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Introduction

This methad consigs of convenient, ready to usecell test kits for determination of orthophosphate as
phosphorus and can also determine total phosphate levels, when the digestion procedure is applied. This
method is based on “Chemical Analysis of Water and Wastewater,” EPA methods 365.2 and 365.3, and
“Standard Methads for the Examination of Water and Wastaewvater”, 18" edition, 4500-P E. T hetest kit is
suitable for both on-ste testing and typical laboratory testing. Thetest kit consists of pre-measured
reagents for both sample preparation and analytical determinations. T his method’ s approach with pre-
measured reagents reduces analytical errors theamount of hazardous waste, and increases occupational
safety.

This method incorporates two measuring ranges, capable of analyzing total phosphorus (after digestion) in
therange of 0.05to 25 mg/L. This value can be converted to calculated orthophosphat e phosphorus in the
range 0.5to 75.0 mg/L. This broad range can help to reduce the amount of sample manipulation, especialy
in fidd applications.
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Method 14XXXP

Phosphorus by Ascorbic Acid
Reaction and Photometry

Scope and Application

This methad deermines thelevel o orthophasphate (O-PO,) in wate's and wastevater matrices.
In a sdution acidified with sulfuric acid, orthgphogphate reacts with molybdo-phospharic acid.
Ascorbic acid reduces thi s to blue phospho-molybdenum blue (PMB), which is then determined
photometrically at a near 80 nm. The O-PO, result is expressed as mg phosphorus (P)/L, but
can becorvertal to mg O-PO,-P/L.

This method is based on prior Environmental Protection Agency (EPA) and association methods
for determiration of phosphorus (P) (Reference 16.1 and 16.2).

This methad is far use inthe United States Environmental Protection Agency’s (EPA’ 9 data
gathering and monitoring programs under the Clean Water Act, the Resource Conservation and
Recovery Act, the Comprehensive Environmental Response, Compensation and Liability Act, and
the SafeDrinking Water Act.

Thismethod isintended for theanalysis of P on drinking and surface waters ground water,
seawater, indudrial wastes, and other wadewater matrices.

The mehod detection limit (MDL; 40 CFR 136, Appendx B) has been estimated at 0.02 mg P/L.
The minimumlevel (ML) for reporting results is 0.05 mg P/L (Section 13.3).

This methad is capable of measuring P in the range of 0.05 to 25 ng/L, and may be extended to
higher levds by serial dilution. This rangetranslates into O-PO,-P concentration range of 0.50 -
75 mg/L.

Each labaratory that uses this mehod must demanstrate the ability to generate acceptable resuts
using the procedure in Section9.2.

Summary of Method

Dependent upon the concentr ation range desired, a one or five-ml aliquot of preserved and
appropriately pre-treated sample is measured into a Spectroquant® Phosphate Cell, which contains
a pre-measured amount of sulfuric acid. For the determination of total P, a digestion reagent is
added (Spectr oquant® Reagent P-1K, potassium peroxidisulfate-nitrate solid mixture). The total P
cells aredigested for 30 minutes at 120°C.

The next steps of the procedur e are the same for total and ortho-phosphorus deter minations. The
reagents for cdor formation, ammonium heptamolybdate tetrahydrate-potassium antimony (111)
oxide tartrate hemihydrate-sulfuric acid solution and ascorbic acid (Spectroquant® Reagerts P-2K
and P-3K) arethen added.

The blue complex which isformed, phosphomolybdenum blue (PMB), is deter mined
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photometrical ly at awaveength at or near 690 nm.

The photometric determination can be conducted on either a Merck Spectrogquant® system
photometer (References 16.3, 16.4, 16.5 and 16.6), or other photometric device.

Quality is assur ed through the use of quality control samples (QCS), calibration of the
instrumentation by using calibration test solutions (Section 17, Table 2), and gperation of a formal
quality assurance program (Reference 16.7).

Definitions

Definitions for terms used in this method ar e given in the glossary at the end of the method (Section
18).

Interferences

Color and suspended matter may interfere with the photometric measurement. To counter this
potential positiveintaference preparea sample blank by adding all reagentsexcept P-2K and P-
3K. Samplesmay also be filtered (after digegion).

Arsenic acid (AsO,*) in concentrations > 0.2 mg/L will react with the mdybdate reagent to
produce a blue olor similar that formed with the phosphate detamination (Reference 16.8).

Sulfide (S*) in concentrations > 2.5 mg/L will interfere (Reference 16.8).

Chromate (Cr,O,%) in concentrations > 5 mg/L will interfere (Reference 16.8).

Safety

This method does not address dl safety issues associated with itsuse. T he toxicity or
carcinogenicity of reagents used in this method has not been fully established. Each chemica and
environmental sample shoud be regarded as a potential health hazard and exposure shauld be
minimized. The laboratory is responsible for maintaining a safe work environment and a cur rent
awareness file of OSHA regulations regarding the safe handling of the chemica s specified in this
method. A reference fileof materid safety data sheets (MSDSs) should be available to al
personndl involved inthese analyses. Additional information on laboratory safety can be found in
References 16.9 and 16.10.

The toxicity or carcinogenicity of each reagent used in this method has not been precisely
detemined; however, each chemical should betreated as a potential health hazard. Exposure to
these chemical s should be reduced tothelowest possiblelevd. Itis suggestedthat thelaboratory
perform persona hygiene monitoring of each anayst using this method and that the results of this
monitoring shall be made availableto theanalyst

Samples o unknown arigin may possess potentially hazardous compounds. Samples shauld be
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handled with care (e.g., under a hood), so asto minimize exposure.

As samples of unknown origin may contain compounds which could react violently with the
reagents, pipette the sample into the cell under a hood, and direct the opening of the cell away from
anyone in thearea.

Operat e the thermoreactor with the safety shield in place (or behind a suitable shield) in case of
severe reaction of sample and reagents, which could result in leakage.

The Spectr oquant® Phosphate Cell Tests are extremely hot after digestion, handle with care when
transferring them tothecoding rack. Hold the cdlsby the cap, or usngated tubeholder.

This method employs the use of Spectroquant® Phosphate Cell Tests containing pre-measured
reagents, whichlimits the handling of hazardous chemicals.

Equipment and Supplies

NOTE: Brand names suppliers, and part numbe's are cited for illustrative purposes only. No
endorsement isimplied. Equivalent performance may be achieved using equipment and
materials other than those specified here, but demondration of equivalent performance that
meets the requirements of thismethod is the responsibility of the laboratory.

Sample collection bottles-1-L borosilicate amber glass or plastic.

NOTE: Contamination from phosphorus on glassware, usually from commercial detergents,
should be awided. All glassware used should be washed with hot 1: 1 HCI and rinsed with
deionized water. Treat the glasswareall the reagents to remove any remaining traces of
phosphorus on the surfaces of the glassware. For best results, consider dedicating glassware for
the determinati on of phosphor us. Cover glassware until it istime for use.

Filtration device, acid washed

Membrane filters, 0.45 um-pre-wash by soaking in deionized water (e.g. 50 filtersin 1L of
deionized water for 24 hours).

Volumetric flasks-various sizes, acid washed.
Volumetric pipett es-various sizes, acid washed.
Reaction cells- Spectroquant® Phosphate Cell Test (Section 17.0, Table 1).

Block digester-capable of maintaining congant temperatures of 120°C- Spectroquant®
Thermoreactar, or equivalent.

L aboratory timer.
Rack for cdls.

Dry cloths for cleaning reaction cdls.
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Photometric device.

6.11.1 Photometer capable of measuring absorbance at or near awavelength of 690 nm, and
with cell compartment for tubes 16 x 100-mm-Merck Spectroquant® system phatometer,
or equivalent.

6.11.2 Spectrophaometer for useat 690-nm wavelength, with cdl compartment for tubes 16 x
100 mm.

Reagents and Standards
Deionized weter

Sulfuric acid (H,S0O,)-conc., ACS grade.
Sulfuric acid (H,SO,)-0.1 N.

Sodium Hydroxide (NaOH)-0.1 N.

Spectroquant® Phosphate Cell Test (Spectroquant® Item 14729 or 14543) appropriate to the
concentration range selected (Section 17.0, Table 1)-contains sulfuric acid.

Potassium peroxidisulfate and sodium nitrat e-Spectr oquant® Reagent P-1K.

Ammonium heptamolybdate tetrahydrate-potassium antimony (111) oxide tar trate hemihydr ate-
sulfuric acid solution-Spectr oquant® Reagent P-2K .

Ascorbic acid-Spectr oquant® Reagent P-3K.
Phosphate stock solution (1,000 mg/L)-Spectroquant® Item 19898, or equival ent.

Phosphate std solution (100 mg/L)-dilute 100 m of the Phosphate stock sdutionina 1-L
volumeric flask with ddéonized waer.

Sample Collection, Preservation, and Storage

Collect approximately 1-L, or a minimum of 100 ml, of a repr esentative samplein anew plastic or
glass bottle, following conventional sampling techniques (Reference 16.11).

Filte samples far disolved PO,* immediately upon sampling.

Analyzethe samples far PO,* within 48 hours, and samples for total P within 28 days of
collection.

Preserve samples for total P with H,SO, to a samplepH <2.

Refrigerate samples at 0 to 4°C from the time of cdlection until the time of analysis, 40 CFR 136,
Tablell.

Collect an additional two aliquots of a sample for each batch (of at least 20 samples) for the matrix
Spike and matrix spike duplicate.
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9.0 Quality Control

9.1 Each laboratary using this methad is reguired to gperatea formal quality contrd (QC) program
(Reference 16.3). The minimum requirements of this program consist of an initiad demonstration
of laboratory capability, and the ongoing analysis of laboratory reagent blanks, precision and
recovery standards, and matrix-spiked samples as a continuing check on performance. The
laboratory is requiredto maintain performancerecords that define thequality of data thus
generated. Laboratory performance is compared to established performance criteria to determine if
the results of analyses meet the performance char acteristics of the method.

9.11

9.1.2

9.1.3

9.1.4

9.1.5

9.1.6

The analyst shall make an initial demonstration of the ability to generate acceptable
accuracy and precision with this method. This ability is established as described in
Section9.2.

Analysis of matrix spikeand matrix spike duplicate (M S/MSD) samples arerequired to
demongtr ate method accuracy and precision and to monitor matrix inter ferences
(interferences caused by the sample matrix). The procedure and QC criteriafor spiking
are described in Section 9.3.

Analyses of laboratory blarks isrequiredto demonstrate freedom from contamination.
The procedure and criteria for blank analyses is described in Section 9.4.

The laboratory shall, on an ongoing bas's, demongtr ate through calibration verification
and analysis of the ongoing precision and recovery sample that the analysis systemisin
control. These procedures are desaribed in Sections 9.5 and 9.6.

The laboratory shall maintainrecards to definethe quality of data that is generated.
Devdopment of accuracy statementsis described in Sections 9.3.7 and 9.6.3.

Accomparying QC far the deteemination o P isrequired per analytical batch. An
analytical batch is a set of samples analyzed, to a maximum of 20 samples. Each
anaytical batch, of up to 20 samples, must be accompanied by a laboratory blank
(Section 9.4), and ongoing precision and recovery sample (OPR, Section 9.6), and a
matrix spike and matrix spike duplicate (MS/IMSD, Section 9.3).

9.2 Initial demonstration of |aboratory capability-The initial demongtration of laboratory capability is
used to characterizelaboratory paformanceand method detection limits.

9.21

9.2.2

Method detection limit (MDL)-The method detection limit must be established for the
anayte, usng a Phosphate std solution (Sections 7.10). To determine MDL values, teke
seven replicate aliquots of the diluted Phosphate std solution and process each aliquot
through each step of the analytica method. Perform dl calculations and report the
concentration values in the appropriate units. MDLs should be determined every year or
whenever a modification to the method or analytical system is made that will affect the
method detedtion limit.

Initial Precision and Recovery (IPR) - To establish the ability to generate acceptable
precision and accuracy, the analyst shall peform thefollowving operatiors:

9.2.2.1 Analyze four samples of the solution (Section 7.10) according to the
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9.3

procedurebegimingin Sedion 11.

9.2.2.2 Using the results of the four analyses, compute the average per cent recov-
ery (x) and the standard deviation (s, Equation 1) of the percent recovery
for P.
Equation 1
2
X
3 2 (2
3= i
n-1
Where:

n = number of samples

X = % recovery in each sample

s = standard deviation

9.2.2.3

Compare s and x with the corresponding limits for initial precision and
recovery in Section 17, Table 3 (Reference 16.12), whichlists EPA’s
proposed standardized QC and QC AcceptanceCriteria for Mehods in 40
CFR Part 136, Table IB. If sand x meet the acceptance criteria, system
performanceis acceptable and analysis of samples may begin. If,
however, s exceeds the precision limit or x falls outside the range for
recovery, system performance is unacceptable. In this event, correct the
problem, and repeat the test.

Matrix Spikes- The laboratory must spike, i n dupli cate, amini mum of five percent of al samples
(one sample in each batch of 20 samples). The two sample aiquots shall be spiked with the
Phosphate std solution (Section 7.10).

9.3.1  The concentration of the spikein thesampleshall bedetermined as follows:

9311

9.3.1.2

If, asin compliance monitoring, the concentration of P in the sampleis
being checked against a regulatory concentration limit, the spiking level
shal be at that limit or a 1to 5 times higher than the background
concentration of the sample (deter mined in Section 9.3.2), whichever
concertration ishigher.

If theconcentration of P in a sample is not bang checked against a limit,
thespike shall be at the concertration of the predsion and recovery
standar d-Phosphat e std soluti on (Section 7.10), or a 1 to 5 times higher
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9.3.2

9.3.3

than the background concentration, whichever concertration ishigher.

Andyze onesampealiquot out of each set of 20 samples, acoording to the procedure
begnningin Section 11, todeterminethe background concertration (B) of P.

9.3.2.1

9.3.2.2

If necessary, prepare a standard solution appr opriate to produce alevel in
the sample a the regulatory compliance limit or a 1 to 5 timesthe
background concentration (per Section 9.3.1).

Spike two additional sample aliquots with the spiking solution and analyze
these aliquots to determine the concentration after spiking (A).

Calculate the percent recovery (P) of Pin each aiquot using the following equation:

where:

Equation 2

P= 1(}(}#@
T

P=Percent recovery
A=Measured concentration of P after spiking
B=Measured concentration of P before spiking

T=True concentr ation of the spike

9.34

Compare the percent recovery of the P with the corresponding QC acceptance criteriain
Section 17, Table 3 (Reference 16.12), which lists EPA’ s standardized QC and QC
Acceptance Criteria for Methods in 40 CFR Part 136, Table IB.

9341

9.34.2

If the results of the spike fail the acceptance criteria, and the recovery of
the Phasphate std sdutionin theongaing precisionand recovery test
(Section 9.6) for the analytical batch is within the acceptance criteriain
Section 17, Table 3 (Reference 16.12), an interferenceis present. In this
case, the result may not be reported for regulatory compliance pur poses
and the analyst must assess the potentia cause for the interference. If the
interfaenceis attributable to sampling, the site or discharge should be
resampled. If theinterferenceis attributable to a method deficiency, the
analyst must modfy themethod repeat the testsrequired in Section 9.1.2,
and repeat theanalysis of thesample andthe MS/MSD.

If the results of bath the ike and the ongoing predsion and recovery test
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fail the acceptance criteria, the analytical system isjudged to be out of
control, and the problem shall be identified and corrected, and the sample
re-analyzed.

9.3.5 Compute relative per cent dif ference (RPD) between the two results (not between
the two recoveries) using the following eguation:

Equation 3

{‘DI_DE"J

where:
RPD=Relative percent different
D,=Concentration of P inthe sample

D,=Concentration of P inthe second (duplicate) sample

9.3.6  Therdative percent difference for duplicates shall meet the acceptance criteriain
Section 17, Table 3 (Reference 16.12). If the criteriaare not met, the analytical system
isjudged to be out of control, and the problem must be immediately identified and
corrected, and the analytical batch re-analyzed.

9.3.7 Asapart of the QC program for the laboratory, method precision and accuracy for
samples should be assessed and records should be maintained. After the andysis of five
spiked samples, in which the recovery passes the test in Section 9.3.4, compute the
average percent recovey (P,) and the standard deviation of the percent recovery (s,).
Express the accur acy assessment as a percent recovery interva from P,-2s, to P.+2s,.
For example, if P, = 90% and s, = 10% for five analyses of P, the accuracy interval is
expressed as 70- 110%. Update the accur acy assessment on a regular basis (eg., after
each fiveto ten new accuracy measurements).

9.4 Labor atory blanks-Laboratory reagent water blanks are analyzed to demonstrat e freedom from
contamination.

9.4.1  Prepare and analyze alaboratory blank initidly (i.e., with the testsin Section 9.2) and
witheach analytical batch. The blank must be subjeded to the same procedural steps as
asample.

9.4.2 If material is detectedin the blank at a concertration greater than theML (Section 1.6),
analysis of samples must be hated until the source of contamination is eliminated and a
new blank shows no evidence of cortamination. All samplesmust be associated with an
uncantami nated laboratory blark beforetheresults may berepartedfor regulatory
compliance purposes.
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9.5  Cdibration verification-Verify calibration of the phaometric device per Section 10 for each
analytical batch of up to 20 samples. If calibration curve linearity diff ers more than 25%, run a
new cdibration curve.

9.6  Ongoing Precision and Recovery (OPR)-To demondtrate that the analysis system isin control, and
acceptable precision and accuracy is being maintained with each anaytical batch, the analyst shall
performthe fdlowing gperations:

9.6.1 Anayze aprecision and recovery standard (Sections 7.10) with each analytical batch
according to the procedure begnning in Section 11.

9.6.2  Compare the concentration with the limits for ongoing precision and recovery in Section
17, Table 3 (Reference 16.12). If the concentration is in the range specified, the analysis
may proced. If however, the concentration is not inthe spedfied range, the analytical
processis hot in control. 1n this event, correct the problem, repeat the analytical batch,
and repeat theongoing precison and recovery test.

9.6.3  Thelaboratory should add results that pass the specification in Section 9.6.2 to IPR and
previous OPR data and update QC chartsto form a graphic representation of continued
laboratory performance Thelabaratory should also devd op a statement of |aboratory
data quality for each anayte by calculating the average percent recovery (R) and the
standard deviation of the percent recovery (s). Expresstheaccuracy asarecovey
interval fromR -2s to R + 2s.

For example, if R = 95%, and s, = 5%, the accuracy is 85 % to 105 %.

9.7  Quadlity control sample (QCS)-t is suggested that the laboratory obtain a quality control sample
from a sour ce different from the source of the Phosphate std solution used routinely in this method
(Section 7.10).

9.8  Thestandards used for initial precison and recovery (I PR, Section 9.2.2) matrix spikes
(MS/IMSD, Section 9.3), and ongoing precision and recovey (OPR, Section 9.6) should be
identical, so that the most precise results will be obtained.

10.0 Calibration and Standardization

10.1 TheMerck Spectroquant® system photometer is shipped factory calibrated (Reference 16.13).
Refer to the manuf actur er’ s documents (References 16.3, 16.4, 16.5 and 16.6). The calibration
curvecan beverified, andthedata from this veification can bestored, modified or re-entered at
anytime. However, the factory program setti ngs cannot be changed by the user. When
appropriate, the manufacturer supplies a new MemoChip (transponder) containing new calibration
data.

10.2 For photometric equipment, other than the Merck Spectroquant® system phaomeer, pla a
cdli bration curve with a minimum of five (5) data points, from standar ds prepar ed from a
Phosphate std solution appropriateto therange to be tested. The calibration curve shauld also
include a blank.

10.2.1  For Spectroquant® Phosphate Cdl Tests, refer to Section 17.0, Table 2, to prepare
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standard curves from the Phosphate std solution. Thecurve should includethe lowest
and highest concentrations for the range tested.

Verify the curve, using a cdlibration standard (mid-poirt of the curve), with each analytical batch
of samples (Section 9.5).

Run a new calibration curvewith each new lot of reagents, or when calibration curve linearity
differs more than 25%.

Procedure

Choose a Spectroquant® Phosphate Cell Test concentration range appropriate for the sample
matrix to betested, using priar knowiedge of the particular wastestream. For thelist of test
ranges, see Section 17, Table 1.

If necessary, pH adjust the sample with dilute H,SO, or NaOH to pH between 0 and 10.

Pipette 1 ml of sample into a Spectroquant® Phosphate Cell Test 14729 or 5 ml of sample for
Spectroquant® Phosphate Cell Test 14543 and mix well. For only PO,* determination, proceed to
Section 11.5.

Total P determination in both Spectroquant® Phosphate Cell Test Kits.
11.4.1 Preheat the Spectroquant® Thermoreactor at 120°C setting.
11.4.2 Add ane dose of P-1K to thecell containing the sample, closewith the screw cap.

11.4.3 Placethe prepared Spectroquant® Phosphate Cell Test in the preheated Spectr oquant®
Thermoreadtor, and heat at 120°C for 30 minutes.

11.4.4 Afte thedgestionis conplete remove the cdls, and placein a cdl rack to cod to
roomtemperature

Add five drops of P-2K to each cell and shake vigoroudly to dissolve the solid material.

Add one dose of P-3K to each cdll using the bl ue dose-metering cap, close tightly with the screw
cap and mix.

Allow five minutes reaction time.
Determination using Merck Spectroquant® system phatometer.

11.8.1  Switch on the Merck Spectroquant® system photometer as per manufacturer’s
suggestiors for operation (References 16.3, 16.4, 16.5 and 16.6).

11.8.2 Place the Spectroquant® Phosphate Cell Testsinto the cell compartment with the
vertical line aligned with the notch on theinstrument, and push down until the cell
clicks into place.

11.8.3 Wait asthe Merck Spectroquant® system photometer recognizes the bar code. The
Spectroquant® Phosphate Cell Test product information is displayed, and the
ingrumert is automaticdly set to the appropriate wavd ength and measuring parameters
(bar code recognition of item number, test range, cell format, wavelength, and

10
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calibration data).
11.8.4 Recordthedisplayed result asP in mg/L.

11.9 Determination using absorbance mode of Merck Spectroquant® system photometer, or other
photonetric devices.

11.9.1 Warm up the instrument as per manufacturer’s suggestion for oper ation.

11.9.2 Satheinstrument to a wavelength at or near 690 nm.

11.9.3 Zeo theinstrument with areagent water / blank which has been prepared in the same
manne as the standards and samples.

11.9.4 Placethecell into the cdl compartment/cdl holder.
11.9.5 Recordthe absorbancereading fromthe instrument.

11.9.6 Plot the absorbance reading on the calibration curve, to obtain the concentration Pin
mg/L.

12.0 Data Analysis and Calculations
12.1 If no pre-dilution was perfor med upon the sample, no calculation is necessary.

12.2 If predilution was required, calcul ate the P (mg/L) as follows:

Equation 4

¥z
FPlmgll)= A*—
¥l

where:
A = Measured concentration of Pfrom photometer (mg/L)
V, = Volume of sample usad for dilution (ml)

V, = Final total volume of diluted sanple (ml)

12.3 Report resultsto two significant digits for concentrations found above the ML (Section 1.6) in all
samples. Report results below the ML as<0.05 mg P/L.
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16.4
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Method Performance

This method, as equivalent to EPA method 365. 3, (Reference 16.2) should achi eve the proposed
standardized method performance, as citedin Table 1F of the ATP guidelines (Reference 16.12).

The method detection limit (MDL) study was performed by a single andyst, and has been
established at 0.02 mg P/L.

The minimumlevd (ML) has been deermined as 0.05 mg P/L.

Pollution Prevention
The reagents used in this method pose little threat to the environment, when managed properly.

Reagents should be ordered consistent with laborat ory use, to mini mize the amount of expired
materias to be disposed.

Waste Management

It isthe laboratory’s responsibility to comply with all federal, state, and local regulations governing
waste management, particularly the hazardous waste idertification rules and land disposal
restriction. The Agency urges laboratories to protect the air, water, and land by minimizing and
controlling al releases from hoods and bench operations, complying with the letter and spirit of

any sawer dscharge permits and regulations.

For further information on waste management, consult “T he Waste Management Manual for
Laboratory Persomel” and “Less is Beter: Labaratory Chamical Management for Waste
Reduction,” both available from the American Chemical Society’s Department of Government
Relations and Science Pdicy, 1155 16™ Street N.W., Washington, D.C. 20036.
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17.0 Tables

Table 1. Product Range, Number, and Usage Information

Range Product Sample
mg/L Number Volume (ml
0.5-25 (PO, *-P) 14729 1
1.5-75(PO,*) 14729 1
0.05 - 5.0 (PO,*-P) 14543 5

0.2 - 15 (PO, *) 14543 5
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Table 2. Calibration Standard Calibration Preparation

Product # Phosphate std Solution

Range (mg/L) Volumes (mD* P Equivalent (mg/L)
14543 (0.05 -5.0) 0-0.05-1-25-35-50 0-0.05-10-25-35-50
14729 (0.50 - 25 mg/L) 0-05-5-10-20-25 0-05-5-10-20 -25

* Dilute all working calibration standards to 100 ml in volumetric flasks.

Table 3. Standardized Acceptance Criteria for Performance Tests

Acceptance Criterion Section Limit (%)
Initial precision and recovery 9.2.2

P Precision (s) 9222 44

P Recovery (X) 9222 55 -143
Matrix spike/matrix spike duplicate 9.3

P Recovery 9.34 50 - 148

P RPD 9.3.5 44
Ongoing precision and recovery 9.6

P Recovery 9.6 50 - 148
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18.0 Definitions

18.1 Thedefinitions and purposes are specific to this method, but have been conformed to common
usage as much as possible.

18.1.1

°C
>
<

%

18.1.2

mg/L
ml
nm

Symbols

degress Celsius
greater than
lessthan
percent

Alphabeical Charaders

gram

liter

milligram
milligram per liter
milliliter
nanomet er

18.2 Defintions acronyms, and abbreviations.

18.2.1
18.2.2

18.2.3
18.2.4

18.2.5

18.2.6

Analyte Phosphorus, the parameter which is analyzed by this method.

Analytical batch: The sd of samples analyzed at thesame time, to a maximum of 20
samples. Each analytical batch must be accompanied by alaboratory blank (Section
9.4), and ongoing precision and recovery sample (OPR, Section 9.6), amatrix spike
and matrix spikeduplicate (MS/MSD, Section 9.3), and a reagent blank (Section 9.4).

IPR: Seeinitial precision and recovery.

Initial precision and recovey (IPR): Four aliquots o thediluted Phosphatestd
solution analyzed to establish the ahility to generate acceptable precision and
accuracy. An PR is performed the first time this method is used and any time the
method or insgtrument is modified.

Labor atory blank (method blank): Analiquot of reagent water that is treated exactly as
asample including exposureto al glassware, equipment, and reagents that are used
with sanples. Thelaboratory blark isused to determineif analyte or interferencesare
present in the laboratory environment, or the reagents.

Matrix spike (MS) and matrix spike duplicate (MSD): Aliquads of environmentd
sampleto which known quartities of the analyte areadded inthe laboratory. The MS
and MSD are prepared and/or analyzed exactly like afield sample. Their purposeis
to quantify any additiona bias and imprecision caused by the sample matrix. The
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18.2.7
18.2.8
18.2.9
18.2.10

18.2.11

18.2.12
18.2.13
18.2.14

18.2.15

18.2.16
18.2.17
18.2.18

18.2.19
18.2.20

18.2.21
18.2.22
18.2.23
18.2.24

background concentration of the anayte in the sample matrix must be determined in a
separ ate aliquot and the measured valuesin the MS and MSD cor rected for
background concentratiors.

May: This action, activity, or procedural step is neither required nor prohibited.
May not: This action, activity, or procedural step is prohibited.
MemoChip: See transponder.

M ethod detection limit (MDL): The lowest leve at which an analyte can be detected
with 99 percent confidence that the analyte concentration is greater than zero.

Minimum level (ML): The lowestlevd at which theentireanalytical systemgives a
recognizable signal and acceptabl e calibration point of the analyte. It is equivalent to
the concentration of the lowest calibr ation standard, assuming that al method-
specified sample weights, volumes, and preparation procedur es have been employed.

Must: This action, activity, or procedural step is required.
OPR: See ongoing precision and recovery standard.

Ongang precision and recovery standard (OPR): A laboratory blank spike with known
quantities o analyte. TheOPR istreated exactly likea sample Its purposisto
establish performance of the method by the analyst.

Ortho-Phasphate (PO,*): Reactive form of phosphorus, to which al measured Pis
converted for determination by this procedure.

Phosphate std solution: See phosphorus standard solution.

P: See phospharus.

Phosphorus standard solution: The 100 mg/L phosphorus standard solution which is
used for instrument calibration, matrix spiking, MDL studies, IPR and OPR checks.

Phosphorus (P): The parameter which is analyzed by this method.

Quality control sample (QCS): A sample containing anayte of interest at known
concentrations. The QCS is obtained from a sour ce external to the laboratory or is
prepar ed from standards obtained from a different source than the calibration
standards. Thepurpose isto check |aboratory peformanceusing test mateials that
heave been prepared independently fromthe narmal preparation process.

Reagent water: Deionized water demorstrated to be free from phosphete.
Shall: Thisaction, activity, or procedural step is required.
Should: This action, activity, or procedural step is suggested, but not required.

Merck Spectroguant® system photometer: Photometers which contain information
about Spectroquant® produds. The instruments autometically set to the appropriate
wavel ength and measuring paramete's thraugh bar code recagnition of item number,
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test range, cell format, wavelength, and calibration data.

18.2.25  Spectrogquant® Phosphate Cell Test: The premeasured P reagents, packaged in 16 x
100 mm tubes.

18.2.26  Spectroguant® Thermoreactor: Theblock digester which can opeaate at a temperature
of 120°C, to effect digestion of the Spectroquant® Phosphate Cell Tests.

18.2.27 Transponde: The MemoChip, which contains updated information which may include
new mehods and updated calibration information for downloading into the Merck
Spectroquant® system phatometer.
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