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DRINKING WATER METHOD:

Drinking Water Orthophosphate for Thermo
Scientific Gallery Discrete Analyzer

Name of the method: Drinking Water Orthophosphate

Reference:

Standard Methods (SM) 4500-P E. Phosphorous #thsrzoAcid
Method'. EPA approved method under 40 C.F.R. § 141.23i¢Nalt
Primary Drinking Water Regulations, NPDWR, basedSBDWA, Safe
Drinking Water Act).

Intended use: This paper presents Drinking Water Orthophosphagéhod for Thermo

Scientific™ Gallery™ discrete analyzer. The metheals designed to
follow the standard method SM 4500-P E. as cloaslgossible.

Revision number: 5
Revision date (mm/dd/yyyy): 02/18/2016 (Editorial revision date 08/22/2017)

1. Scope and Application

11

12
13

This automated method covers the determinationrthiophosphate (CAS: 14265-44-2) in
drinking water with the Thermo Scientific Galleriscrete analyzer.

The method is based on reaction that is specifithi® orthophosphate ion.

The applicable range for this method is from 0.012%.5 mg P/L. An extension of the
range to 5 mg P/L is achieved when 1:10 automaitatah is used. The automated dilution
feature must be confirmed with acceptable anabfstgiality control samples by the user.

2. Summary of Method

21

2.2

Ammonium molybdate and antimony potassium tartratect in an acidic medium with
dilute solutions of phosphorous to form an antimphgspho-molybdate complex. This
complex is reduced to an intensely blue-colored giern by ascorbic acid. The color is
proportional to the orthophosphate concentration.

Only orthophosphate forms a blue color in the t&ilyphosphates (and some organic
phosphate compounds) may be converted to the drtispbate form by sulfuric acid
hydrolysis. Organic phosphate compounds may beerten to the orthophosphate form by
persulfate digestion. These conversion methodaa@reovered in this method.

3. Definitions

31

Units and symbols from the international metrictegs (Sl) are used. Definitions, acronyms,
and abbreviations are explained as they occuhfofitst time.
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4. Interferences

4.1

4.2

4.3

4.4

5. Safety

51

52

No interference is caused by copper, iron or siet concentrations many times greater
than their reported concentration in seawater. Hewehigh iron concentrations can cause
precipitation of, and subsequent loss, of phospi®ro

Arsenates react with the molybdate reagent to m®a@ublue color similar to that formed
with orthophosphate. Thus, it should be considevhdn present in concentrations higher
than orthophosphate. Concentrations as low as OdL ntan interfere with the
orthophosphate determination.

Hexavalent chromium and nitrite-ion can interferghwthe orthophosphate determination
yielding in approximately 3 % lower results at centrations of 1 mg/L and 10 % to 15 %
lower results at 10 mg/L concentrations.

Sample turbidity is not to be removed by filtratiprior to analysis for orthophosphate,
unless dissolved reactive phosphorous is studiathps for total phosphorous may be
filtered only after digestion. Sample color thataibs in the photometric range used for
analysis will also interfere. The sample blank isasured automatically in the application
for sample color and turbidity correction.

The toxicity and carcinogenicity of each reagergdus this method have not been fully
established. Each chemical should be regarded @semtial health hazard and exposure
should be as low as reasonably achievable.

The following chemicals have the potential to beidoor hazardous. Consult MSDS
(Material Safety Data Sheet) for details.

5.21 Sulfuric acid (in Phosphate R1) (CAS# 7664-93-9)

5.22 Ammonium molybdate tetrahydrate (in Phosphate RRS# 12027-67-7)
5.23 Antimony potassium tartrate (in Phosphate R1) (CR8200-74-5)

5.24 Ascorbic acid (in Phosphate R2) (CAS# 50-81-7)

5.25 Potassium phosphate monobasic (CAS# 7778-77-0)

6. Equipment and Supplies

6.1
6.2

6.3

6.4
6.5

Balance: Analytical, capable of accurately weighimghe nearest 0.0001 g.

Water purification system for producing suitabletevafor autoanalyzers. Refer to analyzer
user manual.

Thermo Scientific Gallery, automated photometriccdéte analyzer. Later referred as
Gallery.

Filter, wavelength 880 nm.

DECACELL™ Cuvettes for Gallery. DECACELL cuvettesust always be used with
Gallery. Cuvettes are for single use only. Ordedade 986540.

Thermo Fisher Scientific, Clinical Diagnostics Systems, Discrete Industrial Analyzers

D16396_05A

Page 2 of 21



ThermoFisher
SCIENTIFIC

6.6 Washing solution 4.5 % hypochlorite solution, 4 8 &L, is used for daily analyzer
cleansing. Ordering code 984030 (4 x 20 ml).

7. Reagents and Standards

Reagents for Gallery: THERMO SCIENTIFIC ORDERIN®DBES
984366 Phosphate R1, 4 x 20 mL
984367 Phosphate R1, 20 x 20 mL
984368 Phosphate R2, 4 x 20 mL
Standards for Gallery: THERMO SCIENTIFIC ORDERIN®DES
984729 Phosphate (as P) Std, 1000 ppm, 500 mL
984726 Phosphate (as PO4) Std, 1000 ppm, 500 mL

7.1 Preparation of reagents and standard solutionsedefmdt this method is described under.
Also ready to use reagents and standard solutienavailable for this method.

7.2 Reagent water Distilled or deionized water, free of the analgff interest. Water stored in
bottles should be substituted by fresh water afiterweek.

7.3 Phosphate Rt— Prepared by adding 15 mL of ammonium molybdaikit®n (20 g
(NH4)eM0,0,44H,0 /500 mL water) to 50 mL of sulfuric acid solutiof0 mL conc. HSO,
/500 mL water) followed by 5 mL addition of antimppotassium tartrate solution (1.5 g
K(SbO)GH4Og¥2H,0O /500 mL water) to this mixture.

7.4 Phosphate R2- Ascorbic acid solution containing 1.76 g of abio acid in 100 mL water.
This solution is stable for 5 days when refrigeddtetween 2 -8 °C.

7.5 Phosphate Standard (stock), 1000 mg /1984729 Phosphate standard 1000 mg/L (as P),
or other certified stock solution, is for calibrggithe Gallery analyzer. For a self made
standard (stock) solution, dissolve 0.4394 g ofdpesl (105 °C for one hour) potassium
phosphate monobasic (KPIO,) in distilled water and dilute to 100 mL.

7.6 Phosphate calibration solutiors Prepare an appropriate series of standards lotindj
suitable volumes of Phosphate Standard (stock) wighilled water, or use automated
Gallery calibration dilution feature.

7.7 Quality Control Sample (QCS} A second source standard from an external spage
984726 Phosphate (as PO4) Std, 1000 ppm (326.2 apnP). Dilute to appropriate
concentration with distilled water. Do not use §fittate calibration solutions as QCS-
samples.

7.8 Laboratory Fortified Blank (LFB}— A certified standard stock solution e.g. Phospl{as
PO4) Std, 1000 ppm (326.2 ppm as P) or a self m&#Bestock solution is used for LFB
samples. Dilute to appropriate concentration wiistilted water. Do not use Phosphate
calibration solutions as LFB-samples.
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8. Sample Collection, Preservation, and Storage

8.1

8.2

Sample containers may be of plastic material orPgfex glass. All bottles must be
thoroughly cleaned and rinsed with distilled wakéslume collected should be sufficient to
insure a representative sample, allow for replieat@lysis (if required), and minimize waste
disposal. Do not store samples containing low comatons of phosphorous in plastic
bottles because orthophosphates may be adsoritieel Wwalls of plastic bottles.

Samples should be analyzed as soon as possibéx, adllection, within 48 hours at
maximum. Samples must be cooled and maintained@t 4

9. Quality Control

9.1

9.2

Quality control (QC) program— Each laboratory using this method is requiredgerate a
formal quality control (QC) program. The minimunguérements of this program consist of
an initial demonstration of laboratory capabilitpydathe periodic analysis of laboratory
reagent blanks, continuing calibration check stea&ldortified blanks and fortified samples
as duplicates as a continuing check on performaRoe.laboratory is required to maintain
performance records that define the quality ofdat generated.

The initial demonstration of capability (IDG)}- IDC is used to characterize analyzer
performance in an individual laboratory by deteration of calibration curve and analysis of
quality control samples (QCS) and laboratory pernfamce by determination of method
detection limit (MDL), minimum reporting level (MRLand the initial precision and

recovery (IPR) test.

9.21 Calibration Curve— Calibration curve must be determined initialydareanalyzed
at least every six months or whenever a significdr@inge in analyzer response is
observed or expected. The calibration curve mustauminimum of five standards
and a blank to ensure that the resulting curviteddfcorrectly. The Gallery analyzer
fits the calibration first as a linear curve. Theeucan then fit the calibration to 2nd
degree curve, if the fitting is better thereby. Témrrelation coefficient of the
calibration curve should be equal to or greaten th@95.

9.22 Quality Control Sample (QCS) When beginning the use of this method, whenever
new standard materials are used, on a quarterlg bbasas required to meet data-
quality needs, verify the calibration standards ancdeptable analyzer performance
with the analyses of a secondary standard sol(f@s) from an external source. If
the determined concentrations are not within + 150%6+ 20 % when the
concentration i< 2x MRL of the stated values, performance of theemeinative
step of the method is unacceptable. The sourdeegbtoblem must be identified and
corrected before proceeding with the initial deteation of MDL or continuing
with on-going analyses.

9.23 Method Detection Limit (MDl) — An MDL should be established using reagent
water (blank) fortified at a concentration of oon€fite times the estimated detection
limit (MDLest). The estimate is calculated as thtieees the standard deviation of
replicate measurements of the analyte in reagetetrwa
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9.24

MDLest = 3 x (SQ)

where SQ= standard deviation of the replicate analysedQhof reagent
water.

Prepare a laboratory fortified blank sample (LFBa @oncentration which is at least
equal to or in the same concentration range aggtimated method detection limit
(recommended 1 — 5 x MDLest). Perform all calcolagi defined in the method and
report the concentration values in the approptiaits. Each individual result must
be within 70 — 130 % of the theoretical value. Qklte the MDL as follows:

MDL = (t) x (SD)

where t= Student's t-value for a 99 % confiddeeel and a standard
deviation estimate with n-1 degrees of freedbm3.14 for
7 replicates]
SD =  standard deviation of the replicate analyses

MDL should be determined every six months, whemwa nperator begins work, or
whenever there is a significant change in the bexekyd or analyzer response.

Minimum Reporting Level (MRL) Confirmatioa- The minimum concentration that
can be reported by a laboratory as a quantifiedevédr the method analyte in a
sample following analysis. The MRL must be at ooabthe level of the lowest
fortified calibrator, where it must meet the crideset for MRL confirmation. It
would also have to be considered that criterial fvoratory Reagent Blank (LRB)
must be met (LRB: 1/3 x MRL).

Fortify and analyze seven replicate LFBs at thgppsed MRL concentration.
Calculate the meanMean) and standard deviation (SD) for these replicates.
Determine the Half Range for the Prediction IntéofdResults (HRr):

HRP|R = 3.963 X (SD)

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

Calculate the upper and lower limits for the Pradit Interval of Results (PIR =
Mean +HRpr) from the results and confirm that the results tmébe criteria.
Accepted results confirm the MRL to be valid.

Mean + HR;»
Fortified Concentration

PIRUpper Limit = x100

Mean - HR, 5
Fortified Concentration

PIR Lower Limit = x100

Criteria: The Upper PIR Limit must be150 % Recovery.
The Lower PIR Limit must be 50 % Recovery
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9.25

Initial Precision and Recovery (IPR}- For initial precision and recovery test the

laboratory should analyze four replicate volumeseafgent water spiked with the
analyte of interest (LFB). Calculate accuracy asg@ recovery and precision as
relative standard deviation (% RSD) as shown under.

n __ 2
%RID :ﬂ)x ZM
X i=1 n_l

where X = mean of replicate measurements
Xi= measured value of the replicate
n= number of replicates
C, -
Recovengo = x100
S
where Cs= spiked sample concentration
C= sample background concentration
s= concentration equivalent of analyte addeshtaple

Criteria for % Recovery: £15% (or 85 - 115 %), wheis > 2 x MRL and
+20% (or 80 - 120 %), when c422 x MRL
Criteria for % RSD: +15%

9.3 Assessing laboratory performance with ongoing Qsuies the use of Laboratory Reagent
Blank (LRB), Laboratory Fortified Blank (LFB), Labatory Fortified Matrix (LFM) and
Continuing Calibration Check (CCC) samples. Qualigntrol Samples (QCS) are analyzed
periodically.

931

932

Laboratory Reagent Blank (LRB}- The laboratory should analyze at least one LRB
with each batch of samples. Data produced are tasaskess contamination from the
laboratory environment.

Criteria for LRB: Must be below 1/3 of MRL

Laboratory Fortified Blank (LFB}— The laboratory should analyze at least one LFB
with each batch of samples. Calculate accuracyeasept recovery as shown in
9.2.5. If the recovery of any analyte falls outsitie required control limits, the
source of the problem should be identified and lvesbbefore continuing analyses.
LFB analyses data is used to assess laboratorgrpehce against the required
control limits.

Criteria for % Recovery:  +15% (or 85 - 115 %), wheis > 2 x MRL and
+20% (or 80 - 120 %), when c42 x MRL

Thermo Fisher Scientific, Clinical Diagnostics Systems, Discrete Industrial Analyzers

D16396_05A

Page 6 of 21



ThermoFisher
SCIENTIFIC

9.33

9.34

Continuing Calibration Check (CCGY For all determinations the laboratory should
analyze the CCC (a mid-range check standard) ardilzration blank immediately
following calibration, after every tenth sample aatdthe beginning and end of the
sample run. Analysis of the CCC solution and calion blank immediately
following calibration must verify that the analyzisrwithin + 10 % of calibration.
Subsequent analyses of the CCC solution must verécalibration is still within
10 %. This procedure is done automatically by thalyzer.Note: Application has
manual result acceptance instead of automatic saep to ensure CCC protocol is
followed.

If the calibration cannot be verified within thenits specified in the application, the
analyzer gives a message of outlier result. In suade reanalyze the CCC solution
by triggering the Ongoing QC procedure. If the secanalysis of the CCC solution
confirms calibration to be outside the limits, sén@nalysis must be discontinued,
the cause determined and/or in the case of defattalyzer recalibrated. All samples
following the last acceptable CCC solution mustré@nalyzed, even if the resumed
CCC is acceptable. The analysis data of the céiliorélank and CCC solution must
be kept on file with the sample analyses data.

Criteria for % Recovery:  +10% (or 90 -110 %)

Laboratory Fortified Matrix Sample (LFMjalso termed Matrix Spike, MS and
Matrix Spike Duplicate MSD) — The laboratory mustdaa known amount of
analyte to a minimum of 10% of the routine sampldge analyte concentration must
be high enough to be detected above the origimapkaand should not be less than
four times the MDL. The added analyte concentrasbhould be the same as that
used in the laboratory fortified blank in sectia3.9.

Calculate the percent recovery for each analyterected for concentrations

measured in the unfortified sample, and comparsetialues to the designated LFM
recovery range 85-115 %. If the recovery of anylydadalls outside the designated
LFM recovery range and the laboratory performamecetat analyte is shown to be
in control, the recovery problem encountered wite LFM is judged to be either

matrix or solution related, not system related. Gadlery analyzer has a standard
addition feature for difficult sample matrixes.

(C.¥)-C

LFM Recoveryo, R = x100

where G = spiked sample concentration
f = spike dilution correction
C = sample background concentration
s = concentration equivalent of analyte addezhtaple

Note: If the added spike volume is less than 1% of tal LFM sample volume, the
factor f can be excluded.

Criteria: LFM % Recovery: +15%
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The precision of the LFM determinations is asse&gecheasuring LFM samples as
duplicates (LFMD also termed Matrix Spike DuplicateMSD). Precision is then
calculated as follows:

LFM - LFMD

0, =
#oRPD 100x1/2X(LF|\/| + LFMD)

where LFM = analyte concentration measured in Ld&vhple
LFMD = analyte concentration measured in LFM dhgik

Criteria: % RPD +20%

9.35 Quality Control Samples (QCS)- Standard solution samples (9.2.2), that must
reach laboratory acceptance criteria are analyz#éd each calibration, whenever
new standard materials are used, on a quarterig basas required to meet data-
quality needs in addition to the IDC measurements.

Criteria for % Recovery: +15% (or 85 - 115 %), weis > 2 x MRL and
+20% (or 80 - 120 %), when c42 x MRL

10. Calibration and Standar dization

10.1

10.2
10.3

104

Dilute Phosphate standard (stock) (7.5) with detilwater to get a suitable phosphate
standard for calibration. Use the automated Galleajibration dilution feature for a
calibration curve. Alternatively, prepare a serwdsat least five standards, covering the
desired range, and a blank, for a calibration curve

Process standards and blanks as described in 5&4ti® Procedure.

The Gallery analyzer plots automatically the anatyzesponses against standard
concentrations. The user must accept this caltwatiurve before the analyzer starts to
measure blanks and samples. The calibration ctioel@oefficient shall be equal to or
greater than 0.995.

After the calibration has been established, it nigstverified by the analysis of a suitable
control sample (QCS). If measurements exceed + 1&f ¥he established LFB value, the
analysis should be terminated and the analyzetibeaied. Periodic reanalysis of the QCS is
recommended quarterly at minimum. Ongoing QC issdamtomatically by the analyzer and
it includes analyzing LRB, CCC and LFB samples wéthch batch of ten samples. In
addition LFM samples are to be done in duplicatiés every batch of ten samples.
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11. Procedure

11.1 Preparation before analysis — Add all required eedsy samples, other consumables and
requests for tests following the analyzer instutdi according to the manufacturer.

11.2 The reagents and samples needed for the analysidisgrensed automatically according to
the pre-defined application to single-use cuvetté¢gere all the reactions and measurements
take place.

11.3 Gallery Drinking Water Orthophosphate test flow -8 T20 pL of sample or standard or
blank 14 pL of Phosphate R1 is added and solusionixed. After blank measurement, 6 uL
of Phosphate R2 is added and solution is mixeter&f minutes incubation, the absorbance
is measured at 880 nm. Suggested application isrsiroAppendix A.

12. Data Analysisand Calculation

121 The Gallery analyzer plots automatically the anatyzesponses against standard
concentrations to create a calibration curve. Tiie@yaer computes sample concentration by
comparing sample response with the standard curve.

12.2 Results are reported in mg P/L.

13. Method Performance

13.1 According to a validation study of the Gallery Dkimg Water Orthophosphate method,
single laboratory result for MDL was 0.00036 mg RAd MRL was confirmed to be 0.0125
mg P/L. Initial precision was analyzed to be 0.1.0 % RSD and accuracy 102-103 %
Recovery at concentrations 0.1 - 0.4 mg P/L.

13.2 Precision for LFB samples was 0.2 — 1.1 % RSD amd_FM samples 0.1 — 0.7 % RSD
corresponding to sample concentrations 0.1 — 0.4 g

13.3 Accuracy for LFB samples was 102 — 103 % Recovewy far LFM samples 92 — 98 %
Recovery corresponding to sample concentrations 0.4 mg P/L.

13.4 % Recovery for CCC was 100 — 105 % and LRB was ydvielow 1/3 MRL.

13.5 Method limits for LFB and LFM samples are 15 % R&Mml 85 - 115 % Recovery and for
CCC 90 - 110 % Recovery. LRB must be below 1/3 MRL.

14. Pollution Prevention

141 The analyzer uses small amounts of reagents, wheduces the quantity of wastes
significantly compared to manual methods or flonalgmers. The small packing size
facilitates the use of reagents during their slvdt and thus reduces disposal cost of unused
materials.
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15. Waste M anagement

15.1 Excess reagents, samples and method process whsidd be characterized and disposed

of in an acceptable manner.

15.2 The containers for cuvette and liquid waste mustroptied and rinsed with water at the end

of the day.

16. References
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17. Tables, diagrams, flowchartsand validation data
17.1 Suggested test parameters and test flow for Galeinking Water Orthophosphate method
are presented in Appendix A.
17.2 Method performance data
17.2.1 Calibration and QCS-samples
Calibration curve was prepared between 0 - 0.5 fagd? DW o0-PO4P application.

Calibration was done with automatic dilution frononking standard solution of 1.5
mg P/l and laboratory reagent water. Calibratios werified with QCS-samples.

Calibration Curve for DW o-PO4P
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Figure 1. Calibration curve for DW 0-PO4P applioati

Table 1. Results for Phosphate QCS-samples afiieration.

Orthophosphate as phosphor ous
QCS-sample Duplicate% RSD % Recovery
PO4P 0.mg/L 0.13 % 96 %
PO4P 0.mg/L 0.19 % 102 %

17.2.2 Method Detection Limit (MDL)

MDL was established using reagent water (blank}iffed at a concentration

approximately five times the estimated detectionitliMDLest). The estimate was
calculated as three times the standard deviatioreplicate measurements of the
analyte in reagent water.

MDLest = 3 x (Sl

where SQ= standard deviation of the replicate analysedQhof reagent
water.
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Table 2. Values for determining MDLest for DW o-FOdpplication.

Sample Results (mg/L)
LRB min. 0.001800
LRB max 0.00212:
Averagt 0.0018t

n 10

std. deviation (SC 0.0001z
MDLest calculate 0.000402
MDL est assigned 0.0022

Note: The MDLest had to be assigned higher than theutzikd MDLest, because
the highest individual LRB result of this test wass high as 0.002122 mg P/L, and
criteria for LRB sample in this test is, that ibsitd never be above the MDL est.

A laboratory fortified blank sample (LFB) at a centration which was
approximately five times the MDLest, was analyzed seven replicates. Each
individual result had to be within 70 — 130 % o€ ttheoretical value. MDL was
calculated as follows:

MDL = (t) x (SD)

where t= Student's t-value for a 99 % confiddegel and a standard
deviation estimate with n-1 degrees of freedbm3.14 for
7 replicates]
SD =  standard deviation of the replicate analyses

Table 3. Values for determining MDL for DW o-PO4phcation.

Sample Result (mg/L) % Recovery
LFB 0.01 mg/L PO4F 0.0079: 79 %
LFB 0.01 mg/L PO4F 0.00791 79 %
LFB 0.01 mg/L PO4F 0.0079¢ 80 %
LFB 0.01 mg/L PO4F 0.0076¢ 77 %
LFB 0.01 mg/L PO4F 0.0079¢ 80 %
LFB 0.01 mg/L PO4F 0.0080: 80 %
LFB 0.01 mg/L PO4F 0.0079: 80 %
Average 0.007919 79%
n 7

Std. deviation (SC 0.000114

% RSLC 45%

MDL 0.00036

Thermo Fisher Scientific, Clinical Diagnostics Systems, Discrete Industrial Analyzers
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17.2.3 Minimum Reporting Level (MRL)

Seven replicate LFBs were analyzed at the propbBed concentration.

The meanNlean) and standard deviation (s) for these replicateewalculated. The
Half Range for the Prediction Interval of ResultiRfr) was determined using the
equation:

HRer = 3.963 X (SD)

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

The upper and lower limits for the Prediction Intdrof Results (PIR =Mean
+HRpRr) Were calculated from the results.

Mean + HR, 5
Fortified Concentration

PIRUpper Limit = x100

Mean - HR;
Fortified Concentration

PIR Lower Limit = x100

Criteria: The Upper PIR Limit must k150 % Recovery.
The Lower PIR Limit must be 50 % Recovery

Table 4. Results for MRL confirmation for DW o-PO4pplication.

Sample Result (mg P/L) % Recovery
LFB 0.01 mg/L PO4F 0.0100¢ 101 %
LFB 0.01 mg/L PO4F 0.0096¢ 97 %
LFB 0.01 mg/L PO4F 0.009%7 96 %
LFB 0.01 mg/L PO4F 0.0093¢ 94 %
LFB 0.01 mg/L PO4F 0.0098¢ 99 %
LFB 0.01 mg/L PO4F 0.009¢2 96 %
LFB 0.01 mg/L PO4F 0.009¢€1 96 %
average 0.0096¢ 97 %
n 7

std. deviation SD) 0.00023:

HRpr 0.00092:

Upper PIR Limit 106.1 % <150 %
Lower PIR Limit 87.7% >50%
% RSC 2.4 %

Calculated limits met the criteria and confirmed MRL to be valid.
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17.2.4 Initial Precision and Recovery (IPR)

Four replicate volumes of reagent water spiked \lith analyte of interest (LFB)
were analyzed at three different concentrationsRégcovery and % RSD were
calculated. Results are shown in the followingeabl

Criteria for % Recovery: 85 % - 115 %, when ¢ i8 * MRL and

80 % - 120 %, when c 2 x MRL
Criteria for % RSD: +15%

Table 5. Results for initial precision and recov@BR) for DW 0-PO4P application.

Sample Result (mg P/L) % Recovery
LFB 0.1 mg/L 0.1027 103 %
LFB 0.1 mg/L 0.102¢ 103 %
LFB 0.1 mg/L 0.1027 103 %
LFB 0.1 mg/L 0.102¢ 103 %
Average 0.1027 103 %
Std.deviation 0.000074

% RSD 0.1%

Acceptable YES YES
LFB C.3 mg/L POA4F 0.305¢ 102 %
LFB 0.3 mg/L POA4F 0.302(C 101 %
LFB 0.3 mg/L POA4F 0.309¢ 103 %
LFB C.3 mg/L POA4F 0.3051 102 %
Average 0.3056 102 %
Std.deviation 0.0031

% RSD 1.0%

Acceptable YES YES
LFB 0.4 mg/L 0.407¢ 102 %
LFB 0.4 mg/L 0.408: 102 %
LFB 0.4 mg/L 0.408¢ 102 %
LFB 0.4 mg/L 0.408: 102 %
Average 0.4082 102 %
Std.deviation 0.00059

% RSD 0.1%

Acceptable YES YES
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17.2.5 Precision and accuracy from LFB samples

Precision (%RSD) and accuracy (% Recovery) wererdehed using LFB samples
at 0.1, 0.3 and 0.4 mg/L concentrations. Resudishown in the following table.

Criteria for % Recovery: 85 - 115 %, when c is * IRL and

80 - 120 %, when c is2 x MRL

Criteria for % RSD: +15%

Table 6. Precision and accuracy data for DW o-P@pi#tication.

17.2.6

Sample: PO4F-LFB 0.1 PO4F-LFB 0.2 PO4F-LFB 0.4
Concentration: 0.1 mg P/L 0.3 mg P/L 0.4 mg P/L
Average 0.10z 0.30% 0.40¢

n 10 10 1C
Std.deviation 0.0002: 0.0032: 0.0007"

% RSD 0.2% 1.1% 0.2%
Avg. % Recovery 103 % 102 % 102 %
Acceptable YES YES YES

Precision and accuracy from LFM samples

Laboratory Fortified Matrix (LFM) samples were paepd by spiking three different
tap water samples with Phosphate standard soltgi@ain spike concentrations of
0.1 and 0.4 mg P/L for each sample. The analyteaxdnations were high enough to
be detected above the original sample and werdesetthan four times the MDL.
The added analyte concentrations were chosen ttoebgame as those used for LFB.
Precision was estimated by analyzing four repleaad calculating the %RSD.
Accuracy was estimated from LFM and correspondingspiked samples by
analyzing them and calculating the % Recovery udimg following equation.
Results for LFM precision and accuracy are showtalite 9.

100

LFM Recoverys, R=Cs 1D ~C
S

where G = spiked sample concentration
f = spike dilution correction
C = sample background concentration
s = concentration equivalent of analyte addeshtaple

Note: Because the added spike volume was less than litxe dbtal LFM sample
volume (0.4 % and 0.12 % of total LFM sample voljmée factor f could be
excluded.

Criteria for LFM % Recovery: 85 - 115 %, when ¢ig x MRL and
80 - 120 %, when c 2 X MRL

Criteria for LFM % RSD: +15%
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Table 7. Laboratory Fortified Matrix (LFM) samplesults for DW 0-PO4 application.

Sample Result Spike. % % RSD. Acceptable
avg.n=3 mgP/L Recovery n=3
(mg P/L)
TW-02 0.002:
TW-02 +0.1 mg/IPO4F  0.094¢ 0.1¢ 92 % 0.7 % YES
TW-02 +0.4 mg/IPO4F  0.390¢ 0.4C 97 % 0.1% YES
TW-03 0.002¢
TW-03 +0.1 mg/IPO4F  0.094« 0.1¢ 92 % 0.3% YES
TW-03 +0.4 mg/IPO4F  0.294Z 0.4C 98 % 0.2% YES
TW-04 0.002¢
TW-04 +0.1mg/I PO4F 0.098¢ 0.1¢ 96 % 0.7 % YES
TW-04 +0.4mgL PO4F 0.375¢ 0.4C 93 % 0.3% YES
Average 95 % 0.4% YES

17.2.7 Continues Calibration Check (CCC)

Continues Calibration Check (CCC) solution was yred in intervals of every 10th
sample, at the beginning and end of run. CCC sammbeentration was from the
mid calibration area — 0.25 mg P/L. CCC sampleltassummary is in table 10.

Criteria for CCC % Recovery:

90 -110%

Table 8. PO4P CCC result summaBample PO4P CCC, concentration 0.25 mg/L.

Analyzer 1
Average 0.254
% Recovery 102 %
n 20
Std.deviation 0.00z3
% RSD 1.29 %
Minimum result 0.24¢
Maximum result 0.261
Acceptable YES

Analyzer 2

0.25¢
102 %
6
0.004¢&
1.87 %
0.252
0.261
YES
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17.3 The validation study results showed the Drinkingt®¥®rthophosphate method for Thermo
Scientific Gallery discrete analyzer is equallyeeffve in meeting the QC acceptance criteria
given in the reference method.

Table 9. Performance of the Drinking Water Orthaggdtate method for Thermo Scientific Gallery

discrete analyzer compared to reference methogtauee criteria.

QC acceptance criteriafor SM 4500-P E

Perfor mance of DW o-POA4P for
Gallery analyzer

Minimum detectable concentration: 10
P/

Recovery IPR: NA (laboratory specific)
% Recovery CCC:90-110%
Recovery LFB: Mean + 3 x SD ¢20)
Recovery LFM: NA (laboratory specific)

% RSD IPR: NA (laboratory specific)
% RSD LFB: NA (laboratory specific)
% RPD LFM: NA (laboratory specific)

Method Blank< %2 x MRL

MDL calculated: 0.000: mg P/L
MRL: 0.0125 mg P/L

% Recovery IPR: 102 — 103%

% Recovery CCC: 100 — 105%
% Recovery LFB: 102 — 103%
% Recovery LFM: 92 — 98 %

% RSD IPR: 0.1 -1.0%
% RSD LFB: 0.2-1.1%
% RSD LFM: 0.1 -0.7 %

Method Blank (LRB)<1/3 x MRL

Thermo Fisher Scientific, Clinical Diagnostics Systems, Discrete Industrial Analyzers

D16396_05A

Page 17 of 21



ThermoFisher

SCIE
APPENDI

N T1FI
XA.

DW 0-PO4P application for the Gallery analyzer
Test parameters

thermo

Page 174

> b ] Gallery™ NPDWR application
SClentlfIC DW o-PO4P Version number 1.1 Thermo Fisher Scientific Oy
Date 11.5.2017 User Test designer Prior to change
Time 15-33-45 Software version: 6.0.1
info
Tag INTOO1
Last time changed 1152017 1529 Barcode 1 —
User name Test designer "::’I'Ela. t b i ,H-, mit P
Full name DW Orthophosphate i KR 7" |
In use Yes L W "H"I."':*"l'ﬁv. i
Type Photometric L "I :“ :‘.-ﬁ ! l l
Online name ‘;.r 1 " h" P ) iy
Acceptance Manual I'-. :‘1 1 ;:'.E : b st .’"-qI ]
Result unit mg PIL H'f RN 3 : m#_?l e
Number of decimals 3 Ja) i d' K r‘l }"I_ﬁ 1
Correction factor 1 st My i b by b i
“- by e I“_J Lo T )

Correction bias 0 b R L) HaL UI

UL AT R RRAT R M P W
Sample type
Fow

Blank type Yes Primary diluton 1+ 0 Dispensed volume 140
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Gallery™ NPDWR application

1 [ DW o-PO4P Version number 1 . 1 . e
SCIGthIﬁC : Therma Fisher Scientific Oy
Date 11.5.2017 User Test designer Frior to change
Time 15-33-45 Software version: 6.0.1

Sample Yolume {pl) Dispense with Extra volume {ul) Extra wash
120 Extra 60 No
Incubate Time (sec) Actual time (sec)
18 18
End-point blank Blank resp. min_ (A) Blank resp. max.(A)
Feagent Reagent Volume (pl) Dispense with Extra volume (pl) Syringe speed Replacing reagent
Phosphate R1 14 Extra 20 Normal Mone
Barcode 1D Alarm limit (ml} COnboard stability (days)
Ad4 20 5
Incubate Time (sec) Actual time (sec)
120 117
Reagent Reagent Volume (pl) Dispense with Extra volume (pl) Syringe speed Replacing reagent
Phosphate R2 i} Extra 20 Normal Mone
Barcode |D Alarm limit (ml) Onhoard stability {days)
ADS 20 i
Incubate Time (zec) Actual time (zec)
540 540
End-point Main wavelength (nm)  Side wavelength (nm) Residual net ahs. (A)

measurement
880 Mone 0

Thermo Fisher Scientific, Clinical Diagnostics Systems, Discrete Industrial Analyzers
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Test parameters

314

Gallery™ NPDWR application

i 1 DW o-PO4P i . o
SCIGﬂtIﬁC Version number 1.1 Therma Fisher Scientific Oy
Date 11.5.2017 User Test designer Prior to change
Time 15-33-45 Software version: 6.0.1
Diiution Limits

Dilution with Water Measuring range (mg P/L Mext dilution ratio (1+)
Primary dilution 1+ 0 #in Max ow - Hen
Primary dilution * 0.5000 * 9.0
2nd dilution * * * *
3rd dilution * * * *
4th dilution * * * *
Test limit * 5,0000 mg PIL
Cntical limit * *
Init. abs. * 25
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

MNhbr Calibrator Cument lot Concentration Dilution 1 +

1 PO4P-0 Default 0,0000 0 Coeff. of det. min.

2 PO4P-cal Default 1,5000 119

3 PO4P-cal Default 1,5000 49

4 PO4P-cal Default 1,5000 29

3 PO4P-cal Default 1.5000 14

G PO4P-cal Default 1,5000 7

T PO4P-cal Default 1.5000 5

8 PO4P-cal Default 1,5000 3

9 PO4P-cal Default 1,5000 2

Qc
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Gallery™ NFPDWR application

i [ DW o-PO4P i . o
SCIGﬂtIﬂC Version number 1.1 Therma Fisher Scientific Oy
Date 11.5.2017 User Test designer Frior to change
Time 15-33-44 Software version: 6.0.1

Procedure Ongoing QC Qc profile PO4P
Interval type Requests In use Yes
Requests 10 Acceptance Manual
Time (hh:mm) 0:00 Trigger IManual, Interval, Reagent lot change,Reagent vial change
Procedure Qcs QC profile PO4P QCS
Interval type In use Yes
Requests Acceptance Manual
Time (hh:mm) 0:00 Trigger Manual, Calibration
Procedure Control Current Lot Conc. sD Req. count
Ongoing QC LRB Default 0,000 0,0021 1
Ongoing QC PO4P-CCC Default 0,250 0,0125 1
Ongoing QC PO4P-LFB 0.1 Default 0,100 0,0075 1
Ongoing QC PO4P-LFB 0.4 Default 0,400 0,0300 1
Qcs PO4P-QCS 0.1 Default 0,100 0,0075 1
Qcs PO4P-QC5 04 Default 0,400 0,0300 1
Procedure Nbr of controls SD multiplier
Ongoing QC 1 2
QCcs 1 2
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