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Parameter: Orthophosphate
Method: Standard Method 4500 P E-2021 (Aqueous)
EQUIPMENT:
	
	Spectrophotometer w/infrared phototube and 2.5 cm light path or longer
 Model:
 Wavelength: 880 nm
	
	Filter Photometer w/ red color filter and 0.5 cm light path or longer
 Model:

	
	Acid-washed glassware
	
	0.45 µm membrane filters
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ANALYSIS REAGENTS: See last page for reagent recipes
Revised 09/09/2026 
	
	Sulfuric acid (H2SO4), 5N
	
	Ascorbic acid
	
	Standard phosphate solution

	
	Antimony potassium tartrate solution
	
	Combined reagent
	
	

	
	Ammonium molybdate solution
	
	Stock phosphate solution
	
	



PLEASE COMPLETE CHECKLIST IN INDELIBLE INK
Please mark Y, N or NA in the column labeled LAB to indicate the common lab practice and in the column labeled SOP to indicate whether it is addressed in the SOP. 
	
	GENERAL
	LAB
	SOP
	EXPLANATION

	1. 
	Is the SOP reviewed at least every 2 years? What is the most recent review/revision date of the SOP? [15A NCAC 02H .0805 (a) (7)]

Date:


	
	
	Quality assurance, quality control, and Standard Operating Procedure documentation shall indicate the effective date of the document and be reviewed every two years and updated if changes in procedures are made.

Verify proper method reference. During review notate deviations from the approved method and SOP. 

	2. 
	Are all revision dates and actions tracked and documented? [15A NCAC 02H .0805 (a) (7)]
	
	
	Each laboratory shall have a formal process to track and document review dates and any revisions made in all quality assurance, quality control, and Standard Operating Procedure documents.

	3. 
	Is there North Carolina data available for review?
	
	
	If not, review PT data

	
	PRESERVATION and STORAGE
	LAB
	SOP
	EXPLANATION

	4. 
	Are samples filtered through a 0.45 µm membrane filter within 15 minutes of collection? [40 CFR 136.3 Table II and footnote 24]
	
	
	

	5. 
	Is the filtration documented? [NC WW/GW LCB Sample Collection, Preservation and Receipt Requirements Policy]
	
	
	

	6. 
	Are samples iced to above freezing but ≤ 6 º C during shipment? 
[40 CFR 136.3 Table II and footnote 18]
	
	
	

	7. 
	Are samples refrigerated above freezing and ≤ 6°C during storage? 
[40 CFR 136.3 Table II and footnote 18]
	
	
	

	8. 
	Are samples analyzed within 48 hours of collection? [40 CFR 136.3 Table II]
	
	
	

	
	PROCEDURE – Calibration
	LAB
	SOP
	EXPLANATION

	9. 
	What is the laboratory’s lower reporting limit? [15A NCAC 02H .0805 (a) (7) (H)]

Answer:
	
	
	For analytical procedures requiring analysis of a series of standards, the concentrations of these standards shall bracket the range of the sample concentrations measured. One of the standards shall have a concentration equal to or less than the laboratory’s lowest reporting concentration for the parameter involved.

 

	10. 
	Is the spectrophotometer zeroed with a calibration/reagent blank prior to calibration? [SM 4500-P E-2021 (4) (c)]
	
	
	Calibration and reagent blanks are treated the same since the orthophosphate samples are not digested prior to analysis. 

The calibration blank consists of reagent water with the combined reagent.

	11. 
	List the values of the standards used for calibration
[SM 4500-P E-2021 (4) (c)]

Standard Concentrations:












	
	
	Prepare individual calibration curves from a series of 4 up to 6 standards, including a calibration blank, within the phosphate ranges indicated in 4500-P E.1c. The calibration
blank consists of reagent water with the combined reagent. Plot absorbance versus phosphate concentration.


Minimum detectable concentration: Approximately 10 μg P/L. P ranges are as follows:

     Approximate
        P Range                          Light Path
         (mg/L)                                 (cm)            .
      0.30 – 2.0                               0.5
      0.15 – 1.30                             1.0
      0.01 – 0.25                             5.0


	12. 
	Is the calibration performed for each analysis or is it stored until the calibration verification standard recovery no longer passes? [SM 4500-P E-2021 (4) (c)] [15A NCAC 02H .0805 (a) (7) (H)]

Answer:


	
	
	Daily calibration must be at least 3 non-zero standards and a calibration blank and stored curves must be at least 5 non-zero standards and a calibration blank. Calibrations must not be stored for more than 12 months. 

	13. 
	If the calibration curve is stored, is the spectrophotometer zeroed with a calibration/reagent blank prior to sample analysis? [SM 4500-P E-2021 (4) (a)]
	
	
	After at least 10 min but no more than 30 min, measure absorbance of each sample at 880 nm, using reagent blank as the reference solution.

	
	PROCEDURE – Sample Analysis
	LAB
	SOP
	EXPLANATION

	14. 
	What sample volume is analyzed? [SM 4500-P E-2021 (4) (a)]

Answer:

	
	
	Pipet 50.0 mL sample into a clean, dry test tube or 125 mL Erlenmeyer flask.

	15. 
	Is 0.05 mL (1 drop) of phenolphthalein indicator solution added? [SM 4500-P E-2021 (4) (a)]
	
	
	Add 0.05 mL (1 drop) phenolphthalein indicator.

	16. 
	If a red color develops after the addition of phenolphthalein, is 5N H2SO4 solution added dropwise to just discharge the color? [SM 4500-P E-2021 (4) (a)]
	
	
	If a red color develops add 5 N H2SO4
solution dropwise to just discharge the color.

	17. 
	Is 8.0 mL of combined reagent added and the sample mixed thoroughly? [SM 4500-P E-2021 (4) (a)]
	
	
	Add 8.0 mL combined reagent and mix thoroughly.

	18. 
	Is the absorbance of the sample measured after at least 10 min, but no more than 30 min after adding the combined reagent, at 880 nm? [SM 4500-P E-2021 (4) (a)]
	
	
	After at least 10 min but no more than 30 min, measure absorbance of each sample at 880 nm, using reagent blank as the reference solution.

	19. 
	What formula is used to calculate final results? [SM 4500-P E-2021 (5)]

Answer:




	
	
	mg P/L =    mg P (in ~ 58 mL final volume) X 1000
                mL sample


	20. 
	If necessary, is the sample concentration corrected for turbidity or interfering color with a sample blank? [SM 4500-P E-2021 (4) (b)]
	
	
	Natural color of water generally does not interfere at the high wavelength used. For highly colored or turbid waters, prepare a blank by adding all reagents except ascorbic acid and antimony potassium tartrate to the sample. Subtract the sample blank absorbance from absorbance of each sample.

	
	QUALITY ASSURANCE
	LAB
	SOP
	EXPLANATION

	21. 
	Is all glassware acid-washed as described in SM 4500-P C-2021 (2) (b)? [SM 4500-P E-2021 (2) (b)]
	
	
	Use acid-washed glassware for determining low concentrations of phosphorus. Phosphate contamination is common because of its absorption on glass surfaces. Avoid using commercial detergents containing phosphate. Clean all glassware with hot dilute HCl and rinse well with reagent water. Preferably, reserve the glassware only for phosphate determination, and after use, wash and keep filled with water until needed. If this is done, acid treatment is required only occasionally.

	22. 
	Is combined reagent made fresh daily & used within 4 hours? [SM 4500-P E-2021 (3) (e)]
	
	
	The reagent is stable for 4 hours.

	23. 
	Does each standard curve have a correlation coefficient ≥0.995? [NC WW/GW LCB Correlation Coefficient for Linear Calibration Curves Policy]
	
	
	When linear regression is used, use the minimum correlation coefficient specified in the method. If the minimum correlation coefficient is not specified, then a minimum value of 0.995 (or a coefficient of determination, r2, of 0.99) is required.

	24. [bookmark: _Hlk106806953]
	Is each calibration point compared to the curve and recalculated to determine its concentration? [SM 4020 B-2022 (1) (b)]
	
	
	Compare each calibration point to the curve and recalculate its concentration.

	25. 
	What are the acceptance criteria for the recalculated calibration points? [SM 4020 B-2022 (1) (b)]

Answer:



	
	
	Up to twice the MRL ±50%
Between 3 and 5 times the MRL ±20%
Greater than 5 times the MRL ±10%

	26. 
	What corrective action is taken if the acceptance criteria are not met for the recalculated calibration points? [SM 4020 B-2022 (1) (b)]

Answer:




	
	
	Identify the source of any outlier(s) and correct before sample quantitation

	27. 
	Does the laboratory analyze a second source verification standard with each initial calibration? [15A NCAC 02H .0805 (a) (7) (H) (ii)] [SM 4020 B-2022 (1) (b)]

List the second source standard concentration:







	
	
	Rules: Laboratories shall analyze one known second source standard to verify the accuracy of standard preparation if an initial calibration is performed and in accordance with the referenced method requirements thereafter. 

If analyzing against a factory stored curve such as one in a HACH spectrophotometer, any standard would be considered second source.

SM: Verify the initial calibration by analyzing a standard prepared from a different stock standard than that used to create the calibration curve; its concentration should be near the midpoint of the calibration range. 

	28. 
	Is the acceptance criterion for the second source standard ±10% recovery? [SM 4020 B-2022 (1) (b)]

	
	
	The analytical results for this second source mid-range standard must be within 10% of its true value. 

[not required to be mid-range, see above]

	29. 
	What corrective action is taken if the second source standard recovery is outside of established control limits? [SM 4020 B-2022 (1) (b)] 

Answer:



	
	
	If not, determine the cause of the error, take corrective action, and re-verify the calibration. If the re-verification passes, continue the analyses; otherwise, repeat the initial calibration.   

	30. [bookmark: _Hlk106808434]
	Is a standard at the same concentration as the method reporting limit (MRL) analyzed with each analysis? [SM 4020 B-2022 (9)]
	
	
	With each analytical batch, analyze a reagent-water sample spiked at MRL and ensure that it meets MRL acceptance criteria (generally ±50%).


	31. 
	What is the acceptance criterion of MRL standard? [SM 4020 B-2022 (9)] [15A NCAC 02H .0805 (a) (7) (A)]

Answer:

	
	
	4020 B states “generally ±50%”. The laboratory must determine the criterion that will be used 

	32. 
	What corrective action is taken if the MRL standard doesn’t meet the acceptance criterion? [SM 4020 B-2022 (9)]

Answer:



	
	
	If not, re-analyze the entire batch or flag results for all samples in the batch. If the MRL is biased high, non-detect (ND) samples can be reported with flags if the method or regulation allows

	33. 
	Is the calibration verified by analyzing a calibration verification standard (CVS) or Continuing Calibration Verification (CCV) prior to sample analysis, after every ten samples and at the end of the run? [SM 4020 B-2022 (1) (c) and 15A NCAC 02H .0805 (a) (7) (H)]

List value(s) of standard used:
	
	
	Rules state: A calibration blank and
calibration verification standard shall be
analyzed prior to sample analysis, after every
tenth sample, and at the end of each sample
group, unless otherwise specified by the
method, to check for carryover and calibration
drift.

SM states: Verify calibration by analyzing
one standard whose concentration is near the
midpoint of the calibration range.
Note: Near midpoint is generally considered within 40-60% range of the calibration curve

	34. [bookmark: _Hlk106808991]
	What is the acceptance criterion of the calibration verification standard? [15A NCAC 02H .0805 (a) (7) (A)]

Answer:

	
	
	

	35. [bookmark: _Hlk106808634]
	Is a calibration blank analyzed prior to sample analysis, after every 10th sample and at the end of the sample group? [15A NCAC 02H .0805 (a) (7) (H)]
	
	
	

	36. 
	Are the blank concentrations less than or equal to ½ of the lowest calibration standard concentration? [15A NCAC 02H .0805 (a) (7) (H) (i)] 
	
	
	The concentration of reagent, method, and calibration blanks shall not exceed 50 percent of the lowest reporting concentration or as otherwise specified by the reference method. 


	37. 
	What corrective action is taken if the blanks are not less than or equal to ½ of the lowest calibration standard concentration? [15A NCAC 02H .0805 (a) (7) (B)]

Answer:





	
	
	If quality control results fall outside established limits or show an analytical problem, the laboratory shall identify the Root Cause of the failure. The problem shall be resolved through corrective action, the corrective action process documented, and any samples involved shall be reanalyzed, if possible. If the sample cannot be reanalyzed, or if the quality control results continue to fall outside established limits or show an analytical problem, the results shall be qualified as such.

Reanalyze blank. If still not acceptable, repeat the initial calibration, etc. Once problem is resolved, repeat sample determinations since the last acceptable blank. 

	38. [bookmark: _Hlk106809021]
	Is a laboratory fortified blank (LFB) analyzed with each sample set or on a 5% basis, whichever is more frequent? [SM 4020 B-2022 (6)]
	
	
	As a minimum, include one LFB with each sample set (batch) or on a 5% basis, whichever is more frequent. Depending on method requirements, prepare the addition solution from either the same reference source used for calibration or an independent source.

The LFB is a reagent blank (i.e., treated just like a sample including addition of the preservation acid) fortified with the analyte.

If the LFB is primary source, it may be equivalent to the CVS/CCV (refer to question #55). Analyze at least one daily or per batch of 20 or fewer samples. Use control charts to establish limits or default to the CVS acceptance criterion.

If the LFB is secondary source, it may be equivalent to the second source standard (refer to question #49). Analyze one daily or per batch of 20 or fewer samples. The acceptance criterion must be recovery within
 ± 10% of true value.

	39. 
	What is the concentration and acceptance criterion of the LFB? [15A NCAC 02H .0805 (a) (7) (A)]

Answer:


	
	
	If used as the second source verification, the acceptance criterion must be recovery within
± 10% of true value.

Otherwise, evaluate the LFB for percent recovery of the added analytes by comparing results to method-specified limits, control charts, or other approved criteria.

	40. 
	What corrective action does the laboratory take if the LFB is outside of the acceptance criterion? [15A NCAC 02H .0805 (a) (7) (B)]

Answer:



	
	
	

	41. 
	Is a Laboratory Fortified Matrix (LFM) analyzed with each sample set, or on a 5% basis, whichever is more frequent? [SM 4020 B-2022 (7)] [15A NCAC 02H .0805 (a) (7) (D)]
	
	
	

	42. 
	
How is the LFM prepared? [NC WW/GW LC Matrix Spike Technical Assistance][SM 4020 B-2022 (7)]

Answer:



	
	
	See Matrix Spike Technical Assistance document.

SM 4020B-2022 (7) states that the LFM be prepared from the same reference source as the LFB 


	43. 
	Is an LFM Duplicate (LFMD) analyzed with each sample set or on a 5% basis, whichever is more frequent? [SM 4020 B-2014 (8) and Table 4020:I]
	
	
	As a minimum, include one duplicate sample or one LFM duplicate with each sample set (batch) or on a 5% basis, whichever is more frequent, and process it independently through the entire sample preparation and analysis
Laboratory fortified matrix is the same as a matrix spike; that is, a spiked sample.
Note: Based on Table 4020:I, there is no option to perform an environmental sample duplicate and then spike separately – must perform MS/MSD for
this method.


	44. 
	What is the acceptance criterion for LFM/LFMD recovery (accuracy)? [15A NCAC 02H .0805 (a) (7) (A)]

Answer:

	
	
	
There will be two % recovery calculations for accuracy from spike recoveries and one RPD calculation for precision from duplicate calculation.

SM states: Evaluate LFM results for percent recovery; if they are not within control limits, then take corrective action to rectify the matrix effect, use another method, use the method of standard addition, or flag the data if reported. See method for specific LFM acceptance criteria until the laboratory develops statistically valid, laboratory-specific performance criteria. If the method does not provide limits, use the calculated preliminary limits from the IDC (4020 B.3). LFM control limits may be wider than for LFB or LCS, and batch acceptance generally is not contingent
upon LFM results.


	45. 
	What corrective action does the laboratory take if the LFM/LFMD results are outside of established control limits for accuracy? [15A NCAC 02H .0805 (a) (7) (B) and SM 4020 B-2022 (7)] 


Answer:

	
	
	Rules state: If quality control results fall outside established limits or show an analytical problem, the laboratory shall identify the Root Cause of the failure. The problem shall be resolved through corrective action, the corrective action process documented, and any samples involved shall be reanalyzed, if possible. Compare to LFB result and other QC. Reanalyze LFM. If it still fails, qualify the spiked sample result. 

SM states: Evaluate LFM results for percent recovery; if they are not within control limits, then take corrective action to rectify the matrix effect, use another method, use the method of standard addition, or flag the data if reported. 


	46. 
	What is the acceptance criterion for LFM/LFMD precision? [15A NCAC 02H .0805 (a) (7) (A) and SM 4020
B-2022 (8) ]

Answer:

	
	
	SM states: See method for specific acceptance criteria for LFM duplicates or duplicate samples until the laboratory develops statistically valid, laboratory-specific performance criteria. If the method does not provide limits, use the calculated preliminary limits from the IDC. 
Note: The method does not provide limits

Rule States: Each laboratory shall establish performance acceptance criteria for all quality control analyses. Each laboratory shall calculate and document the precision and accuracy of all quality control analyses with each sample set. 


	47. 
	What corrective action does the laboratory take if the LFM/LFMD results are outside of established control limits for precision? [15A NCAC 02H .0805 (a) (7) (B) and
SM 4020 B-2022 (8)] 



Answer:





	
	
	If quality control results fall outside established limits or show an analytical problem, the laboratory shall identify the Root Cause of the failure. The problem shall be resolved through corrective action, the corrective action process documented, and any samples involved shall be reanalyzed, if possible. If the sample cannot be reanalyzed, or if the quality control results continue to fall outside established limits or show an analytical problem, the results shall be qualified as such.

SM states: If duplicate results are out of control, then re-prepare and re-analyze the sample and take additional corrective action, as needed.

	48. 
	Is the data qualified on the Discharge Monitoring Report (DMR) or client report if Quality Control (QC) requirements are not met? [15A NCAC 02H .0805 (e) (5)]
	
	
	Reported data associated with quality control failures, improper sample collection, holding time exceedances, or improper preservation shall be qualified as such.



Analytical Reagents & Standards Prep:

Sulfuric acid, H2SO4, 5N: Dilute 70 mL conc H2SO4 to 500 mL with reagent water.

Antimony potassium tartrate solution: Dissolve 1.3715 g K(SbO)C4H4O6⋅½H2O in 400 mL reagent water in a 500-mL volumetric flask and dilute to volume. Store in a glass-stoppered bottle.

 Ammonium molybdate solution: Dissolve 20 g (NH4)6Mo7O24⋅ 4H2O in 500 mL reagent water. Store in a glass-stoppered bottle.

Ascorbic acid, 0.1M: Dissolve 1.76 g ascorbic acid in 100 mL distilled water. The solution is stable for about 1 week at 4°C.

Combined reagent: Mix the above reagents in the following proportions for 100 mL of the combined reagent: 50 mL 5N H2SO4, 5 mL antimony potassium tartrate solution, 15 mL ammonium molybdate solution, and 30 mL ascorbic acid solution. Mix after addition of each reagent. Let all reagents reach room temperature before they are mixed and mix in the order given. If turbidity forms in the combined reagent, shake and let stand for a few minutes until turbidity disappears before proceeding. The reagent is stable for 4 h.

Stock phosphate solution: Dissolve in reagent water 219.5 mg anhydrous KH2PO4 and dilute to 1000 mL; 1.00 mL = 50.0 μg PO43– -P.

Standard phosphate solution: Dilute 50.0 mL stock phosphate solution to 1000 mL with reagent water; 1.00 mL = 2.50 μg P.


Additional Comments: ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Inspector: __________________________________________________________________Date: ________________________________
