be re-established.

Criteria for operational Recovery 90 - 110 % for operational range standard
range: samples or 80 - 120 % when ¢ <2 x MRL
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9.3.2 Method Detection Limit (MDL) — MDL should be established based on a low
concentration laboratory fortified blank (LFB) deviation or from laboratory reagent
blank (LRB) deviation. First an MDL estimate is calculated as three times the standard
deviation of replicate measurements of the reagent water:

MDLeSt = 3 X (SDo)
where SDy = standard deviation of the replicate analyses (n = 10) of
reagent water
A laboratory fortified blank sample (LFB) at a concentration which is from two to ten
times the MDLest is analyzed in seven replicates during three days. Each individual
result must be within 50 — 150 % of the theoretical value and RSD% of results <20%.
Calculate the MDL from LFB results as follows:
M DL LFB — tx S D
where t = Student's t-value for a 99 % confidence level and a standard
deviation estimate with n-1 degrees of freedom
[t=3.14 for 7 replicates]
SD = standard deviation of the replicate analyses
For calculation of RSD%, use the following equation.
100 ’ (X,-X)2
%RSD = a X Z?’zl #
where X = mean of replicate measurements
X, = measured value of the replicate
n = number of replicates
Analyze also a laboratory reagent blank (LRB) in seven replicates during three days.
MDL value from blank is calculated as follows:
MDL LRB — tx S D
where t = Student's t-value for a 99 % confidence level and a standard
deviation estimate with n-1 degrees of freedom
[t=3.14 for 7 replicates]
SD = standard deviation of the replicate analyses
Whichever MDL, MDLirg or MDLirsg, is higher will be selected as method MDL.
MDL should be determined initially or whenever there is a significant change in the
background or analyzer response. MDL should be verified quarterly with analysis of
LFB at concentration originally used for MDL determination. MDL is verified when
the recovery is 50 — 150%.
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9.3.3

9.34

Minimum Reporting Level (MRL) Confirmation — The minimum concentration that

can be reported by a laboratory as a quantified value. The MRL must be at or above
the level of the lowest fortified calibrator, where it must meet the criteria set for MRL
confirmation. It would also have to be considered that criteria for Laboratory Reagent
Blank (LRB) must be met (LRB < 1/2 x MRL).

Fortify and analyze seven replicate LFBs at the proposed MRL concentration.
Calculate the mean (Mean) and standard deviation (SD) for these replicates.
Determine the Half Range for the Prediction Interval of Results (HRpr) using the
equation:

HRPIR = 3.963 X SD

where SD = standard deviation
3.963 = constant value for seven replicates

Calculate the upper and lower limits for the Prediction Interval of Results (PIR = Mean
+ HRpRr) from the results and confirm that the results meet the criteria. Accepted
results confirm the verification of MRL.

L Mean + HRpp
PIR Upper Limit = — —x100
Fortified concentration

o Mean — HRp;p
PIR Lower Limit = — —x100
Fortified concentration

Criteria for PIR Limits: The Upper PIR Limit must be < 150 %.
The Lower PIR Limit must be > 50 %

MRL is determined initially and verified with continues analysis of low-level
Continuing Calibration Verification (CCV LL) sample at MRL. MRL is verified when
the recovery is 80 — 120%. See also 9.4.3 for analyzing CCV. Redetermine MRL if
LL CCYV is out of limits on regular bases.

Initial Precision and Recovery (IPR) — For initial precision and recovery test the
laboratory should analyze four replicate volumes of reagent water spiked with the
analyte of interest (LFB). IPR is analyzed every time there are any modifications made
to the method and every time a new analyst starts to use the method. If IPR is not
within criteria, the source of the problem should be identified and resolved before
continuing analyses.
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Calculate accuracy as percent recovery with the following equation and precision as
relative standard deviation (% RSD) as shown in section 9.3.2.

Cs—C
Recovery% = =
where Cs = spiked sample concentration
C = sample background concentration
] = concentration equivalent of analyte added to sample

Criteria for IPR:  Recovery 85 - 115 % or 80 - 120 % when c is <2 x MRL
% RSD <10%

9.4 Ongoing QC — Assessing laboratory performance with ongoing QC includes the use of
Laboratory Reagent Blank (LRB) samples, Laboratory Fortified Blank (LFB) samples,
Laboratory Fortified Matrix (LFM) samples and Continuing Calibration Verification (CCV)
samples. Certified reference material (CRM) is used quarterly if applicable. Many of these QC
procedures are done automatically by the analyzer.

9.4.1

9.4.2

Laboratory Reagent Blank (LRB) — The laboratory should analyze at least one LRB
with each batch of samples and at minimum every twentieth sample. Data produced is
used to assess possible contamination from the laboratory environment. The use of
LRB is not relevant for the high concentration test (11.4).

Criteria for LRB: LRB <1/2 x MRL

On-going Precision and Recovery (OPR) — The laboratory should analyze at least
one LFB with each batch of samples and at minimum every twentieth sample. LFB
concentrations should be rotated to cover different parts of the used ranges.

Calculate accuracy as percent recovery as shown in section 9.2.2. If the recovery of
the analyte falls outside the required control limits, the source of the problem should
be identified and resolved before continuing analyses.

Also, the standard deviations (SD) should be monitored regularly and documented.

LFB analysis data is used to assess laboratory performance against the required control
limits.

Criteria for OPR: Recovery 85 - 115% or 80 - 120% when ¢ <2 x MRL
When enough data, preferably twenty or more results, from LFB samples is analyzed
as part of method ongoing QC, the laboratory can assign its own control limits from

the standard deviation and mean of the results:

Control limits = Mean + 3 x SD
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9.4.3

9.4.4

Continuing Calibration Verification (CCV) — For all determinations the laboratory
should analyze a mid-range calibration verification standard (CCV MID) immediately
following calibration, after every tenth sample and at the beginning and end of the
sample run. Ongoing analyses of the CCV samples verify that the calibration is within
limits. In addition, a low-level verification standard (CCV LL) at concentration of the
MRL is analyzed daily with the low concentration test (11.3) to verify quantitation at
MRL.

If the calibration cannot be verified within the limits specified in the test, the analyzer
gives a message of outlier result. In such case reanalyze the CCV samples. If the
second analysis of the CCV samples confirms calibration to be outside the limits,
sample analysis must be discontinued, the cause determined and/or in the case of drift
the analyzer recalibrated. All samples following the last acceptable CCV samples must
be reanalyzed, even if the resumed CCV samples are acceptable.

Criteria for CCV: % Recovery 90 — 110% or 80 — 120 %, when ¢ is <2 x MRL

Laboratory Fortified Matrix Sample (LFM) (also termed Matrix Spike, MS) — The
laboratory must add a known amount of analyte to a minimum of 5 % of the tested
samples or daily, whichever is more often. The spike sample is done in duplicates
(LFMD or MSD) and from same source that was used for LFB.

The spiked sample concentration must not exceed the high calibration standard. Also,
the original and spiked sample results should be at minimum two times the MRL.
Ideally the new concentration should be at or below the midpoint of the calibration
curve. It is preferred to use the same concentrations as for LFB samples to be able to
separate the matrix’s effect from laboratory performance. In addition, the spike
concentration should be from one to five times the sample’s original concentration so
that the original sample result wouldn't affect too much on the spike recovery result.

If the results for LFM or LFMD are not within criteria, make corrective actions
targeted to the sample in question, e.g. dilute, use different method or if reported, add
information of crossing criteria.

Calculate the %Recovery for each spike as follows.

LFM Recovery %, R = “=—L x 100

where G = spiked sample concentration
f = spike dilution correction (sample volume per total volume
of the spiked sample)
C = original sample concentration (sample without spike)

s = concentration equivalent of analyte added to sample (spike)

Note: If the added spike volume is less than 1% of the total LFM sample volume, the
factor f can be excluded.
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The precision of the LFM determinations is assessed by measuring LFM samples as
duplicates (LFMD, also termed Matrix Spike Duplicate or MSD). Relative Percent
Difference (%RPD) is then calculated as follows:

%RPD = 100 x -FM-LFMDI

2% (LFM+LFMD)

where LFM = analyte concentration measured in LFM sample
LFMD = analyte concentration measured in LFM duplicate

Criteria for LFM:  %Recovery 85— 115%
%RPD: < 10%

9.4.5 Certified Reference material (CRM) — In order to verify the accuracy of the method,
analyze a Certified Reference Material (CRM) as a regular sample (if practical) at least
once per quarter in replicates. The concentration of the CRM should be in the
concentration mid-range for the chosen method. The matrix of the CRM sample should
be similar to the samples analyzed. Each replicate must be taken through the complete
analytical test method including any sample preservation and pretreatment steps.
Compare the results to the acceptance limits provided by the CRM manufacturer. Also,
the method limits must be met.

Criteria for CRM:  Limits from the CRM certificate
%Recovery: 85 - 115 % or 80 - 120 %, when ¢ is <2 x MRL

10. Calibration and Standardization

10.1

10.2
10.3

104

10.5

10.6

Dilute Sulphate Calibration Stock with deionized water to get a suitable sulphate standard for
calibration. Use the automated Gallery dilution feature for the calibration curve. Alternatively,
prepare a series of at least five standards (and a blank for the low application), covering the
desired range for the calibration curve.

Process standards and blanks as described in Section 11.0 Procedure.

The Gallery analyzer automatically plots analyzer response against standard concentration.
The user must accept this calibration curve before the analyzer starts to measure samples. The
calibration correlation coefficient shall be equal to or greater than 0.998.

After the calibration has been established, it must be verified by the analysis of a suitable
quality control sample (QCS) before analyzing samples. If measurements exceed + 10 % of
the established value, the analysis should be terminated, and the analyzer recalibrated.

Also, a low level CCV is analyzed after calibration and at the beginning of daily sample load
to verify quantitation at MRL. Sample analysis can be started if the result for CCV LL is also
within limits of =20 %.

Ongoing QC is done automatically by the analyzer, and it includes analyzing LRB, LFB and
CCV samples with each batch of samples. In addition, LFM samples are to be done in
duplicates from at least 5 % of samples or daily whichever is more often. CRM sample is
recommended to be analyzed at least once per quarter.
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11. Procedure

11.1

11.2

11.3

114

Preparation before analysis — Add all required reagents, samples, other consumables, and
requests for tests following the analyzer and reagent instructions provided by the manufacturer.

The reagents and samples needed for the analysis are dispensed automatically according to the
pre-defined test descriptions to single-use cuvettes, where all the reactions and measurements
take place. Incubations are done at 37 °C.

Gallery Drinking Water Sulphate Low test flow — 120 ul of Sample is dispensed to the
cuvette. After blank measurement, 40 puL of Sulphate R1 is added and solution is mixed. After
5 minutes incubation, the absorbance is measured at 420 nm. Suggested application is shown
in Appendix A.

Gallery Drinking Water Sulphate High test flow — 100 pul of Sample and 20 pl of reagent
water are dispensed to the cuvette. After blank measurement, 40 pL. of Sulphate R1 is added
and solution is mixed. After 5 minutes incubation the absorbance is measured at 420 nm.
Suggested application is shown in Appendix A.

12. Data Analysis and Calculation

12.1

12.2

The Gallery analyzer automatically plots the analyzer responses against standard
concentrations to create a calibration curve. The analyzer computes sample concentration by
comparing sample response with the standard curve.

Results are reported in mg/L.

13. Method Performance

13.1 The results presented here are from a single laboratory study.

13.2 MDL for the Gallery Drinking Water Sulphate method was 0.8 mg/L and MRL was confirmed
to be 2.0 mg/L.

13.3 Calibration equations were done as second order and the coefficient of determination (r?) was
>0.999 for both calibration ranges. QCS sample had recoveries of 90 - 102% for low and
100 — 108% for high test.

13.4 Initial precision was analyzed to be 0.1 — 1.3 %RSD and recovery 99 — 108 % at multiple
concentrations between 3.0 and 300.0 mg/L.

13.5 Recoveries for LFB samples from ongoing QC results were 98 -108 % at multiple
concentrations between 18.0 and 300.0 mg/L and 89 - 98% at concentrations <4 mg/L.

13.6 CCV LL standard at MRL 2.0 mg/L had recoveries 90 - 96 %, CCV MID for low test 101 -
105%, CCV MID for high test 101 - 107% and LRB was always below 1/2 of MRL — 0.6 mg/L
at maximum.

13.7 Method limits for QCS recovery are 90 — 110% and for LFB and LFM samples 85 — 115 %
(80 — 120 % when c is < 2 x MRL) and maximum 10 % RSD or % RPD. For CCV mid-level
90 - 110 % Recovery limit is used and 80 — 120 % when ¢ is <2 x MRL. LRB must be below
or equal to one half of the MRL.
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14. Pollution Prevention

14.1

14.2

The analyzer uses small amounts of reagents, which reduces the quantity of wastes
significantly compared to manual methods or flow analyzers. The small packing size facilitates
the use of reagents during their shelf lives and thus reduces disposal cost of unused materials.

If reagents are self-prepared in the laboratory, the used amounts should be as small as possible.

15. Waste Management

15.1

15.2

Excess reagents, samples and method process wastes should be characterized and disposed of
in an acceptable manner according to local regulations.

The containers for cuvette and liquid waste must be emptied and rinsed with water at the end
of the day.
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17. Test protocols and performance data

17.1 Method performance tests were done with a Gallery test and system reagent 984648 following
this method. See chapter 11.

17.2 Method performance data

Method performance study was done in a single laboratory using reagent water based
standard samples, tap water samples and raw water samples from surface and ground water
sources. Results of this study are presented in the following tables and graphs. All acceptance
criteria of the method were met.

Notes: Although Thermo Fisher Scientific publishes method performance data, including
MDL and precision, we cannot guarantee that each laboratory will be capable of meeting
such performance. Individual laboratory and instrument conditions play a major role in
determining method performance. This support data serves as a guide to the potential method
performance. Some laboratories may not be able to reach this level of performance for
various reasons, while other laboratories may exceed it.

Calibration Curve - DW SO4 L
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Figure 1A. Example calibration curve for DW SO4 L -test.

Criteria for calibration: Recovery +10% or +20% when ¢ <2 x MRL.
Calibration curve correlation >0.998

Table 1A. Example results for QCS samples after calibration of DW SO4 L -test.

QCS-sample Result (mg/L) Recovery

S04 QCS 4 3.8 94 %

S04 QCS 18 18.1 101 %

Criteria for QCS: QCS sample %recovery: 90 - 110%
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Calibration Curve - DW SO4 H
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Figure 1B. Example calibration curve for DW SO4 H -test.
Criteria for calibration: Recovery +10% or +20% when ¢ <2 x MRL.
Calibration curve correlation >(0.998

Table 1B. Example results for QCS samples after calibration of DW SO4 H -test.

QCS-sample Result (mg/L) Recovery
S04 QCS 30 30.6 102 %
S04 QCS 90 96.8 108 %
Criteria for QCS: QCS sample %recovery: 90 - 110%
Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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Table 2. MDL results for DW SO4 Method. MDL was tested according to 40 CFR Part 136

Appendix B.

Sample: Result (mg/L) Result (mg/L)
0.5 mg/L LFB LRB

Average 0.61 0.44

Min 0.56 0.38

Max 0.70 0.55

n 7 7

Std. deviation (SD) 0.06 0.06

MDL (LFB /LRB) 0.80 0.63

MDL applied 0.80

Table 3. Results for MRL confirmation for Drinking Water Sulphate Method.

Sample Result (mg/L) Recovery

LFB 2.0 mg/L 1.80 90 %

LFB 2.0 mg/L 1.77 89 %

LFB 2.0 mg/L 1.87 93 %

LFB 2.0 mg/L 1.85 92 %

LFB 2.0 mg/L 1.88 94 %

LFB 2.0 mg/L 1.83 92 %

LFB 2.0 mg/L 1.85 93 %

Average 1.84 92 %

n 7

Std. deviation (SD) 0.039

HRPIR 0.154

Upper PIR Limit 99 % <150 % MRL 2.0 mg/L.
confirmed

Lower PIR Limit 84 % >50 % MRL 2.0 mg/L
confirmed

Criteria for PIR Limits:  The Upper PIR Limit must be < 150 %.
The Lower PIR Limit must be > 50 %

Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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Table 4. Results for operational range study.

Calibration range 0 - 20 mg/L

Nominal value, Result, Average
mg/L mg/L.  Recovery
0* 0.5
I 0.9 20 % All samples were analyzed in
2.0 1.8 20 % triplicates. Alls)o in\(;ViVidual ‘V}:E{ecoveries
5.0 4.9 97 % were within criteria.
10.0 10.4 104 %
15.0 15.4 102 %
18.0 18.3 102 %
20.0 20.0 100 %
30.0* 28.2 94 %
Calibration range 20 - 100 mg/L Extended range 100 - 500 mg/L
Nominal value, Result, Average | Nominal value, Result, Average
mg/L mg/L.  Recovery mg/L mg/L.  Recovery
18.0%* 17.8 99 % 70* 66 94 %
20.0 19.9 99 % 100 99 99 %
30.0 30.5 102 % 110 113 102 %
70.0 71.1 102 % 250 258 103 %
100.0 102.2 102 % 400 405 101 %
110.0* 116.3 106 % 500 503 101 %
550* 550 100 %

*) Above / below range limits

Criteria for operational
range:

Table 5. LRB result summary.

90 - 110 %Recovery for operational range standard
samples or 80 - 120 % when ¢ <2 x MRL

Sample: LRB Results (mg/L)
Avg. result 0.49
Min. result 0.38
Max. result 0.60
n 45
Limit LRB <1/2 x MRL <1.0
Criteria for LRB: <1/2x MRL

Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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Table 6. IPR Results for DW SO4 L and DW SO4 H tests. n = 4 per sample.

Average Min. Max.
Sample Test Recovery Recovery Recovery RSD
SO4 LFB 3 DW SO4 L 101 % 100 % 103 % 1.3 %
SO4 LFB 18 DW SO4 L 102 % 102 % 102 % 0.1 %
SO4 LFB 30 DW SO4 H 100 % 99 % 101 % 1.0 %
SO4 LFB 90 DW SO4 H 107 % 105 % 108 % 1.2 %
?%LFB 300l pwsosn  100% 99 % 101 % 1%
Criteria for IPR: Recovery 85 - 115 % or 80 - 120 % when ¢ is <2 x MRL

% RSD <10%
Table 7. OPR Results for DW SO4 method.

Average Min. Max.
Sample n Recovery Recovery Recovery RSD
SO4 LFB 3 28 92 % 89 % 98 % 23 %
SO4 LFB 4 17 93 % 89 % 95 % 1.9 %
SO4 LFB 18 44 101 % 100 % 102 % 0.5 %
SO4 LFB 30 21 103 % 98 % 106 % 1.9 %
SO4 LFB 90 21 102 % 98 % 108 % 2.6 %
SO4 LFB 300 o o o o
(dil. 1+4) 4 102 % 101 % 103 % 1.0 %
Criteria for OPR: Recovery 85 - 115 % or 80 - 120 % when ¢ <2 x MRL

%RSD < 10%
Table 8. CCV result summary.

Sample n Average Min. Max. RSD

Recovery Recovery Recovery
SO4 L-CCV LL . . . .
(2 mg/L) 14 93 % 90 % 96 % 1.8 %
S04 L-CCV MID o . . .
(10 mg/l) 43 103 % 101 % 105 % 1.3 %
S04 H-CCV MID . . . .
(50 mg/l) 13 103 % 101 % 107 % 1.7 %

Criteria for CCV: % Recovery 90 — 110% or 80 — 120 %, when c is <2 x MRL
Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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Table 9. LFM results for DW SO4 tests. D = duplicate sample.

Sample* Application Results, Theoretical Spike RPD
mg/L value, mg/l Recover
corrected for y
spike volume
Tap water 1 DW SO4 H 23.6 23.6
Tap water 1 +10 DW SO4 H 34.2 33.6 102 % 0.1 %
Tap water 1+10 D DW SO4 H 34.3 33.6 102 %
Tap water 1 +50 DW SO4 H 74.3 72.5 103 % 0.2 %
Tap water 1 +50 D DW SO4 H 74.4 72.5 103 %
Tap water 2 DW SO4 H 31.0 31.0
Tap water 2 +10 DW SO4 H 40.8 41.0 100 % 0.8 %
Tap water 2 +10 D DW SO4 H 40.5 41.0 99 %
Tap water 2 +50 DW SO4 H 79.3 79.5 100 % 0.6 %
Tap water 2 +50 D DW SO4 H 79.7 79.5 100 %
Tap water 3 DW SO4 L 6.5 6.5
Tap water 3 +10 DW SO4 L 17.2 16.5 105 % 0.9 %
Tap water 3 +10 D DW SO4 L 17.1 16.5 104 %
Tap water 3 +50 DW SO4 H 58.9 55.3 106 % 0.7 %
Tap water 3 +50 D DW SO4 H 59.3 55.3 107 %
Lake water 1 DW SO4 L 12.5 12.5
Lake water 1 +4 DW SO4 L 16.7 16.5 101 % 1.8 %
Lake water 1 +4 D DW SO4 L 16.4 16.5 99 %
Lake water 2 DW SO4 H 37.5 37.5
Lake water 2 +30 DW SO4 H 65.1 66.4 98 % 3.0 %
Lake water 2 +30 D DW SO4 H 63.2 66.4 95 %
Well water 1 DW SO4 L 6.2 6.2
Well water 1+4 DW SO4 L 10.4 10.2 102 % 0.7 %
Well water 1 +4 D DW SO4 L 10.3 10.2 101 %
Well water 2 DW SO4 H 23.8 23.8
Well water 2+30 DW SO4 H 50.9 53.1 96 % 48 %
Well water 2 +30 D DW SO4 H 48.5 52.6 92 %
Well water 3** DW SO4 H 40.7 40.7
Well water 3** +50 DW SO4 H 85.7 88.8 96 % 5.5 9
Well water 3**+50 D DW SO4 H 90.5 88.8 102 %
Criteria for LFM: %Recovery 85— 115%
%RPD: < 10%
Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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*) Samples: Treated drinking water sample from surface water source (Tap water 1), treated
drinking water sample from ground water source with high hardness of 251 mg CaCO3 / L (Tap
water 2), treated drinking water sample from surface water source with high total organic
carbon (TOC) of 2.3 mg/L (Tap water 3), two different surface waters (lake) and three different

ground waters (well).
**) Diluted manually 149 before spiking

Table 10. CRM results. n = 4 per sample

Sample ERA CRM 698

Nominal value, mg/L 249

Application DW SO4 L DW SO4 H
Dilution, 1+ 23.9 4.0
Average, mg/L 251 253
RSD 0.2% 0.3 %
Recovery 101 % 102 %
Criteria for CRM: Limits from the CRM certificate 207 — 284 mg/L

%Recovery: 85 - 115 % or 80 - 120 %, when c is <2 x MRL

Table 11. Correlation of the Gallery discrete analyzer method results with the reference method

results for tap water samples and a CRM sample.

Result Gallery  Result Reference

()
Sample Method, mg/L Method, mg/L 7oRecovery
CRM-ERA 698 252.9 242.7 104 %
Tap water 2 31.0 334 93 %
Tap water 3 6.5 6.2 104 %
Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
www.thermofisher.com
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APPENDIX A.

DW Sulphate Low test for the Gallery analyzer

thermo Test parameters Page 173

’ e \ Gallery™ * NSDWR application
DW SO4 L Version number 2 1
SCIGthIfIC ! ! Thermo Fisher Scientific Oy

Date 31.10.2023 Prior to change
Time 13.14.46 Software version:8.1.0.0
Info
Tag INT001 Barcode 2
Last time changed 31.10.2023 13.13 . ’
User name Test designer ! :,
Full name DW Sulphate Low HAEe o
In use No f}‘ ;
Type Photometric i
Online name .‘T'_ {r\: \
Acceptance Manual ! 5‘1!
Result unit mg/l b
Number of decimals 2
Correction factor 1 .
Correction bias 0
Sample type
Flow
Blank type Yes Primary dilution 1 + 0 Dispensed volume 160
Sample Volume (ul) Dispense with Extra volume (ul) Extra wash
120 Extra 40 No
Incubate Time (sec) Actual time (sec)
18 18
End-point blank  Blank resp. min.(A) Blank resp. max.(A)
Reagent Reagent Volume (ul) Dispense with Extra volume (ul) Syringe speed Replacing reagent
Sulphate R1 40 Extra 40 Normal None
Barcode ID Alarm limit (ml) Onboard stability (days)
767 2,0 5
Incubate Time (sec) Actual time (sec)
300 297
End-point Main wavelength (nm) Side wavelength (nm)  Residual net abs. (A)
measurement
420 None 0

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master

Thermo Fisher Scientific Oy

Ratastie 2, FI-01620, Vantaa, Finland
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thermo Test parameters Page 2/3

N T . Gallery™ * NSDWR application
DW SO4 L Vi b
SCIGthlfIC ersion number 2.1 Thermo Fisher Scientific Oy

Date 31.10.2023 Prior to change
Time 13.14.46 Software version:8.1.0.0
Dilution Limits
Dilution with Water Measuring range (mg/l) Next dilution ratio (1+)
Primary dilution 1 + 0 Min Max Low High
Primary dilution * * * *
2nd dilution * * * *
3rd dilution * * * *
4th dilution * * * *
Test limit . 20,000 mg/l
Critical limit . N mg/l
Init. abs. * 25 A
Calibration
Calibration type 2nd order Abs. error (A) *
Repeat time (days) 1 Rel. error (%) *
Points/calibrator Duplicate Factor limit min. *
Factor limit max. *
Acceptance Manual
Calibration order Ascending
Nbr Calibrator Current lot Concentration Dilution 1 + Coeff. of det. min. 0,998
1 S04-0 Default 0,000 0
2 S04 Low-cal Default 100,000 99
3 S04 Low-cal Default 100,000 49
4 S04 Low-cal Default 100,000 24
RSE max. (%) *
5 S04 Low-cal Default 100,000 12
6 S04 Low-cal Default 100,000 7
7 S04 Low-cal Default 100,000 5
8 S04 Low-cal Default 100,000 4
Qc

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master

Thermo Fisher Scientific Oy
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thermo Test parameters reoe 33
SCIentIfIC DW S04 L Version number 2 .1 'IG':!fn?; Fis:es;l:;vg:n:zzlgatlon
y

Date 31.10.2023 Prior to change
Time 13.14.46 Software version:8.1.0.0

Procedure CalQC QC profile S04 Cal QC

Interval type In use Yes

Requests Acceptance Manual

Time (hh:mm) 0.00 Trigger Manual,Calibration

Procedure cevie QCprofle so4ccviL
Interval type In use Yes

Requests Acceptance Manual

Time (hh:mm) 0.00 Trigger Manual,Start of run

Procedure Ongoing@C QCprofle so4L
Interval type Requests In use Yes

Requests 20 Acceptance Manual

Time (hh:mm) 0.00 Trigger Manual,Interval,Reagent lot change,Reagent vial

change,Start of run,End of run

Procedure Control Current Lot Conc. SD Req. count Run group
CalQC SO4LCCVM Default 10,00 0,500 1 All
CalQC SO4 CCV LL Default 2,00 0,200 1 All
CalQC S04 QCS 4 Default 4,00 0,400 1 All
CalQC S04 QCS 18 Default 18,00 0,900 1 All
CCV LL SO4 CCV LL Default 2,00 0,200 1 All
Ongoing QC SO4LCCVM Default 10,00 0,500 1 All
Ongoing QC LRB Default 0,00 0,500 1 All
Ongoing QC SO4 LFB 4 Default 4,00 0,400 1 1
Ongoing QC SO4 LFB 18 Default 18,00 1,350 1 2

Procedure Nbr of controls SD multiplier

Cal QC 1 2

CCV LL 1 2

Ongoing QC 1 2

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master

Thermo Fisher Scientific Oy
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DW Sulphate High test for the Gallery analyzer

Page 173

Test parameters
DW SO4 H

thermo
scientific

Gallery™ * NSDWR application
Thermo Fisher Scientific Oy

N

Version number 2,

Date 31.10.2023 Prior to change

Time 13.16.41 Software version:8.1.0.0

Info

Tag INTO02 -Barcode 1 Barcode 2

Last time changed 31.10.2023 13.13 i e R T "

. i A Y AR Py R .

User name Test designer ;}” : o .'1' bl ' r‘ e

Full name DW Sulphate High oy d '#f" g I L ”.ﬂ'

In use No ’ll‘ﬁr 1 J ' | Ill'll I:I tl ¥ i M

Type Photometric % s ! i & B bl III' ;*i ' i‘" fi 1
) 4 izl ] 1] 1l 1 1) 1

Online name il ) o il"' |: (-. &1, ; 'L*

Acceptance Manual ". h .,.I ol O " ll '.' y I \

Result unit mg/| }ﬂ. L I.' I|' ' F"I ”'. \

Number of decimals 2 : ; TRy (e b Ak

Correction factor 1 {-n‘“ b Ll !.# s L= 'I:l" |

Correction bias 0 u i LR 'ﬂ W "}” |5 ..ﬁ.
..:‘.II Ty { LI|II L Il :I‘l ilﬂ ‘III 1

Sample type

Flow

Blank type Yes Primary dilution 1 + 0 Dispensed volume 160
Sample Volume (pl) Dispense with Extra volume (ul) Extra wash
100 Water 20 No
Incubate Time (sec) Actual time (sec)
18 18

End-point blank  Blank resp. min.(A)

*

Reagent Reagent
Sulphate R1
Barcode ID
767
Incubate Time (sec)
300
End-point Main wavelength (nm)
measurement

420

Blank resp. max.(A)

*

Volume (pl)
40
Alarm limit (ml)

2,0

Actual time (sec)

297

Side wavelength (nm)

None

Dispense with
Extra 40
Onboard stability (days)

5

Residual net abs. (A)

0

Extra volume (ul)

Syringe speed

Normal None

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master

Replacing reagent

Thermo Fisher Scientific Oy
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thermo Test parameters |
. e . Gallery™ * NSDWR application
SClentl'ﬁC DW SO4 H Version number 2 .1 y PP
Thermo Fisher Scientific Oy
Date 31.10.2023 Prior to change
Time 13.16.41 Software version:8.1.0.0
Dilution Limits
. _— o (14
Dilution with Water Measuring range (mg/l) Next dilution ratio (1+)
Primary dilution 1 + 0 Min Max Low High
Primary dilution * 100,000 * 4,0
2nd dilution * * * *
3rd dilution * * * *
4th dilution * * * *
Test limit 20,000 500,000 mg/l
Critical limit * * mg/l
Init. abs. * 2,5 A
Calibration
Calibration type 2nd order Abs. error (A) *
Repeat time (days) 1 Rel. error (%) *
Points/calibrator Duplicate Factor limit min. *
Factor limit max. *
Acceptance Manual
Calibration order Ascending
Nbr Calibrator Current lot Concentration Dilution 1 + Coeff. of det. min. 0,998
1 S04 High-cal Default 500,000 24
2 S04 High-cal Default 500,000 12
3 S04 High-cal Default 500,000 7
4 S04 High-cal Default 500,000 5
RSE max. (%) *
5 S04 High-cal Default 500,000 4
QC

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master
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thermo Test parameters :n""?" 33
SCIeﬂtIfIC DW S04 H Version number 2,1 f:rr:; Fis:jzvg:n:zzlgitlon
Date 31.10.2023 Prior to change
Time 13.16.41 Software version:8.1.0.0

Procedure CalQC QC profile S04 Cal QC

Interval type In use Yes

Requests Acceptance Manual

Time (hh:mm) 0.00 Trigger Manual,Calibration

Procedure OngoingaC QCprofle so4H
Interval type Requests In use Yes

Requests 20 Acceptance Manual

Time (hh:mm) 0.00 Trigger Manual,Interval,Reagent lot change,Reagent vial

change,Start of run,End of run

Procedure Control Current Lot Conc. SD Req. count Run group
CalQC SO4HCCVM Default 50,00 2,500 1 All
CalQC S04 QCS 30 Default 30,00 1,500 1 All
Cal QC S04 QCS 90 Default 90,00 4,500 1 All
Ongoing QC SO4HCCVM Default 50,00 2,500 1 All
Ongoing QC SO4 LFB 30 Default 30,00 2,250 1 1
Ongoing QC SO4 LFB 90 Default 90,00 6,750 1 2

Procedure Nbr of controls SD multiplier

CalQC 1 2

Ongoing QC 1 2

*) Gallery™ includes Gallery. Gallery Aqua Master. Gallery Plus and Gallery Plus Aqua Master
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