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[bookmark: _Hlk520805431][bookmark: _Hlk520805202][bookmark: _Hlk520805593][bookmark: _Toc522602537][bookmark: _GoBack]EPA Assessments and Response Actions
[bookmark: _Toc521563279][bookmark: _Hlk519508250]Readiness reviews and technical system audits were conducted to ensure that all personnel, training, equipment, supplies, and procedures were available and acceptable for environmental data to be collected and to identify and correct of issues that affected data quality.  Audits of data quality were conducted on a representative sample of data for the critical target analytes.  During data validation, qualifiers were applied to alert the data end user to quality problems that could impact the usability of the data. QA/QC checks for PFAS, definitions of data qualifiers, established MDL and estimated QL for PFAS and RO system and GAC media analytical results with data qualifiers are provided in supplementary information.
The synthetic test water in the stainless steel 55-gallon drum for the GAC media had characteristics based on worst case (maximum) Widefield Aquifer water quality concentrations and/or the requirements of NSF Standard P473:  1) turbidity < 1 NTU, 2) free available chlorine < 0.2 mg/L, 3) pH of 8.2 ± 0.5, 4) temperature of 20 ± 2.5°C, 5) TOC > 1.0 mg/L, and 6) TDS of 500 mg/L.  
The synthetic test water in the 5000-gallon stainless steel tank for the RO systems had characteristics based on worst case (maximum) Widefield Aquifer water quality concentrations and/or the requirements of NSF Standard P473:  1) turbidity < 1 Nephelometric Turbidity Unit (NTU), 2) hardness of 300 mg/L (added as potassium chloride [KCl], magnesium sulfate [MgSO4], sodium bicarbonate [NaHCO3] and calcium sulfate [CaSO4·2H2O]), 3) pH of 8.2 ± 0.5, 4) temperature of 25 ± 1 °C (the water temperature was controlled with a chiller and heat exchanger), and 5) TDS of 750 mg/L.  
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[bookmark: _Toc522602538]Table 1. Summary of QA/QC checks for PFAS
	Parameter
	QC Type 
	Purpose QC 
	Method
	Frequency
	Acceptance Criteria

	Per-and poly-fluoroalkyl substances (PFAS) 

(Draft Expanded Region 5 PFC SOP) 
	Initial calibration
	Standardization of instrument
	5 to 6 points calibration
	Daily

	Weighted linear regression curve should have r2 ≥ 0.98 and quadratic regression curve should have r2 ≥ 0.99 before proceeding with analysis 


	
	Second Source Standard
	Assess Calibration curve
	An independent standard obtained from different source of calibration standards
	Analyzed immediately after the calibration curve
	±30% of the true value  


	
	Method Blank (MB)
	Assess system/laboratory contamination
	Same source reagent water
	2 per every 30 samples 
	≤0.5 of QL 


	
	Continuing calibration checks (CCC) and/or end Calibration check 
	Assess whether the instrument is within acceptable calibration throughout period in which samples were analyzed
	A same source calibration standard
	Analysis of mid-level CCC at the end of the analytical sequence
	±30% of the true value


	
	Field duplicate 
	Assess field sampling precision and homogeneity
	Two separate samples collected at the same time
	One per every batch of 20 field samples
	±30% RPD for samples  

	
	Matrix spike / matrix spike duplicate
	Assess the accuracy in a given matrix
	A separate aliquot of the sample spiked with known concentrations of analytes
	One per every batch of 20 field sample
	Recovery ±30 % of the analytes true value


	
	Field blank
	Assess contamination introduced from containers, environment and reagents
	Nanopure water with preservatives
	One blank per each test  matrix
	≤0.5 of QL 
.



[bookmark: _Toc522602539]Table 2.  Data qualifiers
	Qualifier
	Definitions

	U
	The analyte was analyzed for, but not detected above the reported sample quantitation limit.

	J
	The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.  The RL may be increased due to contamination in the blank, or holding times may be exceeded.

	K
	The result is an estimated quantity, but the result may be biased high.

	L
	For both detected and non-detected results, the result is estimated but may be biased low.

	Q
	Used whenever a QC parameter is outside the acceptable limits.

	R
	The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet QC criteria. The presence or absence of the analyte cannot be confirmed.



[bookmark: _Toc522602540][bookmark: _Hlk519174301]Table 3.  Established MDL and estimated QL for PFAS
	Contaminants
	MDL ng/L
	QL ng/L

	Per-and poly-fluoroalkyl substances (PFAS)

	Perfluorooctanoic Acid (PFOA)
	1.7
	10

	Perfluorooctane Sulfonate (PFOS)
	2.2
	10

	Perfluoroheptanoic Acid (PFHpA)
	1.0
	10

	Perfluorobutane Sulfonate (PFBS)
	0.8
	10

	Perfluorohexane Sulfonate (PFHxS)
	1.2
	10

	Perfluorononanoic Acid (PFNA)
	1.1
	10


Note:  For each analyte, the lowest calibration standard concentration served as the QL.  Actual MDLs and QLs were included with the analytical reports for PFAS analyses.  If required, data were reported less than the lowest calibration standard with a “J” qualifier. 



[bookmark: _Toc522602541]Table 4.  List of analytical methods
	Parameter
	Laboratory
	Analytical Method / Instrument

	Per-and poly-fluoroalkyl substances (PFAS)
	EPA Region 5
	Region 5 PFC SOP / Waters Acquity H-Class, Waters Xevo TQ-S (LC/MS/MS)

	Temperature
	T&E Facility
	NIST Thermometer

	pH
	T&E Facility
	Standard Method 4500B / Thermo Scientific Orion 5 Star or equivalent, temperature compensated 

	Turbidity
	T&E Facility
	HACH® Turbidimeter

	Free Chlorine
	T&E Facility
	HACH® Method 8021 / HACH® Spectrophotometer

	Total Organic Carbon (TOC)
	T&E Facility
	EPA Method 415.3 / Total Organic Carbon (TOC) Analyzer Persulfate-UV Oxidation 

	Total Dissolved Solids (TDS)
	T&E Facility
	Wet Chemistry (filtration and evaporation)

	Hardness
	T&E Facility
	EDTA Titrimetric Method / Manual Titration





[bookmark: _Toc522602542]Table 5.  Sample containers, preservation and holding times
	Parameter
	Sample Containers
	Quantity of Influent and Effluent Samples
	Preservation
	Max. Holding Time

	Total Organic Carbon (TOC) (mg/L)
	100 mL Amber Glass
	1 x 100 mL Influent 
1 x 100 mL Effluent
	No headspace H3PO4, pH<2; 
Cool <6°C
	28 days

	Total Dissolved Solids (TDS) (mg/L)
	1 L HDPE Amber
	1 x 1 L Influent 
1 x 1 L Effluent
	Cool <6°C
	7 days

	Turbidity (NTU)
	100 mL HDPE or glass jar or beaker
	1 x 100 mL Influent 
1 x 100 mL Effluent
	Cool <6°C
	48 hours

	Hardness (mg/L)
	250 mL HDPE or glass jar
	1 x 250 mL Influent 
1 x 250 mL Effluent
	pH <2, HNO3
	6 months

	Free Chlorine* (mg/L)
	40-50 mL / Glass beaker
	1 x 50 mL Influent 
1 x 50 mL Effluent
	None
	Analyze Immediately

	pH (pH Units)
	40-50 mL / Glass beaker
	1 x 50 mL Influent 
1 x 50 mL Effluent
	None
	Analyze Immediately

	Temperature (ºC)
	40-50 mL / Glass beaker
	1 x 50 mL Influent 
1 x 50 mL Effluent
	None
	Analyze Immediately

	Per-and poly-fluoroalkyl substances (PFAS) (ng/L)
	15 mL Polypropylene Container
	3 x 5 mL Influent 
3 x 5 mL Effluent
	Cool <6°C
	28 days

	Temperature blank 
(EPA Region 5)
	One 40 mL Vial
	1 x 40 mL per cooler
	Cool <6°C
	Measure temperature upon receipt




[bookmark: _Toc522602543]Table 6.  PFAS Concentrations in 5000-gallon tank during stability study
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	0
	938 J
	130 J
	233 J
	9.08 JU
	938 J
	214 J

	1
	8
	919 J
	141 J
	242 J
	9.56 JU
	936 J
	217 J

	2
	0
	899 J
	137 J
	247 J
	9.85 JU
	889 J
	211 J

	2
	8
	941 J
	139 J
	242 J
	9.79 JU
	952 J
	217 J

	3
	0
	940 J
	139 J
	233 J
	9.68 JU
	942 J
	207 J

	3
	8
	967 J
	152 J
	244 J
	9.38 JU
	992 J
	227 J

	4
	0
	921 J
	147 J
	251 J
	9.83 JU
	958 J
	224 J

	4
	8
	963 J
	163 J
	256 J
	9.25 JU
	986 J
	240 J

	5
	0
	947 J
	143 J
	253 J
	9.41 JU
	970 J
	221 J

	5
	8
	960 J
	155 J
	277 J
	9.31 JU
	1070 J
	242 J

	8
	0
	963 J
	139 J
	252 J
	9.82 JU
	997 J
	220 J

	8
	8
	964 J
	141 J
	246 J
	9.17 JU
	964 J
	210 J


J – Estimated value; samples received at CRL above 4°C.
U - Below reporting limit.

[bookmark: _Toc522602544]Table 7.  PFAS Concentrations in 55-gallon drum during stability study
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	0
	1010 J
	172 J
	273 J
	9.69 JU
	1180 J
	234 J

	1
	8
	977 J
	139 J
	240 J
	9.42 JU
	1020 J
	213 J

	2
	0
	1040 J
	178 J
	256 J
	9.64 JU
	1050 J
	263 J

	2
	8
	1020 J
	161 J
	261 J
	9.56 JU
	1030 J
	232 J

	3
	0
	1110 J
	197 J
	259 J
	9.98 JU
	1030 J
	275 J

	3
	8
	1080 J
	187 J
	277 J
	9.28 JU
	1060 J
	272 J

	4
	0
	1030 J
	288 J
	257 J
	9.45 JU
	1060 J
	304 J

	4
	8
	870 J
	143 J
	247 J
	9.28 JU
	974 J
	208 J

	5
	0
	1100 J
	173 J
	296 J
	9.94 JU
	1060 J
	275 J

	5
	8
	1150 J
	191 J
	255 J
	9.33 JU
	1050 J
	278 J

	8
	0
	1030 J
	247 J
	275 J
	9.93 JU
	1050 J
	288 J

	8
	8
	944 J
	158 J
	280 J
	9.52 JU
	1040 J
	232 J


J – Estimated value; samples received at CRL above 4°C.
U - Below reporting limit.


[bookmark: _Toc522602545]Table 8.  Water quality parameters in 5000-gallon tank during stability study
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	0
	26.6
	8.56
	0.58
	0.01
	1.0056
	528
	266.4

	1
	8
	28.4
	8.56
	0.34
	NA
	0.9215
	523
	262.8

	2
	0
	25.6
	8.58
	0.38
	NA
	0.6509
	529
	262.8

	2
	8
	28.8
	8.55
	0.31
	NA
	0.671
	528
	266.4

	3
	0
	26.6
	8.58
	0.33
	NA
	0.6487
	549
	270.0

	3
	8
	29.1
	8.54
	0.26
	NA
	0.6604
	544
	288.8

	4
	0
	25.0
	8.61
	0.27
	NA
	0.7716
	538
	285.0

	4
	8
	24.9
	8.64
	0.25
	NA
	0.6475
	541
	296.4

	5
	0
	25.3
	8.60
	0.32
	NA
	0.649
	539
	281.2

	5
	8
	25.4
	8.64
	0.28
	NA
	0.6462
	539
	285.0

	8
	0
	27.0
	8.61
	0.62
	NA
	0.6977
	549
	296.4

	8
	8
	26.2
	8.63
	0.32
	NA
	0.6619
	548
	292.6


NA - Not Analyzed
[bookmark: _Toc522602546]Table 9.  Water quality parameters in 55-gallon drum during stability study
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	0
	26.5
	8.56
	0.57
	0.01
	1.5149
	530
	277.2

	1
	8
	24.4
	8.58
	0.57
	NA
	1.4847
	528
	259.2

	2
	0
	22.8
	8.58
	0.46
	NA
	1.4713
	536
	270.0

	2
	8
	22.8
	8.58
	0.39
	NA
	1.4599
	529
	273.6

	3
	0
	22.0
	8.58
	0.44
	NA
	1.4347
	544
	270.0

	3
	8
	22.3
	8.56
	0.37
	NA
	1.4516
	551
	273.6

	4
	0
	21.9
	8.60
	0.35
	NA
	1.4696
	548
	285.0

	4
	8
	21.4
	8.59
	0.43
	NA
	1.5247
	543
	292.6

	5
	0
	21.0
	8.58
	0.36
	NA
	1.4095
	548
	292.6

	5
	8
	21.2
	8.60
	0.39
	NA
	1.4134
	553
	300.2

	8
	0
	21.2
	8.61
	0.44
	NA
	1.4402
	563
	292.6

	8
	8
	20.9
	8.63
	0.33
	NA
	1.5439
	560
	292.6


NA - Not Analyzed


[bookmark: _Toc522602547]Table 10.  Influent PFAS concentrations for iSpring RO Test 1
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	878
	1570
	377
	373
	1030
	280

	1
	8
	1080
	2580
	375
	362
	1110
	381

	2
	0
	886
	2210
	343
	316
	964
	326

	2
	6
	907
	1690
	374
	355
	1010
	314

	2
	12
	1010
	2680
	384
	380 L
	1090
	365 J

	3
	0
	978
	1610
	361
	353
	1140
	259

	3
	6
	955
	1530
	348
	348
	1030
	244

	3
	12
	1080
	2230
	347
	348
	1090
	352

	4
	0
	881
	1370
	338
	341
	977
	234

	4
	6
	941
	1510
	339
	338
	1060
	244

	4
	12
	899
	1490
	330
	324
	1030
	226

	7
	0
	916
	1450
	331
	332
	1020
	219

	7
	4
	1040
	1690
	348
	334
	1150
	258 J


L – Value may be biased low.
J – Value estimated because closing continuing calibration check failed.

[bookmark: _Toc522602548]Table 11.  Effluent PFAS concentrations for iSpring RO Test 1
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	9.94 U
	9.94 U
	9.94 U
	9.94 U
	9.94 U
	9.94 U

	1
	8
	9.65 U
	9.65 U
	9.65 U
	9.65 U
	9.65 U
	9.65 U

	2
	0
	10.0 U
	10.0 U
	10.0 U
	10.0 U
	10.0 U
	10.0 U

	2
	6
	9.82 U
	9.82 U
	9.82 U
	9.82 U
	9.82 U
	9.82 U

	2
	12
	9.69 U
	9.69 U
	9.69 U
	9.69 U
	9.69 U
	9.69 U

	3
	0
	8.15 U
	8.15 U
	8.15 U
	8.15 U
	8.15 U
	8.15 U

	3
	6
	9.81 U
	9.81 U
	9.81 U
	9.81 U
	9.81 U
	9.81 U

	3
	12
	9.47 U
	9.47 U
	9.47 U
	9.47 U
	9.47 U
	9.47 U

	4
	0
	10.0 U
	10.0 U
	10.0 U
	10.0 U
	10.0 U
	10.0 U

	4
	6
	9.91 U
	9.91 U
	9.91 U
	9.91 U
	9.91 U
	9.91 U

	4
	12
	10.1 U
	10.1 U
	10.1 U
	10.1 U
	10.1 U
	10.1 U

	7
	0
	9.96 U
	9.96 U
	9.96 U
	9.96 U
	9.96 U
	9.96 U

	7
	4
	9.39 U
	9.39 U
	9.39 U
	9.39 U
	9.39 U
	9.39 U


U - Below reporting limit.
[bookmark: _Toc522602549]Table 12.  Influent water quality parameters for iSpring RO Test 1
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	22.8
	8.47
	0.37
	0.02
	0.7168
	573
	323.0

	1
	8
	22.0
	8.50
	0.39
	NA
	0.7004
	564
	304.0

	2
	0
	23.0
	8.47
	0.52
	NA
	0.6948
	566
	288.8

	2
	6
	23.0
	8.50
	0.39
	NA
	0.7092
	544
	296.4

	2
	12
	22.8
	8.49
	0.45
	NA
	0.6950
	571
	315.4

	3
	0
	22.5
	8.46
	0.52
	NA
	0.8432
	576
	300.2

	3
	6
	22.5
	8.44
	0.44
	NA
	0.7320
	568
	296.4

	3
	12
	22.4
	8.54
	0.45
	NA
	0.7359
	554
	296.4

	4
	0
	22.3
	8.50
	0.44
	NA
	0.7383
	564
	296.4

	4
	6
	22.2
	8.45
	0.38
	NA
	0.6799
	514
	296.4

	4
	12
	22.1
	8.53
	0.40
	NA
	0.6074
	555
	285.0

	7
	0
	22.4
	8.53
	0.30
	NA
	0.4595 LQ
	574
	285.0

	7
	4
	23.1
	8.61
	0.34
	NA
	0.4028 LQ
	567
	311.6


NA - Not Analyzed
L - For both detected and non-detected results, the result is estimated but may be biased low.
Q - Final check standard recovery was low.



[bookmark: _Toc522602550]Table 13.  Effluent water quality parameters for iSpring RO Test 1
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	23.2
	7.20
	0.24
	0
	0.0875 U
	7
	3.8

	1
	8
	22.2
	7.61
	0.13
	NA
	0.1353 U
	3
	3.8

	2
	0
	22.6
	8.10
	0.23
	NA
	0.1463 U
	10
	1.9

	2
	6
	22.9
	7.47
	0.13
	NA
	0.0892 U
	8
	3.8

	2
	12
	22.6
	7.54
	0.10
	NA
	0.1077 U
	12
	3.8

	3
	0
	22.5
	8.45
	0.55
	NA
	0.1005 U
	7
	1.9

	3
	6
	22.5
	7.17
	0.34
	NA
	0.0968 U
	4
	3.8

	3
	12
	22.5
	7.37
	0.12
	NA
	0.2788 U
	3
	3.8

	4
	0
	22.3
	7.69
	0.36
	NA
	0.1012 U
	7
	3.8

	4
	6
	22.3
	7.53
	0.17
	NA
	0.0713 U
	6
	5.7

	4
	12
	22.5
	7.92
	0.31
	NA
	0.1090 LQU
	6
	3.8

	7
	0
	22.4
	7.08
	0.16
	NA
	0.0576 LQU
	4
	1.9

	7
	4
	22.9
	7.38
	0.14
	NA
	0.1671 LQU
	3
	3.8


NA - Not Analyzed
L - For both detected and non-detected results, the result is estimated but may be biased low.
Q - Final check standard recovery was low.
U - Below detection limit.

[bookmark: _Toc522602551]Table 14.  Influent PFAS Concentrations for HydroLogic RO Test 2
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	1190
	2810
	364
	361
	1170
	413

	1
	8
	806
	1100
	342
	371
	881
	193

	2
	0
	941
	1440
	352
	382
	981
	238

	2
	6
	2580
	6770
	470
	377
	1930
	967

	2
	12
	846
	1390
	342
	372
	942
	225

	7
	0
	799
	1360
	325
	363
	844
	210

	7
	4
	805
	1330
	315
	366
	910
	192





[bookmark: _Toc522602552]Table 15.  Effluent PFAS Concentrations for HydroLogic RO Test 2
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	9.49 U
	9.49 U
	9.49 U
	9.49 U
	9.49 U
	9.49 U

	1
	8
	9.27 U
	21.5
	9.27 U
	9.27 U
	9.27 U
	9.27 U

	2
	0
	9.72 U
	9.72 U
	9.72 U
	9.72 U
	9.72 U
	9.72 U

	2
	6
	9.50 U
	9.50 U
	9.50 U
	9.50 U
	9.50 U
	9.50 U

	2
	12
	9.75 U
	9.75 U
	9.75 U
	9.75 U
	9.75 U
	9.75 U

	7
	0
	21.4
	77.2
	10.2 U
	10.2 U
	10.6
	49

	7
	4
	9.88 U
	20.2
	9.88 U
	9.88 U
	9.88 U
	9.88 U


U - Below reporting limit.
[bookmark: _Toc522602553]Table 16.  Influent water quality parameters for HydroLogic RO Test 2
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	22.1
	8.34
	0.34
	0.02
	1.1628
	525
	292.6

	1
	8
	21.8
	8.36
	0.30
	NA
	1.2914
	540
	296.4

	2
	0
	22.1
	8.45
	0.33
	NA
	1.0734
	539
	292.6

	2
	6
	22.5
	8.58
	0.38
	NA
	1.09
	531
	296.4

	2
	12
	23.1
	8.53
	0.41
	NA
	1.1002
	524
	277.4

	7
	0
	22.2
	8.49
	0.33
	NA
	1.1016
	514
	300.2

	7
	4
	22.8
	8.50
	0.33
	NA
	1.1428
	507
	285.0


NA - Not Analyzed
[bookmark: _Toc522602554]Table 17.  Effluent water quality parameters for HydroLogic RO Test 2
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	22.1
	7.77
	0.12
	0
	0.1937 U
	18
	1.9

	1
	8
	22.3
	7.50
	0.13
	NA
	0.1459 U
	18
	1.9

	2
	0
	22.5
	7.16
	0.12
	NA
	0.1245 U
	18
	1.9

	2
	6
	22.6
	7.12
	0.16
	NA
	0.1336 U
	12
	1.9

	2
	12
	23.4
	7.27
	0.18
	NA
	0.1367 U
	5
	1.9

	7
	0
	22.3
	7.55
	0.22
	NA
	0.1510 U
	29
	1.9

	7
	4
	22.9
	7.26
	0.24
	NA
	0.2646 U
	7
	3.8


NA - Not Analyzed
U - Below detection limit.

[bookmark: _Toc522602555]Table 18.  Influent PFAS Concentrations for Flexeon RO Test 3
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	839 J
	1400 J
	258 J
	361 J
	976 J
	210 J

	1
	8
	1020 J
	2920 J
	260 J
	354 J
	1040 J
	360 J

	2
	0
	866 J
	1620 J
	255 J
	362 J
	983 J
	220 J

	2
	6
	1030 J
	1810 J
	271 J
	351 J
	1130 J
	275 J

	2
	12
	872 J
	1660 J
	255 J
	355 J
	927 J
	237 J

	7
	0
	800 J
	1290 J
	240 J
	333 J
	932 J
	192 J

	7
	4
	838 J
	1380 J
	241 J
	336 J
	963 J
	199 J


J – Estimated value; samples received at CRL above 4°C.
[bookmark: _Toc522602556]Table 19.  Effluent PFAS Concentrations for Flexeon RO Test 3
	
Day
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	1
	4
	9.48 JU
	9.48 JU
	9.48 JU
	9.48 JU
	9.48 JU
	9.48 JU

	1
	8
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU

	2
	0
	9.84 JU
	9.84 JU
	9.84 JU
	9.84 JU
	9.84 JU
	9.84 JU

	2
	6
	9.94 JU
	9.94 JU
	9.94 JU
	9.94 JU
	9.94 JU
	9.94 JU

	2
	12
	9.56 JU
	9.56 JU
	9.56 JU
	9.56 JU
	9.56 JU
	9.56 JU

	7
	0
	9.93 JU
	9.93 JU
	9.93 JU
	9.93 JU
	9.93 JU
	9.93 JU

	7
	4
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU


J – Estimated value; samples received at CRL above 4°C.
U - Below reporting limit.

[bookmark: _Toc522602557]Table 20.  Influent water quality parameters for Flexeon RO Test 3
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	24.2
	8.57
	0.38
	0.01
	1.1895
	454
	297.7

	1
	8
	22.7
	8.53
	0.40
	NA
	1.1729
	456
	247.0

	2
	0
	22.0
	8.58
	0.31
	NA
	1.1834
	455
	247.0

	2
	6
	22.0
	8.61
	0.33
	NA
	1.2248
	448
	247.0

	2
	12
	22.5
	8.58
	0.28
	NA
	1.2074
	452
	259.7

	7
	0
	24.4
	8.48
	0.34
	NA
	1.2755
	450
	252.0

	7
	4
	23.1
	8.48
	0.39
	NA
	1.2984
	446
	240.0


NA - Not Analyzed
[bookmark: _Toc522602558]Table 21.  Effluent water quality parameters for Flexeon RO Test 3
	

Day
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	1
	4
	24.2
	9.18
	0.12
	0
	0.4828
	10
	5.7

	1
	8
	23.0
	9.01
	0.19
	NA
	0.183
	6
	5.7

	2
	0
	22.5
	8.29
	0.17
	NA
	0.214
	24
	3.8

	2
	6
	22.4
	8.19
	0.11
	NA
	0.1602
	2
	5.7

	2
	12
	22.6
	8.21
	0.12
	NA
	0.1593
	3
	5.7

	7
	0
	24.7
	7.39
	0.54
	NA
	0.1911
	16
	3.6

	7
	4
	23.5
	8.07
	0.12
	NA
	0.1166
	6
	3.6


NA - Not Analyzed 
[bookmark: _Toc522602559]Table 22.  Influent PFAS concentrations for Evoqua RSSCT Test 1
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	0
	989 J
	2030 J
	296 J
	380 J
	1140 J
	274 J

	0.5
	1000 J
	2740 J
	281 J
	374 J
	1100 J
	310 JL

	1
	989 J
	2230 J
	279 J
	364 J
	1100 J
	272 J

	1.5
	984 J
	2290 J
	278 J
	372 J
	1090 J
	280 J

	2
	991 J
	2490 J
	285 J
	372 J
	1110 J
	306 J

	2.5
	926 J
	1740 J
	282 J
	369 J
	1100 J
	246 J

	3
	963 J
	1800 J
	280 J
	372 J
	1090 J
	249 J

	3.5
	954 J
	2020 J
	277 J
	375 J
	1070 J
	266 J

	4
	982 J
	2120 J
	287 J
	374 J
	1070 J
	269 J

	4.5
	971 J
	1810 J
	281 J
	368 J
	1080 J
	253 J

	5
	943 J
	1940 J
	288 J
	371 J
	1050 J
	274 J

	5.5
	948 J
	1750 J
	285 J
	367 J
	999 J
	245 J

	6
	965 J
	1670 J
	283 J
	376 J
	1030 J
	245 J

	6.5
	966 J
	2370 J
	285 J
	360 J
	1060 J
	274 J

	7
	986 J
	1830 J
	332 J
	405 J
	1080 J
	264 J

	7.5
	932 J
	1970 J
	290 J
	369 J
	1070 J
	264 J

	8
	1030 J
	1870 J
	291 J
	367 J
	1090 J
	261 J


J – Estimated value; samples received at CRL above 4°C.
L – Sample result may be biased low.



[bookmark: _Toc522602560]Table 23.  Effluent PFAS concentrations for Evoqua RSSCT Test 1
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	0
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU

	0.5
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU

	1
	9.98 JU
	9.98 JU
	9.98 JU
	9.98 JU
	9.98 JU
	9.98 JU

	1.5
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU

	2
	10.9 JK
	12.9 J
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU

	2.5
	14.7 JK
	16.5 J
	10.0 JU
	10.0 JU
	10.0 JU
	10.0 JU

	3
	21.8 J
	25.2 J
	10.1 JU
	13.4 J
	13.4 J
	10.1 JU

	3.5
	29.9 J
	29.9 J
	11.9 JK
	20.6 J
	21.3 J
	10.3 JU

	4
	33.5 J
	33.2 J
	13.3 JK
	28.5 J
	25.1 J
	10.1 JU

	4.5
	39.4 J
	42.2 J
	15.7 JK
	34.7 J
	29.7 J
	9.87 JU

	5
	49.5 J
	50.5 J
	18.9 JK
	45.4 J
	36.6 J
	10.1 JU

	5.5
	58.7 J
	59.2 J
	23.0 JK
	56.4 J
	48.6 J
	11.4 J

	6
	67.0 J
	66.5 J
	25.6 JK
	63.9 J
	51.6 J
	13.8 J

	6.5
	77.1 J
	82.1 J
	28.6 JK
	74.0 J
	62.3 J
	14.7 J

	7
	85.1 J
	93.9 J
	34.1 J
	77.8 J
	72.2 J
	16.5 J

	7.5
	92.1 J
	108 J
	38.1 J
	91.7 J
	75.9 J
	18.6 J

	8
	98.1 J
	109 J
	40.1 J
	104 J
	87.1 J
	18.3 J


J – Estimated value; samples received at CRL above 4°C.
K – Sample result may be biased high.
U – Below reporting limit.




[bookmark: _Toc522602561]Table 24.  Influent water quality parameters for Evoqua RSSCT Test 1
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	0
	NA
	NA
	NA
	NA
	2.5172
	NA
	NA

	0.5
	NA
	NA
	NA
	NA
	NA
	NA
	264.0

	1
	NA
	NA
	NA
	NA
	2.4557
	NA
	NA

	1.5
	NA
	NA
	NA
	NA
	NA
	NA
	264.0

	2
	NA
	NA
	NA
	NA
	2.4359
	NA
	NA

	2.5
	NA
	NA
	NA
	NA
	NA
	NA
	252.0

	3
	NA
	NA
	NA
	NA
	2.4327
	NA
	NA

	3.5
	NA
	NA
	NA
	NA
	NA
	NA
	258.0

	4
	22.3
	8.58
	0.27
	0.02
	2.3868
	NA
	NA

	4.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	5
	NA
	NA
	NA
	NA
	2.3745
	NA
	NA

	5.5
	NA
	NA
	NA
	NA
	NA
	NA
	278.7

	6
	NA
	NA
	NA
	NA
	2.3479
	NA
	NA

	6.5
	NA
	NA
	NA
	NA
	NA
	NA
	259.7

	7
	NA
	NA
	NA
	NA
	2.4124
	NA
	NA

	7.5
	NA
	NA
	NA
	NA
	NA
	NA
	253.3

	8
	20.7
	8.61
	0.38
	NA
	NA
	466
	NA


NA - Not Analyzed


[bookmark: _Toc522602562]Table 25.  Effluent water quality parameters for Evoqua RSSCT Test 1
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	0
	NA
	NA
	NA
	NA
	6.0650
	NA
	NA

	0.5
	NA
	NA
	NA
	NA
	NA
	NA
	264.0

	1
	NA
	NA
	NA
	NA
	1.4955
	NA
	NA

	1.5
	NA
	NA
	NA
	NA
	NA
	NA
	234.0

	2
	NA
	NA
	NA
	NA
	1.521
	NA
	NA

	2.5
	NA
	NA
	NA
	NA
	NA
	NA
	240.0

	3
	NA
	NA
	NA
	NA
	1.5571
	NA
	NA

	3.5
	NA
	NA
	NA
	NA
	NA
	NA
	258.0

	4
	22.3
	8.60
	0.18
	0.04
	1.6714
	NA
	NA

	4.5
	NA
	NA
	NA
	NA
	NA
	NA
	264.0

	5
	NA
	NA
	NA
	NA
	1.7536
	NA
	NA

	5.5
	NA
	NA
	NA
	NA
	NA
	NA
	259.7

	6
	NA
	NA
	NA
	NA
	1.8444
	NA
	NA

	6.5
	NA
	NA
	NA
	NA
	NA
	NA
	266.0

	7
	NA
	NA
	NA
	NA
	1.8813
	NA
	NA

	7.5
	NA
	NA
	NA
	NA
	NA
	NA
	272.3

	8
	21.8
	8.61
	0.31
	NA
	NA
	470
	NA


NA - Not Analyzed


[bookmark: _Toc522602563]Table 26.  Influent PFAS concentrations for Calgon RSSCT Test 2
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	0
	918 J
	1500 J
	286 J
	377 J
	1030 J
	246 J

	0.5
	968 J
	2770 J
	287 J
	370 J
	1110 J
	324 J

	1
	941 J
	1600 J
	287 J
	379 J
	1060 J
	255 J

	1.5
	1070 J
	5210 J
	286 J
	370 J
	1020 J
	448 J

	2
	895 J
	1920 J
	277 J
	361 J
	1120 J
	253 J

	2.5
	859 J
	1950 J
	270 J
	359 JL
	1080 J
	249 J

	3
	882 J
	1680 J
	272 J
	351 J
	1080 J
	238 J

	3.5
	941 J
	3630 J
	275 J
	354 J
	1100 J
	342 J

	4
	897 J
	1640 J
	272 J
	347 J
	1050 J
	232 J

	4.5
	922 J
	1830 J
	267 J
	348 J
	1050 J
	248 J

	5
	904 J
	1650 J
	272 J
	349 J
	1110 J
	231 J

	5.5
	891 J
	1770 J
	270 J
	347 J
	1080 J
	236 J

	6
	948 J
	1700 J
	274 J
	351 J
	1100 J
	236 J

	6.5
	990 J
	2050 J
	277 J
	352 J
	1060 J
	263 J

	7
	922 J
	1610 J
	269 J
	348 J
	1060 J
	235 J

	7.5
	969 J
	2060 J
	271 J
	348 J
	1080 J
	272 J

	8
	959 J
	1590 J
	267 J
	352 J
	1090 J
	235 J


J – Estimated value; samples received at CRL above 4°C.
L – Sample result may be biased low.



[bookmark: _Toc522602564]Table 27.  Effluent PFAS concentrations for Calgon RSSCT Test 2
	Time (hr)
	PFOA
(ng/L)
	PFOS
(ng/L)
	PFHpA
(ng/L)
	PFBS
(ng/L)
	PFHxS
(ng/L)
	PFNA
(ng/L)

	0
	10.2 JU
	10.2 JU
	10.2 JU
	10.2 JU
	10.2 JU
	10.2 JU

	0.5
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU

	1
	9.87 JU
	9.87 JU
	9.87 JU
	9.87 JU
	9.87 JU
	9.87 JU

	1.5
	10.1 JU
	12.0 J
	10.1 JU
	10.1 JU
	10.1 JU
	10.1 JU

	2
	13.3 J
	17.8 J
	10.3 JU
	10.3 JU
	10.3 JU
	10.3 JU

	2.5
	22.2 J
	27.8 J
	10.1 JU
	10.1 JU
	17.3 J
	10.1 JU

	3
	35.0 J
	41.0 J
	12.2 J
	13.8 J
	28.2 J
	10.2 JU

	3.5
	50.7 J
	58.5 J
	15.8 J
	18.2 J
	41.2 J
	10.0 J

	4
	61.8 J
	74.2 J
	21.1 J
	25.3 J
	52.2 J
	12.0 J

	4.5
	71.0 J
	76.3 J
	24.8 J
	28.6 J
	61.7 J
	14.1 J

	5
	79.7 J
	90.4 J
	26.9 J
	30.6 J
	73.8 J
	16.2 J

	5.5
	93.8 J
	108 J
	31.7 J
	39.2 J
	89.9 J
	18.4 J

	6
	98.2 J
	117 J
	34.2 J
	42.5 J
	96.0 J
	19.8 J

	6.5
	117 J
	148 J
	40.9 J
	49.3 J
	110 J
	23.6 J

	7
	132 J
	153 J
	42.3 J
	51.1 J
	124 J
	25.5 J

	7.5
	165 J
	196 J
	53.7 J
	67.6 J
	149 J
	32.9 J

	8
	182 J
	221 J
	58.0 J
	68.1 J
	165 J
	36.7 J


J – Estimated value; samples received at CRL above 4°C.
U – Below reporting limit.


[bookmark: _Toc522602565]Table 28.  Influent water quality parameters for Calgon RSSCT Test 2
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	0
	NA
	NA
	NA
	NA
	2.3748
	NA
	NA

	0.5
	NA
	NA
	NA
	NA
	NA
	NA
	247.0

	1
	NA
	NA
	NA
	NA
	2.5465
	NA
	NA

	1.5
	NA
	NA
	NA
	NA
	NA
	NA
	278.7

	2
	NA
	NA
	NA
	NA
	2.5008
	NA
	NA

	2.5
	NA
	NA
	NA
	NA
	NA
	NA
	234.0

	3
	NA
	NA
	NA
	NA
	2.4558
	NA
	NA

	3.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	4
	20.3
	8.61
	0.29
	0.01
	2.4489
	NA
	NA

	4.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	5
	NA
	NA
	NA
	NA
	2.4586
	NA
	NA

	5.5
	NA
	NA
	NA
	NA
	NA
	NA
	282.0

	6
	NA
	NA
	NA
	NA
	2.4719
	NA
	NA

	6.5
	NA
	NA
	NA
	NA
	NA
	NA
	234.0

	7
	NA
	NA
	NA
	NA
	2.4406
	NA
	NA

	7.5
	NA
	NA
	NA
	NA
	NA
	NA
	270.0

	8
	19.6
	8.63
	0.32
	NA
	NA
	471
	NA


NA - Not Analyzed


[bookmark: _Toc522602566]Table 29.  Effluent water quality parameters for Calgon RSSCT Test 2
	
Time (hr)
	Temp
(°C)
	pH
	Turbidity
(NTU)
	Free Chlorine
(mg/L)
	TOC
(mg/L)
	TDS
(mg/L)
	Hardness
(mg CaCO3/L)

	0
	NA
	NA
	NA
	NA
	0.7078
	NA
	NA

	0.5
	NA
	NA
	NA
	NA
	NA
	NA
	266.0

	1
	NA
	NA
	NA
	NA
	0.6413
	NA
	NA

	1.5
	NA
	NA
	NA
	NA
	NA
	NA
	285.0

	2
	NA
	NA
	NA
	NA
	0.9649
	NA
	NA

	2.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	3
	NA
	NA
	NA
	NA
	1.1623
	NA
	NA

	3.5
	NA
	NA
	NA
	NA
	NA
	NA
	234.0

	4
	21.3
	8.71
	0.19
	-0.03
	1.3938
	NA
	NA

	4.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	5
	NA
	NA
	NA
	NA
	1.5212
	NA
	NA

	5.5
	NA
	NA
	NA
	NA
	NA
	NA
	240.0

	6
	NA
	NA
	NA
	NA
	1.6364
	NA
	NA

	6.5
	NA
	NA
	NA
	NA
	NA
	NA
	240.0

	7
	NA
	NA
	NA
	NA
	1.6634
	NA
	NA

	7.5
	NA
	NA
	NA
	NA
	NA
	NA
	246.0

	8
	20.9
	8.71
	0.20
	NA
	NA
	478
	NA


NA - Not Analyzed 


[bookmark: _Toc522602567]Table 30.  PFAS AdDesignS™ Model Input Parameters
	GAC
	PFAS
	Kf
	K
	1/n
	dp
	ds

	Evoqua 1230CX
	PFBS
	0.00613
	19.354317
	0.45
	8.43E-06
	1.31E-10

	
	PFHpA
	0.00808
	30.826032
	0.45
	7.94E-06
	1.92E-12

	
	PFHxS
	0.00797
	105.445498
	0.45
	6.26E-06
	1.16E-12

	
	PFNA
	0.01077
	36.955921
	0.45
	6.43E-06
	1.07E-11

	
	PFOA
	0.00634
	91.528488
	0.45
	6.74E-06
	2.34E-12

	
	PFOS
	0.00726
	207.547312
	0.45
	5.6E-06
	1.41E-12

	Calgon Filtrasorb 600 AR+
	PFBS
	0.00701
	15.680191
	0.45
	9.25E-06
	1.19E-11

	
	PFHpA
	0.0052
	12.703420
	0.45
	7.23E-06
	8.68E-11

	
	PFHxS
	0.00513
	38.212900
	0.45
	7.51E-06
	2.86E-11

	
	PFNA
	0.00695
	15.030018
	0.45
	6.93E-06
	5.89E-11

	
	PFOA
	0.00495
	30.815503
	0.45
	5.28E-06
	6.33E-11

	
	PFOS
	0.00567
	60.178352
	0.45
	3.65E-06
	7.83E-11
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METHOD 415.3

DETERMINATION OF TOTAL ORGANIC CARBON AND SPECIFIC UV ABSORBANCE

1.0

2.0

11

1.2

21

2.2

AT 254 nm IN SOURCE WATER AND DRINKING WATER

SCOPE AND APPLICATION

This method provides procedures for the determination of total organic carbon (TOC),
dissolved organic carbon (DOC), and UV absorption at 254 nm (UVA) in source
waters and drinking waters. The DOC and UV A determinations are used in the
calculation of the Specific UV Absorbance (SUVA). For TOC and DOC analysis, the
sampleis acidified and the inorganic carbon (IC) is removed prior to andysis for
organic carbon (OC) content using a TOC instrument system. The measurements of
TOC and DOC are based on cdibration with potassium hydrogen phthalate (KHP)
standards. This method is not intended for use in the analysis of treated or untreated
industrial wastewater discharges as those wastewater samples may damage or
contaminate the instrument system(s).

The three (3) day, pooled organic carbon detection limit (OCDL) is based on the
detection limit (DL) calculation.* It isastatistical determination of precision, and
may be below thelevel of quantitation. The determination of OCDL is dependent on
the analyticd instrument system’s precision, the purity of laboratory reagent water
(LRW), and the skill of the analyst. Different TOC instrument systems have
produced significantly different OCDL s that range between 0.02 and 0.12 mg/L OC
for both TOC and DOC measurements. Examples of these datacan be seenin
Section 17, Table 17.1. It should be noted that background levels of OC
contamination are problematic. The minimum reporting level (MRL) for TOC and
DOC will depend on the laboratory’ s ability to control background levels (Sect. 4).

SUMMARY OF METHOD

In both TOC and DOC determinations, organic carbon in the water sampleis oxidized
to produce carbon dioxide (CO,), which is then measured by a detection system.
There are two different approaches for the oxidation of organic carbon in water
samples to carbon dioxide gas: (a) combustion in an oxidizing gas and (b) UV
promoted or heat catalyzed chemical oxidation with a persulfate solution. Carbon
dioxide, which is released from the oxidized sample, is detected by a conductivity
detector or by a nondispersive infrared (NDIR) detector. Instruments using any
combination of the above technologies may be used in this method.

Settleable solids and floating matter may cause plugging of vaves, tubing, and the
injection needle and/or injection port. The TOC procedure dlows the removal of
settleable solids and floating matter. The suspended matter is considered part of the
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2.5

2.6

3.0

31

3.2

sample. The resulting water sample is then considered a close approximation of the
origind whole water sample for the purpose of TOC measurement.

The DOC procedure requires that the sample be passed through a 0.45-um filter prior
to analysis to remove particulate OC from the sample.

The TOC and DOC procedures require that dl 1C be removed from the sample before
the sampleis analyzed for organic carbon content. If the IC is not completely
removed, significant error will occur. The sample, whichisthen freefrom IC
interference, isinjected into a TOC instrument system. Theorganic carbon is
oxidized to CO, which is released from the sample, detected, and reported as mg/L or
ppm TOC or DOC.

The UV A procedure requires that the sample be passed through a 0.45-um filter and
transferred to aquartz cell. It isthen placed in a spectrophotometer to measure the
UV absorbance at 254 nm and reported in cm™.

The SUVA calculation requires both the DOC and UVA measurement. The SUVA is
calculated by dividing the UV absorbance of the sample (in cm®) by the DOC of the
sample (in mg/L) and then multiplying by 100 c/M. SUVA isreported in units of
L/mg-M. The formulafor the SUVA may befound in Section 12.2.

DEFINITIONS AND TERMS
NOTE: To assist the reader, a table of acronyms can be found in Section 3.20.

ANALYSISBATCH - A set of samples prepared and analyzed on the same
instrument during a 24-hour period. For a TOC/DOC andysis batch, the set may
contain: calibration standards, laboratory reagent blank and/or filter blanks, field
blank, field samples, laboratory fortified matrix sample, field duplicate sample, and
continuing calibration check standards. For a UV A analysis batch, the set may
contain: filter blanks, field samples, field blank, field duplicate sample, and
spectrophotometer check solutions with associated blank. An andysisbatchis
limited to 20 field samples. QC samples are not counted towards the 20 sample limit.
QC requirements are summarized in Table 17.6.

BLANKS - Prepared from avolume of LRW (Sect. 3.9) and used as needed to fulfill
guality assurance requirements and to monitor the analytical system.

3.21 CALIBRATION BLANK (CB) - The calibration blank isa volume of LRW
that is treated with the same reagents used in the preparation of the calibration
standards. The CB isa“zero standard” and is used to cdibrate the TOC
instrument. The CB is made at the same time as the calibration standards and
stored dong with and under the same conditions as the calibration standards.
The CB is also used to monitor increases in organic background found in the
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322
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324

calibration standards over time by analyzing it as a sample and comparing the
results with initial analysis of the CB.

FIELD REAGENT BLANK (FRB) - A volume, equivalent to that which is
collected at a sample site, of LRW is placed in a sample bottle or vial. A
second empty sample bottle or vid accompanies the LRW sample container to
the samplesite. At the samplesite, the LRW is transferred into the empty
bottle or vial which then becomesthe FRB. The FRB istreaied asasamplein
all respectsincluding shipment from the sampling site, exposure to the
sampling site conditions, storage, preservation, and dl analytical procedures.
The purpose of the FRB is to determineif the TOC, DOC, and UVA
measurements of the samples collected in the field are free from interferences
or contamination as a result of the sample collection procedure and/or
transport of the sample(s) to the laboratory. The FRB is optiond and is
usually used when the laboratory suspects a problem in sample collection and
handling.

FILTER BLANK (FB) - The FB isan aliquot of LRW that isfiltered and
analyzed using the same procedures as field samples undergoing DOC and
UVA determinations. For DOC and UV A analyses, the FB serves asthe LRB.
The FB will give an indication of overdl contribution of organic carbon
contamination from laboratory sources such asthe LRW itself, labware
cleaning procedures, reagents, the filter apparatus, filter, and instrument
system(s).

LABORATORY REAGENT BLANK (LRB) - A volume of LRW that is
prepared with each sample set and istreated exactly asa TOC sample
including exposure to all glassware, plasticware, equipment, and reagents that
are used with other samples. The LRB is used to determine if organic
contamination or other interferences are present in the laboratory environment,
reagents, apparatus, or procedures. The LRB must be acidified and sparged
following the same procedure asis used to prepare the TOC sample(s).

CALIBRATION SOLUTIONS - Calibration should be performed according to the
manufacturer’s operation manual. The following solutions are used to calibrate the
TOC instrument system for TOC or DOC determinations (calibration solutions are
not used for UVA determination):

331

ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS) - A
concentrated solution contai ning potassium hydrogen phthalate (KHP) in
LRW water that is prepared in the laboratory or is an assayed KHP standard
solution purchased from a commercial source. The OC-PDSisused for the
preparation of organic carbon calibration standards (OC-CAL), continuing
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3.9

calibration check standards (CCC), and laboratory fortified matrix samples
(LFM).

3.3.2 ORGANIC CARBON CALIBRATION STANDARD (OC-CAL) - A solution
prepared from the OC-PDS and diluted with LRW to various concentrations.
The OC-CAL solutions are used to cdibrate the instrument response with
respect to organic carbon concentration.

3.3.3 CONTINUING CALIBRATION CHECK (CCC) - An OC-CAL solution
which is analyzed periodically to verify the accuracy of the existing calibration
of the instrument (Sect. 10.3).

DISSOLVED ORGANIC CARBON (DOC) - Organic matter, contained in awater
sample that is soluble and/or colloidal, that can pass through a 0.45-um filter.

FIELD DUPLICATES (FD1 and FD2) - Two separate samples collected at the same
time and place under identical circumstances, and treated exactly the same throughout
field and laboratory procedures. Analyses of FD1 and FD2 give a measure of the
precision associated with sample collection, preservation, and storage, aswell as
|aboratory procedures.

INORGANIC CARBON (IC) - Carbon in water samples from non organic sources,
composed mainly from dissolved minera carbonates and carbon dioxide. IC can
interfere with the determination of TOC and DOC if it is not removed.

LABORATORY FORTIFIED BLANK (LFB) —An aiquot of LRW or other blank
matrix to which aknown quantity of KHP is added in the laboratory. The LFB is
subjected to the same preparation and analysis as asample. The purpose of the LFB
isto determine whether the methodology isin control, and whether the laboratory is
capable of making accurate and preci se measurements. For this method, a TOC LFB
isthe same as a CCC (Sect. 10.3) and no additional LFB isrequired. One LFB is
required with each DOC analysis batch. No LFB isrequired for UVA analysis.

LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of afield
sample to which aknown quantity of KHP is added in the laboratory. The LFM is
subjected to the same preparation and analysis as a sample, and its purpose isto
determine whether the sample matrix affects the accuracy of the TOC or DOC
analytical results. The background concentration of organic carbon in the sample
matrix must be determined in a separate aliquot and the measured value in the LFM
corrected for background concentration.

LABORATORY REAGENT WATER (LRW) - The LRW may be distilled and/or
deionized (DI) water, or high pressure liquid chromatography (HPL C) reagent grade
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3.15

3.16

3.17

3.18

or equivalent water which islow in TOC concentration, meeting the requirements as
stated in Section 7.2.

MATERIAL SAFETY DATA SHEET (MSDS) - Written information provided by a
vendor describing a chemical’ s toxicity, health hazards, physica and chemical
properties (flammability, reactivity, etc.), storage, handling, and spill precautions.

MINIMUM REPORTING LEVEL (MRL) - The minimum concentration of organic
carbon that can be reported as a quantified value in a samplefollowing analysis. This
concentration is determined by the background level of the analyte in the LRBs and
the sensitivity of the method to organic carbon. See Section 9.10 for guidelinesin the
establishment of the MRL.

ORGANIC CARBON DETECTION LIMIT (OCDL) - The calculated minimum
concentration of a known amount of organic carbon (OC) added to the LRW that can
be identified, measured as either TOC or DOC, and reported with 99% confidence
that the OC concentration is greater than zero as per the procedure in Section 9.2.7.

ORGANIC CARBON (OC) - In this method, when a concentration or instrument
reading appliesto either a TOC or DOC determination, the term “OC” may be used.
For example, the LRB must not exceed 0.35 mg/L OC.

ORGANIC MATTER - A mixture of organic compounds (carbon-carbon, carbon-
hydrogen bonded compounds) naturally occurring and/or man-made that are found in
source water used by drinking water utilities. The quantity and quality of the OM in
source water is measured by TOC/DOC instrument systems or is measured by UVA.

QUALITY CONTROL SAMPLE (QCS) - A solution containing a known
concentration of an organic carbon compound(s) which is analyzed exactly like a
sample. The QCS is obtained from a source external to the laboratory and is different
from the source used for preparing the calibration standards. It isused to check
laboratory and instrument performance.

SOURCE WATER - Surface water or ground water that is used by a drinking water
utility to produce potable water for public consumption.

SPECIFIC UV ABSORBANCE AT 254 nm (SUVA) - A measure of DOC aromatic
content that is calculated by measuring the DOC and the UV absorbance at 254 nm of
a 0.45-um filtered water sample. SUVA is calculated according to the equation given
in Section 12.2.

TOTAL CARBON (TC) - A measure of the OC and IC contained in awater sample.

In this method, IC isremoved from the sample. Therefore, the TC reported by a TOC
instrument system will be equal to the TOC or DOC measurement.
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TOTAL ORGANIC CARBON (TOC) - The gross amount of organic matter (carbon
not removed by the IC removal step) found in natural water. Suspended particulate,
colloidd, and dissolved organic matter are a part of the TOC measurement. For this
method, the TOC definition excludes the contribution of floating vegetative or animal
matter, and volatile organic matter found in source water. Settleable solids consisting
of inorganic sediments and some organic particulate are not transferred from the
sample by the laboratory analyst and are not a part of the TOC measurement.

TABLE OF ACRONYMS
Acronym Term
CB calibration blank
CCC continuing calibration check
COMM-BKS commercial spectrophotometer background
solution
COMM-SCS gglrlrjltrroenrcial spectrophotometer check
DOC dissolved organic carbon
FB filter blank
FD field duplicate
FRB field reagent blank
IC inorganic carbon
IDC initial demonstration of capability
KHP potassium hydrogen phthalate
LFB laboratory fortified blank
LFM laboratory fortified matrix
LRB laboratory reagent blank
LRW laboratory reagent water
MRL minimum reporting level
MSDS material safety data sheet
OC-CAL organic carbon calibration standard
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4.2

4.3

Acronym Term
OC-PDS organic carbon primary dilution standard
OCDL organic carbon detection limit
QCS quality control sample
SCS spectrophotometer check solution
SDWA Safe Drinking Water Act
SOP standard operating procedure
SUVA specific UV absorbance
TC total carbon
TOC total organic carbon
UVA UV absorbance

CONTAMINATION AND INTERFERENCES

SPECIAL CONSIDERATIONS FOR ONSITE UTILITY LABORATORIES -
Aerosols (foam and mist) from the operation of a water treatment plant contain
organic carbon and will contaminate glassware, reagents, sample collection
equipment, and onsite laboratory equipment if they are exposed to air at the water
utility. For an onsite laboratory, it is recommended that ar be filtered and isolated
from organic fumes generated by petroleum products and combustion gases which
come from the operation of some water utility equipment. Work traffic in the onsite
laboratory should be minimized as it may produce dust containing organic matter that
will result in the contamination of unprotected samples and |aboratory equipment.

All glassware must be meticulously cleaned. Wash glassware with detergent and tap
water, rinse with tap water followed by reagent water. Non-volumetric glassware may
then be heated in amuffle furnace at 425 °C for 2 hoursto eliminate interferences.
Volumetric glassware should not be heated above 120 °C. Alternate cleaning
procedures, such as acid rinsing and heating at lower temperatures, may be employed,
providing that these procedures are documented in alaboratory SOP and LRBs are
monitored as per Section 9.9.

Laboratory water systems have been known to contaminate samples due to bacterial
breakthrough from resin beds, activated carbon, and filters. Laboratory water systems
should be maintained and monitored frequently for carbon background and bacterial
growth. It isrecommended that the LRW be filtered through a0.22-um filter
membrane to prevent bacterial contamination of TOC instrument systems, reagents,
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and samples. The LRW, sample transfer (pipet), glassware, and sample bottles are the
principle source for organic background in the analytical system. However, it is not
possible to control dl sources of organic carbon contamination. Therefore, this
method allows for instrument background correction or adjusting the zero reference
point of the instrument for organic carbon background that is found in the analytical
system. ? There are many ways to correct for organic carbon background. Consult the
instrument manufacturer’ s operation manual for the instrument background correction
procedure. Subtraction of LRB or FB measurements from TOC, DOC, or UVA
sample results is not allowed.

High concentrations of OC, both man-made and naturally occurring, can cause gross
contamination of the instrument system, changes in calibration, and damage to valves,
pumps, tubing, and other components. It is recommended that analysis of a sample
known to have a concentration of OC > 10 mg/L OC be followed by the analysis of an
LRB. Itishighly recommended that known samples containing OC concentrations

> 50 mg/L OC be diluted or not run on instruments used to anayze low-level drinking
water samples.

Source waters containing ionic iron, nitrates, nitrites, and bromide have been reported
to interfere with measurements of UV A absorbance at 254 nm. ® The concentration of
the interferences and their effect on the UVA cannot be determined as each unique
sample matrix may produce a different UV A response for the same concentration of
interference or combination of interferences. This method does not treat or remove
these interferences. Therefore, suspected or known interferences may affect results
and must be flagged in the SUV A result as “suspected UV A interferences.”

Chloride exceeding 250 mg/L may interfere with persulfate oxidation methods.* °
Some instrument systems may require increased persulfate concentration and
extended oxidation times. Consult with your instrument manufacturer’s
representative or instrument operation manual for instrument settings and reagent
strengths when analyzing samples containing high levels of chloride.

Inorganic carbon (IC) interferes with TOC and DOC measurements. TOC instrument
bias due to incomplete IC removal has been reported.® ” If inorganic carbon is not
completely removed from the water sample, it will result in a positive or negative bias
depending on the way the instrument system calculates TOC (e.g., TOC =TC - IC,
TC=TOC +IC, or TOC = TC). When inorganic carbon (IC) is removed from the
sample prior to the TOC assay, as required in this method, TOC = TC and the method
biasis minimized.

SAFETY

Fast-moving source water, steep inclines, water condulits, and electrical hazards may
present specia safety considerations for the sample collector. The sample collector
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should be aware of any potentid safety hazards and take necessary precautions while
collecting samples.

Each chemical reagent used in this method should be regarded as a potential health
hazard. Exposure to these compounds should be minimized and/or avoided by active
participation in safety planning and good |aboraory practices? Each laboratory is
responsible for maintaining a current awareness file of OSHA regulations’ regarding
the safe handling of the chemicals specified in this method. Material Safety Data
Sheets (MSDS) containing information on chemical and physical hazards associated
with each chemical should be made available to all personnel involved in the
chemicd analysis.

Potassium persulfate is a strong oxidizing and corrosive reagent. The analyst should
avoid eye and skin contact by wearing eye/face protection, powderless gloves and
laboratory clothing. If body tissue comesin contact with this reagent, apply large
quantities of water for at least 15 minutes (see MSDS) while removing contaminated
clothing. This reagent may cause delayed burns. Seek immediate medical attention if
the area becomesirritated or burned. This reagent can also cause afire or explosion if
it is allowed to come in contact with combustible materials.

Protect your hands by wearing laboratory disposable gloves during the preparation
and disposal of corrosive (acids and oxidants) laboratory reagents. Do not reuse
laboratory gloves that have been discarded or are suspected of being contaminated.

EQUIPMENT AND SUPPLIES

NOTE: Brand names, and/or catalog numbers are included for illustrative purposes
only. No endorsement is implied. Equivalent performance may be achieved using
apparatus, instrument systems, and reagents other than those that are illustrated
below. The laboratory is responsible for the assurance that alternate products,
apparatus, instrument systems, and reagents demonstrate equivalent performance as
specified in this method.

FILTER APPARATUS - Nalgene® or Corning® 250 mL Filter System, 0.45-um
Nylon (NYL) or Polyethersulfone (PES) Low Extractable Membrane/Polystyrene
Body with optional glass fiber prefilters (nominal 1 to 7 um). Packaging and filter
apparatus are recyclable (NALGE-NUNC International: Nalgene Labware CAT.
numbers NYL: 153-0045, PES: 168-0045). It isrecommended that filter membranes
be hydrophilic 0.45-um filter material.

NOTE: Alternate filter membranes (e.g., polypropylene, silver or Teflon®), apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps may be selected. The
complexity of an alternative filter apparatus is lefi to the analyst’s ingenuity
providing that the apparatus meets quality control and initial demonstration of
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capability requirements as stated in Section 9.3.2, and that FB requirements are met
(Sect. 9.9). It is recommended that the analyst review the AWWA journal article
“Selecting filter membranes for measuring DOC and UV,;,”, Karanfil, et. al."’, prior
to the selection of an alternative filter membrane, apparatus, and wash procedure.
Karanfil tested 11 filter membranes (0.45-um pore size and 47-mm disc size)
representing four different manufacturers and seven different types of filter materials
for both desorption and adsorption. Hydrophilic polyethersulfone (PES) filters
available from two manufacturers (Osmonics Micro-PES and Gelman Supor 450,
both 0.45 micron absolute pore size and 47-mm disc size) and a hydrophilic
polypropylene filter (Gelman GH Polypro, 0.45 micron absolute pore size and 47-mm
disc size) were found to be the best options among those tested in the study.

INJECTION VIALS - Specially cleaned 40-mL glass vials, with cap and
polytetrafluoroethylene (PTFE)/silicone septa. Eagle-Picher TOC Certified, Cat. No.
40C-TOC/LL, Eagle-Picher Technologies®. These vias are specially cleaned by the
manufacturing process and certified to contain < 10 ug TOC. Vials may be reused if
cleaned as per Section 4.2. The PTFE/silicone septa once pierced by the sample
injector must be discarded.

INSTRUMENT SYSTEMS - The TOC and UV A procedures allow for the use of
severd different types or combinations of TOC instrumentd system technologies.
Examples of typical TOC instrument systems, aswell asa UV spectrophotometer, are
described below. Data from these instruments may be found in Section 17. Only one
TOC instrument is required to perform this method.

6.3.1 TOCINSTRUMENT 1: UV/Persulfate/Wet Oxidation with
Permeation/Conductivity Detection. The lonics-Sievers® 800 TOC analyzer
isbased on UV catdyzed persulfate digestion to produce CO,, which is
detected by a membrane permeation/conductivity detector.

6.3.2 TOCINSTRUMENT 2: Elevated Temperaure/Catalyzed/Persul fate/\Wet
Oxidation/Nondispersive Infrared Detection (NDIR). The O.l. Analytica®
TOC Model 1010 is based on elevated temperature (95-100°C) catalyzed
persulfate digestion to produce CO,, which is then detected by an NDIR
detector.

6.3.3 TOC INSTRUMENT 3: UV/Low Temperature/Persulfate/\Wet
Oxidation/NDIR. The Tekmar-Dohrmann® Phoenix 8000 TOC analyzer is
based on UV catdyzed persulfate digestion to produce CO,, which isthen
detected by an NDIR detector.

6.3.4 TOC INSTRUMENT 4: Catalyzed/Combustion Oxidation(680 °C)/NDIR.
The Shimadzu® model TOC-5000A analyzer is based on acatalyzed
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combustion in air or oxygen reagent gasto produce CO,, which isthen
detected by an NDIR detector.

6.3.5 TOCINSTRUMENT 5: High Temperature Combustion Oxidation/NDIR.
The Thermo Environmental® ThermoGlas™ 1200 TOC is based on adual
zone furnace with individually adjustable ovens from 700 to 1250 °C for final
high temperature combustion of the sample with air or oxygen reagent gasto
produce CO,, which is then detected by an NDIR detector.

6.3.6 UV SPECTROPHOTOMETER: The spectrophotometer is used for the UVA
determination only. The spectrophotometer must be able to measure UVA
(254 nm), with an absorbance from 0.0045 to at least 1.0 cm* UVA, and
accommodates a sample cdl with a pah length of 1, 5, or 10 cm.

LABORATORY REAGENT WATER TREATMENT SYSTEM - The LRW used for
the development of this method was generated using a Millipore®, Milli-Q Plus
Ultra-Pure Water Treatment System with a 0.22-um sterile pack filter capable of
producing organic carbon free (< 0.010 mg/L OC), ultrapure deionized water.** The
maximum amount of OC allowed in the LRW for this method is 0.35 mg/L. When
purchasng atreatment system for general laboratory use, it is recommended that a
system be purchased capable of producing LRW of the above stated quality in order
to be of usein other laboratory analyses.

MUFFLE FURNACE - A muffle furnace capable of heating up to 425 °C.

FIELD SAMPLE pH TEST - Sample pH indicator test strips, non-bleeding
(colorpHast® Indicator Strips0 - 2.5, cat. 9580), EM Science, 480 Democrat Road,
Gibbstown, N.J. 08027. Pocket pH test kits, pocket pH meters, or laboratory pH
meters are acceptable for field sample pH measurements.

PIPET, DISPOSABLE TRANSFER - Large volume bulb (15mL), non-sterile, with
flexible long stem polyethylene transfer pipet. “Sedi-Pet ™”, Fisher Scientific® Cat.
13-711-36. Pipets are used for sampletransfer from the middle of asample bottle
containing floating material (scum).

SAMPLE COLLECTION REAGENT BOTTLES - Specially cleaned, 1-L Boston
round glass bottles with cap. Eagle-Picher TOC Certified, Cat. No. 112-01A/C TOC,
Eagle-Picher Technologies, LLC. These bottles are specialy cleaned by the
manufacturing process and certified to meet EPA OSWER Directive # 9240.0-05A

“ Specifications And Guidance For Contaminant-Free Sample Containers 12/92.”
Amber bottles are preferred, but dear glass bottles may be used if care istaken to
protect samples from light. The laboratory may select glass bottles of any volume that
meet the utility and laboratory sample processing and quality control sampling needs.
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Glass bottles may be reused after cleaning (see Sect. 4.2 for glassware cleaning
instructions) or discarded.

SPARGE APPARATUS - N-EVAP™, Nitrogen Evaporator System Model 111,
Organomation Associates Inc. This apparatusis not used for its originally designed
purpose of evaporating sample extracts. In this method, the apparatus isused as a
sparging device. The stainless sted needles of the apparatus are lowered into the 40-
mL sample vials containing the TOC or DOC samples to remove inorganic carbon by
sparging with nitrogen gas.

Alternately, some TOC auto-samplers provide a pre-sparging or membrane IC
removal option prior to injection of the sample into the TOC instrument system. The
analyst is encouraged to utilize these instrument options, if available. Another
alternative is for the laboratory analyst to fabricate a sparging apparatus. For
example, an apparatus may consist of copper tubing from a regulated gas source,
connected to a needle valve used for gas flow control, alength of silicone tubing with
aglass Pasteur pipet inserted into the tubing and a ring stand with clamp for
positioning the pipet. The Pasteur pipet isinserted into the sample bottle or vid to
remove inorganic carbon by sparging with nitrogen gas (Sect. 11.5). The complexity
of the alternative sparging gpparatus is left to the analyst’ s ingenuity providing that
the apparatus meets quality control and initial demonstration of capability (IC
removal test) requirements as stated in Section 9.2.4.

VACUUM SOURCE - Aspirator, air flow or water flow, hand-operated or low
pressure electric vacuum pump, providing avacuum of 15 inches of mercury (Hg) or
better. If an alternative choice is made, see notein Section 6.1.

VARIABLE PIPETTES - Programable automated pipettes. Rainin Instrument®
EDP-Plus Pipette 10ml, Cat. No. EP-10 mL; EDP-Plus Pipette 1000 pL, Cat. No. EP-
1000; EDP-Plus Pipette 100 uL, Cat. No. EP-100, or manual variable pipets with
disposable tips having a calibrated range of 0 to 100-pL, 0 to 1000-uL, and O to 10
mL.

VOLUMETRIC FLASK AND PIPETS - All volumetric glassware used in this
method are required to be “Class A”.

WAVELENGTH VERIFICATION FILTER SET- Wavelength verification may be
provided by the instrument manufacturer, a scientific instrument service company, or
if this not practical, wavelength verification may be made by the laboratory using
certified spectrophotometric filter sets with values traceable to NIST. Fisher
Scientific Cat. No. 14-385-335, Spectronic No. 333150.

415.3-13





7.0

7.1

7.2

7.3

7.4

7.5

7.6

1.7

REAGENTS AND STANDARDS

NOTE: The chemicals required for this method must be at least reagent grade.
Unless otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society (ACS) and/or ACS certified, when available. Some instrument manufacturers
provide reagents specifically prepared for the optimum performance of their TOC
instruments and provide calibration services and/or calibration standards. The
analyst is allowed to use these services or prepare reagents and/or standards
according to the instrument manufacturer’s operation manual.

COMPRESSED GASES — Carbon dioxide free Ultra High Purity (UHP) grade
nitrogen gas or an optional Ultra-low levd TOC gas delivery system. For combustion
based TOC sysems, zero grade air and UHP grade oxygen may be needed. The use
of lesser grades of compressed gases will result in high background noise in the TOC
instrument systems. The TOC Instrument 1 described in Section 6.3.1. does not
require compressed gasses for operation.

LABORATORY REAGENT WATER (LRW) - Water that has a TOC reading of
<0.35mg/L and< 0.01 cm™* UVA. Although the LRW TOC and UVA limitsin this
method are 0.35 mg/L and 0.01 cm'™ respectively, the system specified in Section 6.4
is capable of producing better quality organic carbon free, ultrapure deionized water.
For optimum performance, it is recommended that LRW with < 0.05 mg/L TOC and
< 0.0045 cm™ UV A be used for this method. Alternatively, LRW may be purchased
(ACS HPLC grade or equivalent).

DISODIUM HYDROGEN PHOSPHATE, [Na,HPO,, CAS# 7558-79-4] -
Anhydrous, ACS grade or better.

O-PHOSPHORIC ACID (85%), [H,PO,, CASH 7664-38-2] - ACS grade or better.

POTASSIUM DIHY DROGEN PHOSPHATE, [KH,PO,, CAS# 7778-77-0]-
Anhydrous, ACS grade or better.

POTASSIUM HYDROGEN PHTHALATE (KHP), [C;H.O,K, CAS# 877-24-7] -
Anhydrous, ACS grade or better.

REAGENT SOLUTIONS FOR WET CHEMICAL OXIDATION - It is assumed that
each instrument manufacturer has optimized reagent solutions for their respective
instruments and has provided the instructions for the preparation of reagentsin the
instrument’ s operation manual. NOTE: TOC Instrument 1 does not require gas
sparge of reagents as the manufacture provides reagent packs for the operation of the
instrument.
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7.8

7.7.1 PERSULFATE REAGENT - Prepare this solution according to the instrument
manufacturer’ sinstructions or purchase the solution from the instrument
manufacturer. If the laboratory prepares the solution, transfer the solution to
the instrument reagent bottle and cap. It isrecommended that this solution be
sparged gently with carbon dioxide free UHP grade nitrogen gas for
approximately 1 hour. If the instrument system provides continuous sparge, it
is recommended that the reagent bottles be alowed to spargefor 10 minutesto
1 hour before operating the instrument. Self contained reagent packs or other
types of reagent systems may not require reagent sparging. Discard the
solution as per expiration time/date listed in the manufacturer’ s operation
manual.

7.7.2 PHOSPHORIC ACID SOLUTION - Prepare this solution according to the
instrument manufacturer’ s instructions or purchase the solution from the
instrument manufacturer. If the laboratory prepares the solution, transfer the
solution to the instrument reagent bottle and cap. It isrecommended that this
solution be sparged gently with carbon dioxide free UHP grade nitrogen gas
for approximately 1 hour. If the instrument system provides continuous
sparge, it is recommended that the reagent bottles be allowed to sparge for 10
minutes to 1 hour before operating the instrument. Self contained reagent
packs or other types of reagent systems may not require reagent sparging.
Discard the solution as per expiration time/date listed in the manufacturer’s
operation manual.

STANDARD SOLUTIONS

NOTE: Consult with the instrument manufacturer or operation manual for the
recommended concentrated acid used for preservation of standard solutions. The
concentrated acid used to preserve the standards is usually HCI, H,SO,, or H,PO,
depending upon the instrument operation manual recommendation. The acid used for
the standards must be the same as the one used for the samples. Standard solutions
may be alternatively prepared in larger or smaller volumes and concentrations as
needed for the calibration of instruments. Standard solutions may be prepared by
gravimetric or volumetric techniques. This section provides guidance for the
preparation of calibration solutions.

7.8.1 INORGANIC CARBON PRIMARY TEST SOLUTION (IC-TEST)
REAGENTS

7.8.1.1 AMMONIUM CHLORIDE, [NH,CI, CAS# 12125-02-9] - ACS grade
or better.

7.8.1.2 CALCIUM CHLORIDE DIHYDRATE, [CaCl,« 2H,0, CAS# 10035-
04-8] - ACS grade or better.
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7.8.2

7.8.1.3 CALCIUM NITRATE TETRAHYDRATE, [Ca(NQ,),« 4H,0, CASH
13477-34-4] - ACS grade or better.

7.8.1.4 MAGNESIUM SULFATE HEPTAHYDRATE, [MgSO,+ 7H,0,
CAS# 10034-99-8] - ACS grade or better.

7.8.1.5 POTASSIUM CHLORIDE, [KCI, CAS# 7447-40-7] - ACS grade or
better.

7.8.1.6 SODIUM BICARBONATE, [NaHCO,, CAS# 144-55-8] - ACS grade
or better.

7.8.1.7 SODIUM CHLORIDE, [NaCl, CAS# 7647-14-5] - ACS grade or
better.

7.8.1.8 SODIUM-META SILICATE NONAHYDRATE, [Na,SiO, « 9H,0,
CASH 13517-24-3]

7.8.1.9 SODIUM PHOSPHATE DIBASIC HEPTAHYDRATE, [Na,HPO, «
7H,O, CASH 7782-85-6] - ACS grade or better.

PREPARATION OF THE IC-TEST SOLUTION, 100 MG/L IC - This
solution is used in the performance of the IC removal sparging efficiency test
(Sect. 9.2.4). Theionic content of the IC-TEST mixture solution was chosen
from a previous investigation in which the authors wanted to simulate waters
likely to be found in waste treatment plants.** Because the inorganic sdts are
not soluble in a single concentrated solution, prepare four separate stock
solutions by diluting each of the following to oneliter with LRW:
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FLASK SALT WEIGHT

(L) (g |
A magnes um sulfate heptahydrate, MgSO, « 7H,O 2.565
B ammonium chloride, NH,Cl 0.594
calcium chloride dihydrate, CaCl,» 2H,0 2.050
calcium nitrate tetrahydrate, Ca(NO,), » 4H,0 0.248
potassium chloride, KCI 0.283
sodium chloride, NaCl 0.281
C sodium bicarbonate, NaHCO, 2.806
sodium phosphate dibasic heptahydrate, Na,HPO, « 7H,O 0.705
D sodium-meta silicate nonahydrate, Na,SiO, « 9H,0 1.862

7.8.3

784

Prepare a102.5 mg/L IC-TEST mixture, based on bicarbonate cd culations
and impurities, by adding a 10-mL aliquot of each of the above solutionsto a
40-mL via. Add 40 pL of H,PO,, HCI, or H,SO,, depending upon instrument
requirements (see note, Sect. 7.8), to the 40-mL injection vid. AnIC-TEST
mixture of agpproximatdy 100 mg/L was chosen to represent the extreme
inorganic carbon concentration the analyst may encounter. Although the
mixture is turbid after preparation, clarification occurs after acidification.

ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS), 500
mg/L (1 mL =0.5mg OC) - Prepare an acid preserved (pH <2) OC-PDS by
pouring approximately 500 mL of LRW into a 1-liter volumetric flask, adding
1 mL of concentrated acid for preservation (see note, Sect. 7.8), carefully
transferring 1.063 g KHP into the LRW, stirring until it is dissolved, and then
diluting to the mark with LRW (1.0 mg KHP = 0.471 mg Organic Carbon).
Transfer this solution to a marked amber glass reagent bottle and cap for
storage. This solution does not require refrigeration for storage and is stable
for an indefinite period of time (6 months to ayear). Replace the OC-PDS if
the instrument system fails to pass the QCS requirements (Sect. 9.11).

ORGANIC CARBON CALIBRATION (OC-CAL) - At least 4 calibration
concentrations and the CB (i.e., aminimum of 5 total calibration points) are
required to prepare the initial calibration curve. Prepare the calibration
standards over the concentration range of interest from dilutions of the OC-
PDS. The calibration standards for the development of this method were
prepared as specified in the table below. Calibration standards must be
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7.9

7.8.5

prepared using LRW preserved to pH < 2 with concentrated acid (see note,
Sect. 7.8). Filtration of the CAL standards for DOC andys sisunnecessary,
since interferences from the filtration unit are monitored via the FB.
Therefore, the OC-CAL may be applied to TOC or DOC determinations. The
OC-CAL standards must be sparged, or otherwise treated for IC removal, like
a sample following the procedure in Section 11.5.

PREPARATION OF CALIBRATION (OC-CAL) CURVE STANDARDS
CAL Initial Conc. of Vol. of Final Vol. of Final Conc. of
Level (ZE-gl;I?)S Ofn-ll;]))S OC-(CmALI; Std. OC-(:l;t)Std'
CB - 0 1000 -
1 500 1.0 1000 05
2 500 2.0 1000 1.0
3 500 40 1000 2.0
4 500 10.0 1000 5.0
5 500 20.0 1000 10.0
6* 500 5.0 100 25.0
7% 500 10.0 100 50.0

* Note: OC-CAL 6 - 7 are optional cdibration standards for use when
operating the instrument in a higher concentration range.

The calibration blank (CB) isa*“0.0 mg/L OC " standard which approximates
zero mg/L OC concentration plus the background carbon contributed from the
LRW. The CB is stored and treated the same as all other calibration
standards. When analyzed, the CB must not exceed 0.35 mg/L TOC.

Calibration standards may be stored at room temperature in amber glass
bottles (Sect. 6.8) and/or in adark cabinet (if clear glass used) for a period of
30 days. If stored OC-CALs are used to recdibrate the instrument during this
30 day period, the CB which has been stored with the OC-CALs must be
analyzed as a sample prior to recalibration. The CB must not exceed 0.35
mg/L OC. If the CB does not meet this criteria, the CB and OC-CALSs may
have absorbed OC from the laboratory atmosphere and must be discarded.

COMMERCIAL SPECTROPHOTOMETER CHECK SOLUTION (COMM-SCYS) -
The laboratory may use a commercialy prepared COMM-SCS for the purpose of
checking the performance of the spectrophotometer. The analyst should purchase the
COMM-SCS in the absorbance range that is commonly observed for the samples
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7.10

anayzed. The IN-SPEC™ optical standard and background solution for a 254 nm
spectrophotometric check is NIST traceable, and is available from GFS Chemicals,
PO Box 245, Powell, Ohio 43065.

79.1 COMMERCIAL SPECTROPHOTOMETER BACKGROUND SOLUTION
(COMM-BKS) - A background solution provided by the COMM-SCS
provider that is used to correct for stabilizing agents present in the COMM-
SCS.

LABORATORY PREPARED KHP-SPECTROPHOTOMETER CHECK
SOLUTIONS (KHP-SCYS) - The laboratory may elect to prepare a KHP based
spectrophotometer check solution (KHP-SCS) for the purpose of checking the
performance of the spectrophotometer & the absorbance of the average UVA sample.
This requires the preparation of a buffered KHP solution having a known
concentration and a known absorbance & 254 nm. The analyst should prepare the
KHP-SCS that will provide an absorbance similar to the absorbance in the range (low,
mid, high) of the sample anadlyzed. NOTE: If the phosphate buffer reagents used
below have been exposed to laboratory humidity, it is recommended that potassium
dihydrogen phosphate (KH,PO,) and disodium hydrogen phosphate (Na,HPO,) be
dried for 1 hour at 105°C.

7.10.1 KHP-SCS-BLANK - Prepare a 1-L volumetric flask containing approximately
500 mL of LRW. Transfer and dissolve 4.08 g anhydrous KH,PO, and 2.84 g
anhydrous Na,HPO, in 500 mL. Diluteto the mark with LRW and transfer to a
1-L amber glass bottle.

7.10.2 KHP-SCS - Prepare the KHP-SCS that will provide an asorbance similar to
the absorbance of the samples analyzed. Prepare a 1-L volumetric flask
containing approximately 500 mL of LRW. Transfer and dissolve 4.08 g
anhydrous KH,PO, and 2.84 g anhydrous Na, HPO, into the 500 mL of LRW.
From the example calculation, or table located below (Sect. 7.10.2.1), transfer
the amount of OC-PDS (in mL) needed to produce the representative
absorbance of the sample into the buffered KHP-SCS and dilute with LRW to
the 1L mark.

7.10.2.1 KHP-SCS, CONCENTRATION CALCULATION - Standard
Method 5910 B provides for a spectrophotometer check using a
correlation equation which was based on the andyses of 40-samples
of KHP solution. * The correlation formulais as follows: UV, =
0.0144 KHP + 0.0018. This formulamay be algebraically solved for
the concentration of KHP, expressed as mg/L OC, needed to
produce a KHP-SCS for the observed sampl e absorbance as
follows:
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KHP-OC conc. = (UV,, -0.0018) / 0.0144

Using the calculated KHP-OC concentration, determine the amount
of OC-PDS (Sect. 7.8.3, 1 mL = 0.5 mg OC) needed to produce a
known absorbance for the KHP-SCS. For example, if you typically
run samples that have an average UVA equal to 0.08 cm™, you can
calculate the KHP in the following manner:

5.431 KHP mg/L as OC = (0.08 cm* UVA,., -0.0018) / 0.0144

The 5.431 mg/L isthe sameas 5.431 mg/L KHP. It follows that to
produce a 1-L. KHP-SCS solution having a UV A absorbance of 0.08
cm™, you will need 10.9 mL of OC-PDS as cal cul ated below:

(5.431 KHP-SCS mg/L)(1000mL/L) / 500 OC-PDS mg/L = 10.9 mL of OC-PDS

In summary, 10.9 mL OC-PDS is needed to make a 1-L KHP-SCS
solution that will have a UV A absorbance of 0.08 cm™.

Alternately, the following table, which is based on the above
calculation, can be used. From thistable, cross reference the
amount of the OC- PDS (in mLs) needed to produce the desired
UVA for the KHP-SCS. Transfer the required amount of OC-PDS
into al-L flask and dilute to the mark with LRW.

KHP-SCS Preparation
UVA@254nm ORGANIC . d?igél;)]zflgi‘;fo .
(em ) CARBON (mg/L) LRW)
0.0738 5 10
0.1458 10 20
0.2898 20 40
0.4338 30 60

7.10.3 Verify that the KHP-SCS-BLANK and the KHP-SCS buffered solutions are at
pH 7. Check the pH by placing a drop from the SCS bottle onto pH test paper.
Do not put the pH paper into the SCS bottle. Placing the pH paper in the
bottle will contaminate the sample with organic carbon. If this happens, the
spectrophotometer check solution must be discarded and a new solution
prepared in a clean bottle. If the buffered KHP-SCSs are not at a pH of 7, the
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8.0

8.1

solution must be discarded and a new solution made. Store these solutions at
goproximately < 6 °C. These solutions are not preserved. Inasterile
environment these solutions may be stable for amonth. However, the shelf life
of these solutions may be shortened as aresult of microbial growth. Therefore,
it is recommended that the above solutions be made fresh weekly and/or be
replaced if any significant change in absorbance is noted.

SAMPLE COLLECTION, FILTRATION, AND HOLDING TIMES

NOTE: Consult with the instrument manufacturer or operation manual for the
recommended type of concentrated acid used for preservation of TOC or DOC
samples. The concentrated acid used to preserve the sample is usually HCI, H,SO,, or
H,PO, depending upon the instrument operation manual recommendation. The acid
used for the standards must be the same as the one used for the samples. Samples for
DOC and UVA analyses may be filtered in the field using alternate apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps providing that the filter blank
requirements are met (Sect. 9.9).

SUVA SAMPLE COLLECTION - SUVA is determined by the analysis of aDOC
sample and a UV A sample, together called the SUVA sample set. A single sasmple
may be collected and split for the DOC and UV A analyses or two individual samples
may be collected at the sametime. For example: if the sampleisto be determined by
two separate |aboratories (i.e., one lab determines UV A and a second lab determines
the DOC), the sample collector may collect two representative samples for shipment.
A 1-L volume is recommended for the collection of DOC and UV A samples, but other
volumes may be collected depending on the sample volume needed for thefiltration
apparatus used by the analyzing laboratory. The SUVA sample set is collected in clean
glass battles by filling the bottle almost to the top. The sample set isSNOT preserved
with acid at the time of collection. Thesample set is delivered as soon as possible to
the laboratory and should arrive packed in ice or frozen gel packs. The sample set is
processed by the laboratory and stored at < 6 °C, until analysis. If thereisno visible
ice or the gel packs are completdy thawed, the laboratory should report these
conditions to the data user. Samples shipped that are improperly preserved, and/or do
not arrive at the laboratory within 48 hrs, cannot be used to meet compliance
monitoring requirements under the Safe Drinking Water Act (SDWA).

8.1.1 The DOC sample must be filtered in the field or in the laboratory within 48
hours of sample collection according to the procedure detailed in Section 11.4
prior to acidification and analysis. After filtration, the DOC sampleisacidified
with 1 mL of concentrated acid per 1 L of sample or the sampleis preserved by
drop wise adjustment to apH < 2 (Sect. 8.3). The DOC bhottle is capped and
inverted severd timesto mix the acid and is stored at < 6 °C. The sample must
be analyzed within 28 days from time of collection.
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8.2

8.3

9.1

8.1.2 TheUVA sample must be filtered in the field or in the laboratory according to
the procedure detailed in Section 11.4. The sample used for the UVA
determination isnot acidified. The UVA bottle iscapped and stored at < 6 °C
for up to 48 hours from the time of collection. The UVA sample must be
analyzed within 48 hours from the time of collection.

TOC SAMPLE COLLECTION - The typical sample volume collected may vary from
40 mL to 1 L of sample. It isrecommended that the sample collector coordinate the
size of collection volume with the needs of the analytical |aboratory. If the TOC
sampleiscollected in a40-mL injection vial, it isacidified to pH < 2 by adding 2
drops of concentrated acid. If the TOC sampleis collected in a1-L bottle, 1 mL of
concentrated acid is added or the sampleis drop wise adjusted to apH < 2 (Sect. 8.3).
TOC samples must be acidified at the time of collection. Cap the bottle or injection
vial and invert several timesto mix the acid. The sampleisdelivered as soon as
possible to the laboratory and should arrive packed in ice or frozen gel packs. If there
isno visible ice or the gel packs are completely thawed, the laboratory should report
the conditions to the data user. Samples shipped that are improperly preserved, and/or
do not arrive at the laboratory within 48 hrs, cannot be used for compliance monitoring
under the SDWA. The sampleisstored at < 6 °C, until analysis. Stored and preserved
samples must be analyzed within 28 days from time of collection.

SAMPLE pH CHECK - The pH of the preserved sample (DOC, TOC only) or filtrate
should be checked to ensure adequate acidification for the preservation. This should
only be performed by an adequately trained sample collector. Check the pH by placing
adrop from the sample onto pH test paper. Do not put the pH paper into the sample
bottle. Placing the pH paper in the sample bottle will contaminate the sample with
organic carbon. If this happens, the sample or filtrate must be discarded and a new
sample collected.

QUALITY CONTROL

Each laboratory using this method is required to operate a formal quality control (QC)
program. QC requirements for TOC include: the initial demonstration of |aboratory
capability (IDC) followed by regular analyses of continuing calibration checks (CCC),
independent quality control samples (QCS), laboratory reagent blanks (LRB), field
duplicates (FD), and laboratory fortified matrix samples (LFM). For this method, a
TOC laboratory fortified blank (LFB) is the same asa CCC (Sect. 10.3) and no LFB is
required. QC requirements for DOC include: the IDC followed by regular analyses of
CCCs, QCSs, filter blanks (FB), LFB, FDs, and LFMs.

For laboratories analyzing both TOC and DOC samples, only the DOC IDC
determination isrequired, asit is similar to, yet morerigorous than, the TOC IDC.

The IDC must be performed thefirst time a new instrument is used and/or when a new
anayst istrained.
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9.2

QC requirements for UVA analysisinclude: the performance of the IDC followed by
the regular analysis of spectrophotometer check solutions (SCS), FBs, and FDs. For
UVA analysis, no LFB or DL determination is required.

The control of instrument background is crucial prior to the performance of the IDC.
It isrequired that a critica evaluation be made of the instrument background 2
associated with an instrument system before proceeding with the IDC. Once an
acceptable instrument background is established, it is safeto proceed with the IDC.

In summary, this section describes the minimum acceptable QC program, and
laboratories are encouraged to institute additiond QC practices to meet their pecific
needs. The laboratory must maintan records to document the quality of the data
generated. All users of this method are encouraged to write their own SOPs stating
exactly how their lab executes the method. A summary of QC requirements can be
found in Tables 17.5 and 17.6.

INITIAL DEMONSTRATION OF CAPABILITY FOR TOC DETERMINATION

9.2.1 INITIAL DEMONSTRATION OF LOW SYSTEM BACKGROUND - Before
any samples are analyzed, and any time a new set of reagentsis used, prepare a
laboratory reagent blank (LRB) and demonstrate that it meets the criteriain
Section 9.9.

9.2.2 INITIAL INSTRUMENT CALIBRATION VERIFICATION - Prior to the
analysis of the IDC samples, calibrate the TOC instrument as per Section 10.2.
Verify calibration accuracy with the preparation and analysis of aQCS as
defined in Section 9.11.

9.2.3 INITIAL ORGANIC CARBON FLOW INJECTION MEMORY CHECK -
Inject the highest OC-CAL used, followed by two injections of the LRB. If the
first LRB is> 0.35 mg/L OC and the second LRB isin QC compliance (i.e.,
<0.35 mg/L OC), amemory problemisindicated. Therefore, an LRB may
need to be placed after every sample. If the instrument system provides arinse
or system flush with LRB between injections, activate the event control settings
and repeat this section. If the memory problem persists, then an LRB must be
placed after every sample.

9.24 INORGANIC CARBON REMOVAL SPARGING EFFICIENCY TEST-
Various sampl e sparge times (3-10 minutes) and sparging flow rates have been
reported for theremoval of IC. ** A multi-laboratory study reported large
variations and positive bias in analyses of solutions of standards containing
even smadl amounts of 1C, demonstrating the importance of IC removal.*
Since IC must be removed in order to reduce interferences with the TOC and
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DOC guantitation, an IDC of the IC removal is performed. Please note: any
manipulation of the sample may inadvertently introduce organic carbon from
the apparatus.

Prepare an inorganic carbon mixture, IC-TEST solution, as specified in Section
7.8.2. Using the procedure outlined in Section 11.5, sparge at least three
portions of the acidified IC-TEST solution in the same manner, and of the same
volume, as field samples will be sparged. After the IC-TEST solution is treated
by the IC removal apparatus, analyze the solution as an LRB for OC. ThelC
removal apparatus must produce an acceptable IC-TEST by meeting the LRB
requirements as stated in Section 9.9. These IC removal parameters are then
used for al subsequent samples.

The sparging time recommended in Section 11.5.2 is based on a sparging study
with an N, flow rate of approximately 200 mL/min and apH of 2.0. The
following inorganic carbon concentration reduction was observed after the
external sparging of a40-mL IC-TEST solution:

IC REMOVAL SPARGE EFFICIENCY STUDY

sparging time (minutes) 0 5 10 15 20

concentration IC
(mg/L), measured as 102.5 6.11 0.611 0.049 0.044
OC interference

9.25

The LRB during the above study was < 0.05 mg/L, thus a 20-minute sparge
time ensured that no measurable organic carbon remained in the sample.

The above sparge efficiency table should be used only asaguide. The analyst
may find that a higher flow rate may reduce the time necessary to remove the
inorganic carbon to alevel at or near the TOC measurements found in the LRB.
The IC-TEST solution is also used to test alternate IC removal apparatus that
remove IC by internd chemica treatment, alternate sparging procedures,
and/or membrane |C removal. Any alternative procedure or IC removal
apparaus must be tested using the IC-TEST solution and meet the LRB
requirements as stated in Section 9.9.

INITIAL DEMONSTRATION OF ACCURACY - Theinitial demonstration of
accuracy consists of the andysis of five (5) LFBs andyzed as samples at a
concentration between 2 to 5 mg/L OC. If DOC analysisis being performed,
the LFB must be filtered according to the procedure in Section 11.4. The
average recovery between 2 to 5 mg/L OC must be within £20% of the true
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9.2.7

value. If £20% of the truevalue is exceeded, identify and correct the problem
and repeat Sections 9.2.5 and 9.2.6.

INITIAL DEMONSTRATION OF PRECISION - Calculate the average
precision of the replicatesin the Initial Demonstration of Accuracy (Sect.
9.2.5). The RSD% must be no greater than 20%. If the RSD% exceeds 20%,
identify and correct the problem and repeat Sections 9.2.5 and 9.2.6.

ORGANIC CARBON DETECTION LIMIT (OCDL) DETERMINATION -
The OCDL determination must be conducted over at least three (3) days with a
minimum of seven (n=7) replicate LFB analyses. Before conducting the initial
OCDL, the OC-CAL-1 standard is used to estimate the starting concentration
for the OCDL study. If DOC analyses are being performed, the low-level LFBs
must be filtered according to procedure in Section 11.4 prior to analysis for the
OCDL. If theinstrument can easily detect the OC-CAL-1 standard, the analyst
should lower the concentration to alevel so that the LFB producesasignd 2 to
5 times the background noise level of the instrument. It is recommended that
the LFB be fortified somewhere between 0.1 to 0.5 mg/L OC. All avalable
instrument digits are carried for the OCDL calculation. After completion of the
OCDL, the calculation is rounded up or down according to Standard Methods,
1050 B.™ Thefina result is reported in units used for the TOC or DOC
procedure and recorded to two significant figures in the instrument log book.
Calculate the OCDL using the equation:

Organic Carbon Detection Limit =St ; 1 pha = 099)
where:

tn11.apha= 099 = Student's t value for the 99% confidence level with n-1 degrees
of freedom (t = 3.14 for 7 replicates)

n = number of replicates, and

S = standard deviation of replicate analyses.

If theinitial OCDL exceeds 0.35 mg/L or the mean recovery of the LFB usedin
the OCDL determination exceeds + 50% of the true value, then the OCDL
determination must be repeated.

9.3 INITIAL DEMONSTRATION OF CAPABILITY FOR DOC DETERMINATION

931

932

Perform Sections 9.2.1 through 9.2.4 as prescribed for TOC.

INITIAL DEMONSTRATION OF FHLTER MEMBRANE SUITABILITY -

Filter membranes are capable of affecting DOC and UV A analyses either by

desorption (leaching) of DOC and UV -absorbing materials from the filters to
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the samples, or by adsorption (uptake) of DOC and UV -absorbing materials
from the samples onto the filters. Filter membranes selected for DOC and
UV A measurements must not desorb nor adsorb significant DOC and UV -
absorbing materials. Desorption is minimized by pre-washing selected filters
as described in Section 9.3.2.2. Adsorption is minimized by filtering aportion
of the sample to waste before sample collection as described in Section 9.3.2.3.
Because the filtration of relatively turbid samples may causefiltersto clog, pre-
filtration may be necessary and pre-filter preparation is described in Section
9.3.2.1. Dueto the possibility of lot-to-lot variations in the levels of
contamination or adsorption, it is recommended that for each filter lot, the user
determine the amount of LRW needed to wash the filters and the amount of
sample tha needs to be filtered and discarded prior to collection of filtrate
(filter-to-waste volume). A minimum of threefilters (from each new lot)
should be cleaned and checked for desorption/adsorption prior to using the
filters for actual samples. This evaluation must be repeated when filters are
purchased from another manufacturer or when the type of filter being used is
changed.

9.3.2.1 PRE-FILTER PREPARATION - If the analyst anticipates that the UVA
and DOC sample will clog the 0.45-pum pore size filter membrane
before enough filtrate can be collected, glass fiber pre-filters without
organic binders may be used. Karanfil et al *° suggested cleaning the
pre-filter by heating to 550 °C for one hour, cooling to room
temperature, then washing it with 500 mL of LRW. A 25-mL filter-to-
waste volume (Sect. 9.3.2.3) was also recommended. The pre-filters
must be demonstrated as acceptable using the procedures described
below in Sections 9.3.2.2 and 9.3.2.3. Depending on the design of the
filter apparatus, the analyst may be able to insert a pre-filter into the
filter apparatus. The pre-filter and filter apparatus could then be
washed as a unit, following the procedure in Section 9.3.2.2. Prefilter
adsorption and desorption may dso be tested separately from the filter
membrane.

9.3.2.2 FILTER CLEANING - UV-absorbing materials and DOC are removed
from the filter and filter apparatus by passing LRW through the filter.
The volume of LRW required depends on the type and disc size of the
filter. For the filter apparatus used to generate the data in this method,
three successive rinses of 250 mL each (for atotal of 750 mL) removed
UV -absorbing materials and DOC that could leach from the filter and
apparaus. (TheKaranfil *° study found that a 500 mL wash was
sufficient to prepare the 47-mm disk filters recommended in their study
for DOC samples and awash of 100 mL was sufficient for filters used
solely to prepare UVA samples.) Acceptable cleaning is demonstrated
by analyzing filter blanks (Sects. 11.4.3, 11.6) and meeting the criteria
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in Section 9.9. The volume of LRW required to obtain acceptable filter
blanks is then used to clean filters for analyses of all samples (Sect.
11.4). Fltersthat cannot be cleaned to meet the referenced criteria
must not be used in the preparation of DOC and UVA samples.

9.3.2.3 FILTER-TO-WASTE VOLUME DETERMINATION - In order to
minimize the loss of sample onto the filter by adsorption, a portion of
the sample must be used to saturate the adsorption sites on the filter
after itiscleaned according to Section 9.3.2.2. The amount of sample
filtrate that must be discarded prior to collecting filtrate for DOC and/or
UVA analyses will vary depending upon the type and size of filter and
the volume should be minimized in order to prevent filter clogging. A
25-mL filter-to-waste volume was recommended when using the
hydrophilic polyethersulfone and hydrophilic polypropylene filters of
47-mm disc size studied by Karanfil et a *° based on evaluations using
low-turbidity model waters prepared from preconcentrated humic and
fulvic materials.

In this method, a low-turbidity (i.e., TOC = DOC) finished water
sample can be used in the filter-to-waste determination. For
laboratories that are analyzing samples from avariety of sources, the
selected water should have a TOC concentration in the range of 1 to 3
mg/L. For laboratoriesthat only analyze samples from one source, the
selected water should be afinished water with the lowest TOC that is
generally observed (NOTE: Depending on the quality of the source
water, this could be water with a TOC concentration much higher than
the 1 to 3 mg/L recommended for laboratories that are analyzing
samples from a variety of sources.)

A series of at least three filtrates are collected in separate containers for
the filter-to-waste volume determination. Thevolume of each filtrateis
determined based on the minimum volume required to make an
analytical determination. For example, if the DOC analysis requires 30
mL, then a series of at lesst three successive 30-mL filtrates should be
collected. For UVA, three successive 10-mL filtrates can be collected.
If DOC and UV A anayses are to be performed on the same filtrate,
then the volume of each filtrate should be adjusted to provide the
minimum volume necessary to accommaodate both analyses (in the
above example, three successive 40-mL washes).

Each filtrate is analyzed according to the procedure in Section 11 and
the concentration is compared to the concentration of the unfiltered
sample. When the concentration of the filtrate is within + 15% of the
concentration measured in the unfiltered sample, then the recommended
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9.4

9.5

9.33

filter-to-waste volume is the sum of the volumes of that filtrate and any
previousfiltratesin the series. For example, if the unfiltered sample
has a TOC concentration of 3.5 mg/L and the filtrate series (each filtrate
=30 mL) have concentrations of 2.3, 3.2, and 3.4 mg/L, then a
minimum of 60 mL of sample should be filtered-to-waste prior to
collecting filtrate for DOC analyses. It isrecommended that the filter-
to-waste volume be determined by performing thistest on at |least three
filters from each lot and averaging the results. Filters that require
large volumes of filter-to-waste should be avoided, because they will
be more subject to clogging prior to the collection of the necessary
volume of filtratefor andyss. The filter-to-waste volume that is
determined in this section must be used in the filtration procedure
described in Section 11.4.4.

Perform Sections 9.2.5 through 9.2.7 using filtered LFBs. The LFBs must be
prepared using the same procedure used to prepare samples (Sect. 11.4).

INITIAL DEMONSTRATION OF CAPABILITY FOR UVA DETERMINATION

94.1

94.2

9.4.3

INITIAL CHECK OF SPECTROPHOTOMETER PERFORMANCE - The UV
Spectrophotometer must be checked annually for 0 % transmittance,
wavelength accuracy, stray radiant energy, accuracy and linearity, and optica
alignment. It isrecommended that the instrument performance be verified
through the manufacturer or a scientific instrument service company. If
independent verification of performanceis not feasible, the laboratory may
acquire a certified spectrophotometric filter set and conduct the evaluation.
Wavelength verification is made using certified spectrophotometric filter sets
with values traceable to NIST. Using the filter set, test two wavelengths
between 220 and 340 nm. Theinstrument performance should be recorded in
the instrument log and be used to monitor the spectrophotometer performance
over time. Follow the instrument manufacturer’ s operation manual when
measuring the acceptable wavelength transmittance limits.

Verify the spectrophotometer performance according to the procedure as
outlined in Section 10.4.

Conduct the filter membrane suitability study described in Section 9.3.2 for
UVA.

CONTINUING CALIBRATION CHECK (CCC) - With each andysis batch, analyze a
Low-CCC at or below the MRL (Sect. 9.10) prior to TOC or DOC sample analysis.
Subsequent CCCs are analyzed after every ten samples and after the last sample. The
concentrations should be rotated to cover the instrument calibration range. A Mid-
CCC isrequired during every analysis batch. Acceptance criteria are as follows: Low-
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9.7

9.8

CCC, + 50% of true value; Mid-CCC, + 20% of true value; High-CCC, + 15% of true
value, see Section 10.3 for concentrations.

FIELD DUPLICATE (FD) - Within each anays s batch, a minimum of one set of field
duplicates must be analyzed (FD1 and FD2). Sample homogeneity and the chemical
nature of the sample matrix can affect analyte recovery and the quality of the data.
Duplicate sample analyses serve as a check on sampling and laboratory precision.

Two samples are collected at the field site and are treated exactly aike.

9.6.1 Calculatethe rdative percent difference (RPD) for duplicate measurements
(FD1 and FD2) using the equation:

[FD1 - FD2 |

*100
(FD1 + FD2 )2

EFD =

9.6.2 Relative percent difference for field duplicates having an average concentration
of >2 mg/L OC should fal in the range of < 20% RPD. If field duplicatesin
this concentration range exhibit an RPD greater than 20%, results should be
flagged and the cause for the greater difference (e.g. incomplete IC removal or
matrix interference), investigated. UV A readings should be < 10% RPD.
NOTE: Greater variability may be observed for samples with OC approaching
the OCDL.

LABORATORY FORTIFIED BLANK (LFB) - Within each DOC analysis batch,
analyze an aliquot of reagent water or other blank matrix which has been fortified with
KHP at a concentration of 1-5 mg/L OC. Recovery for the LFB must be within +20%
of thetrue value. One LFB isrequired with each DOC analysis batch. For the DOC
anaysis, an LFB is subjected to the same preparation and analysis as a sample,
including filtration (Sect. 11.4). The LFB is not determined for the TOC or UVA
measurements.

LABORATORY FORTIFIED MATRIX (LFM) - Within each TOC or DOC andyss
batch, an aliquot of one field sample is fortified with an aliquot of the OC-PDS (Sect.
7.8.3). The spike concentration used should result in an increasein the LFM
concentration of 50 to 200% of its measured or expected concentration. Over time,
samples from all routine sample sources should be fortified. For DOC analysis, the
LFM isfiltered prior to acidification and analysis.

9.8.1 Calculate the percent spike recovery (%REC) using the equation:

(4 —B)

YWEREC= *100
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9.10

where
A = measured concentration in the fortified sample
B = measured concentration in the unfortified sample,
and
C = fortification concentration.

9.8.2 Recoveries may exhibit amatrix dependence. If the LFM recovery falls outside
of 70 to 130% for any fortified concentration, the analyst should suspect that
inorganic carbon was not properly removed (Sect. 11.5) from the sample or that
contamination or matrix interference exists (Sect. 4) and can not be removed.

If the source of the poor recovery can not be identified, the analyst should |abel
the sample report “ suspect/contamination or matrix interference” to inform the
data user that the sasmple data quality is questionable but should not be rejected.
Failure to meet the recovery criteria after repeated sampling may suggest that
the sampl e matrix may need further study.

LABORATORY REAGENT BLANK (LRB) AND FILTER BLANK (FB) - Within
each analysis batch, a minimum of one LRB must be analyzed. For DOC and UVA
analysis, the FB serves asthe LRB. If more than onelot of filtersisused in aDOC or
UVA analytical batch, a FB must be analyzed for each lot. The analyst should be
awarethat additional filter blanks, up to one for each sample, are required by some
regulations (e.g., 40 CFR 141.131(d)(4)(i)).

The LRB or FB is used to assess contamination from the laboratory environment and
background contamination from the reagents used in sample processing and is treated
exactly the sameas asample. The volume of the FB must be the same as the sample
volume. If UVA isto be determined, the FB (UVA-FB) must have an absorbance of
<0.01cm™® UVA. The LRB and/or the FB (DOC-FB) must be< 0.35 mg/L OC. If
0.35 mg/L OC or 0.01 cm* UVA is exceeded, background carbon or reagent
contamination should be suspected. The cause for significant changesin the LRB or
FB value must be identified and any determined source of contamination must be
eliminated. For the FB, this may mean redetermination of filter membrane suitability
(Sect. 9.3.2). The cause of the contamination and the corrective action used to remedy
the problem is then recorded in the instrument log for future reference.

MINIMUM REPORTING LEVEL (MRL) - The OCDL should not be used as the
MRL. For TOC analysis, it is recommended that an MRL be established no lower than
the mean LRB measurement plus 3o, or two times the mean L RB measurement,
whichever is greater. For DOC analysis, the FB is substituted for the LRB. Thisvalue
should be calculated over a period of time, to reflect variability in the blank
measurements. Although the lowest calibration standard for OC may be below
the MRL, the MRL for OC must never be established at a concentration lower
than the lowest OC calibration standard.
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10.0

10.1

QUALITY CONTROL SAMPLE (QCS) - During the analysis of the IDC (Sects. 9.2,
9.3), each time new OC-PDS solutions are prepared (Sect. 7.8.3), or at least quarterly,
analyze a QCS from a source different from the source of the calibration standards.
The QCS is used to provide an independent verification of the method and the TOC
instrument system. To verify the stock or calibration solutions by comparison with the
QCS, dilute the calibration solution and QCS to a concentration in the mid range of the
calibration curve (approx. 1 - 5 mg/L TOC) in the same manner that the OC-CAL
standards are made (Sect. 7.8.4). Acceptable verification of the calibration is made
when the means of 3 analyses for both the calibration solution and QCS, having a
concentration range between 1 to 5 mg/L OC, agree to within £20% of the true value.
If the measured QCS concentration is not within £20% of the true value, the
calibration solution must be remade and/or the source of the problem must be
determined and corrected. Analysis of the QCS only appliesto TOC and DOC
determination.

SPECTROPHOTOMETER CHECK REQUIREMENT - The performance of the
spectrophotometer isinitially demonstrated using the procedure in Section 9.4.1. The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or acommercialy available SCS (COMM-SCS, Sect. 7.9) according to the
procedure in Section 10.4.

CALIBRATION AND STANDARDIZATION

INSTRUMENT SET UP AND OPTIMIZATION - Prior to calibrating the TOC
instrument, clean the instrument system with carbon dioxide free water and sparge
reagents with ultra high purity reagent gas as specified by the instrument manufacturer
to remove background carbon dioxide. NOTE: TOC Instrument 1 does not require
reagent gas for operation. Monitor the instrument background carbon dioxide levels
for at least 30 minutes or until the background signal reaches the manufacturer’s
recommended level. The instrument should have a stable background and be free from
drift caused by CO, contaminated gas or leaks in the system. Adjust instrument
temperature, reagent gas and reagent pump flow settings according to the
manufacturer’ s operation manual. Some instruments may require reagent priming runs
to clean the flow injection system and reduce carbon background. After the instrument
isjudged to be stable, load the auto-injector or prepare to manually inject four LRB
samples and start the analysis. The daa collected from the first injection of LRB is
discarded and is considered a system cleanup blank. The next three LRB injections
should produce consecutive readings that fall within 20% of their mean. |If these
conditions are met, the instrument is ready for calibration. If not, use the OC-CAL-1
standard and repeat this section. If the three injections of OC-CAL-1 do not produce
consecutive readings tha fall within 20% of their mean, the instrument is not ready to
operate and maintenance must be performed according to the instrument operation
manual before proceeding.
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10.3

CALIBRATION CURVE - A new calibration curve is generated when fresh standards
are made (Sect. 7.8.4) or when CCCsfall out of QC limits (Sect. 10.3). UseaCB and
at least four OC-CAL standards that span the concentration range of the samplesto be
analyzed. For example, if the samplesto be anayzed are low in concentration (arange
falling between 0.5 to 5 mg/L OC), prepare a calibration blank and a minimum of four
TOC calibration standards (CB, OC-CAL 1 - 4, see Sect. 7.8.4). The lowest
concentration calibration standard must be at or below the MRL, which may depend on
system sensitivity. Add an additional 40 pL of H,PO,, HCI, or H,SO,, depending upon
instrument requirements (Sect. 8.0), to the 40-mL injection vial(s). Sparge the
calibration standards using the IC removal procedure in Section 11.5 prior to
calibrating the instrument. Inject the standards from low to high concentration and
calibrate the instrument. Be careful not to extend the calibration range over too wide
of a concentration range as flow injection memory may cause analytical error (Sect.
9.2.3). The optional OC-CAL 6 - 7 may be used when operating the instrument in a
higher concentration range.

NOTE: For instruments that have an internal calibration setting, the calibration is
checked by comparing the five point calibration curve with the internal calibration
point. If the five point calibration curve does not agree with the internal calibration
using the CCC criteria in Section 10.3, the internal calibration of TOC instrument
must be reset by the manufacturer or adjusted by the analyst, following the
manufacturer’s operation manual.

10.2.1 With the instrument in the ready mode, initiate the automated instrument
calibration routine as per the instrument manufacturer’s operation manual.
The computer generated calibration curve must have r? > 0.993 before
proceeding with analyses. Ideadlly the instrument calibration should be
r* > 0.9995 for best results. After the instrument system has been calibrated,
verify the calibration using the Continuing Calibration Check (CCC, Sect.10.3)
and QCS (Sect. 9.11).

10.2.2 Savethe datafrom the initial calibration curve and record it in the laboratory
notebook or instrument log. The initia calibration curve serves as ahistorical
reference so that future caibrations curves can be compared to determine if the
slope or sensitivity of calibration has changed. If the slope or sensitivity of the
instrument changes such that QC requirements cannot be met, consult the
instrument manual or lab SOP for corrective action, which may include
instrument maintenance and recalibration.

CONTINUING CALIBRATION CHECK (CCC) - Demonstration and documentation
of continuing calibration is required and must meet the requirements listed below. The
CCC solutions are made up weekly or just prior to asample run and are prepared in the
same manner as the OC-CALSs (Sect. 7.8.4). An analysis batch begins with the
analysisof aLow-CCC. CCCsare analyzed every 10 samples and must also include a
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Mid-CCC. Subsequent CCCs should alternate between low, medium, and high
concentrations, and must end the andyss batch. In summary, at least one Low-CCC
and one Mid-CCC is analyzed with each analysis batch in order to verify the
calibration curve. It isrecommended that low, mid, and high CCCs be used to verify
the calibration curve over time.

10.3.1

10.3.2

10.3.3

Low-CCC - the concentration range may vary from aslow as 2 times the
OCDL upto 0.7 mg/L OC. The Low-CCC isused to verify the low end of the
calibration and must be at or below the MRL, which may depend on system
sensitivity. The recovery for the Low-CCC must be within + 50% of the true
value.

Mid-CCC - the concentration is varied between 1.0 mg/L to 5.0 mg/L OC.
The purpose of this CCC isto verify the precision and accuracy at the
calibration range where critical source water treatment decisions are made.
The Mid-CCC concentration may be varied to meet changing regul atory
requirements. The Mid-range CCC must be within £20% of thetruevaue. If
it is not, the TOC instrument system must be re-calibrated.

High-CCC - the concentration range is varied between 5 to 50 mg/L OC. The
selection of the High-CCC should be near the concentration of the highest OC-
CAL standard used. The purpose of this CCC isto bracket the concentration
the samples that are typically analyzed and to verify the upper range of the
calibration curve. High-CCC must bewithin £15% of thetrue value. If itis
not, the TOC instrument system must be re-cdibrated.

SPECTROPHOTOMETER PERFORMANCE CHECK - The performance of the
spectrophotometer isinitially demonstrated using the procedure in Section 9.4.1. The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or acommercially available SCS (COMM-SCS, Sect. 7.9) prior to analyzing any
UV A samples using the procedure described below.

104.1

10.4.2

10.4.3

Using atransfer pipet fill the spectrophotometer cell with the COMM-BKS or
KHP-SCS-BLANK (Sects. 7.9.1, 7.10.1). Usethis solution to zero the
spectrophotometer.

After the spectrophotometer is zeroed, empty the cell, clean with LRW, rinse
with methanol, dry with N, or reagent grade air, and fill it with the KHP-SCS
or COMM-SCS.

Read the UV A of the KHP-SCS or COMM-SCS. The reading must be within

10% of the expected absorbance value. Record the absorbance of the KHP-
SCS or COMM-SCS in the spectrophotometer instrument logbook. Empty the
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11.2

11.3

cell, clean with LRW, rinse with methanol, and dry with N, or reagent grade
ar.

10.4.4 If the SCS absorbance criteria stated above cannot be met, discard the COMM-
SCS or the KHP-SCS and purchase new COMM-SCS or remake the KHP-
SCS. Repeat Section 10.4.

PROCEDURE

TOC/DOC SAMPLE INTEGRITY EVALUATION - It isimportant to analyzeaTOC
or DOC sample as directly and as soon as possible. Sample handling and preparation
should be minimized. Upon receiving the sample from the fidd, the analyst must
determine if the sample was treated and stored according to instructions found in
Section 8.

OPTIONAL TREATMENT FOR TOC/DOC SAMPLE MATRIX LOSS - Aquatic
humic substances precipitate at pH below 2 ¢, and may move to glass vessel walls or
instrument tubing. If the analyst suspects that humic substances have precipitated
(which sometimes occurs in blackwaters)* or flocked to the bottom of the sample
container, the sample is degassed by sparging to remove IC as directed in Section 11.5.
The sampleisthen split into two portions. One portion isleft at apH <2, and the pH
of the second portion is adjusted to pH 5 to 7 in order to increase the solubility of
hydrophobic matter in the sample. Both samples are allowed to sit capped for %2 hour
before further sample processing. These samples are treated in the same manner as
field duplicates (FD), Section 9.6. The results of both split samples and corresponding
pH values should be reported to the data user.

TOC SAMPLE PREPARATION - Remove the TOC sample from cold storage and
allow the sample to come to room temperature. Determine if the sample has been
preserved by acidification to apH <2 by placing some drops on pH paper or by
pouring some of the sample into asmall beaker and checking it with aglass or solid-
state pH electrode. Do Not put the pH paper or electrode into the sample bottle. If the
pH is greater than 2, discard the sample.

11.3.1 TYPICAL TOC SAMPLE PRE-TREATMENT - Samples that appear to be
low in particulate and suspended material are generally transferred directly to
the 40-mL injection vial. If the sample appears to contain sediment or floating
material, allow the sample to sit for aminute or two to alow sediment material
to settle back to the bottom of the bottle. After allowing the sample to settle,
transfer the sample from the middle of the bottle using a disposable pipet to the
injection vial. Add 40 pL of H,PO,, HCI, or H,SO, depending upon instrument
requirements (Sect. 8.0) to the 40-mL injection vid and labd it.

11.3.2 Proceed to Section 11.5, for IC removal.
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SUVA SAMPLE PREPARATION - If SUVA isnot being determined, proceed to
Section 11.5. The SUV A determination consists of paired sample analyses composed
of aDOC sample and aUVA sample. DOC and UVA samples may be taken from the
same bottle, or may betaken from separate field duplicate bottles. Remove the DOC
and UV A sample(s) from cold storage and allow them to come to room temperature.
The laboratory is required to document any use of alternative filters, apparatus (see
note, Sect. 6.1), or changesin the SUVA sample preparation procedure. All QC
requirements (Sect. 9) must be met.

114.1

114.2

1143

Samplesfor DOC and UVA analysisare NOT acidified in thefield. The DOC
sampleis acidified after filtration as described below and the UVA sampleis
not acidified at all. Determine if the sample(s) was accidentally preserved by
placing afew drops from the sample on pH paper or by pouring some of the
sample into asmall beaker and checking it with aglass or solid-state pH
electrode. Do Not put the pH paper or electrode into the sample bottle.
Placing the pH paper or electrode into the sample bottle will contaminate the
sample solution with organic carbon. If this happens, the sample must be
discarded. If the UVA sample pH is <2, check to make sure that the sampleis
actually for the UV A determination. It ispossible that this sampleisa TOC or
filtered DOC sample and was mislabeled asa UV A sample. If the sample set
was not mislabeled or switched but accidentally preserved, the sample must be
discarded. The analyst must check the date and time of collection to ensure
that the sample holding times listed in Section 8.1 have been met.

Filter Cleaning - Cleaning the filter gpparatus, including the filter, removes
trace organic compounds that may have been left behind in the manufacturing
process. This cleaning must be done immediately prior to sample filtration.
Rinse the filter with LRW, using the cleaning procedure used to determine
filter membrane suitability (Sect. 9.3.2.2), including the cleaning of the pre-
filter if apre-filter isnecessary.

Filter Blank (FB) - Use aclean filter apparatus (prepared in Sect. 11.4.2) and
filter an aliquot of LRW into an injection vial for the DOC analysis and another
aliquot of LRW into avia for UVA analysis (Figure 1). FB volume must be
the same as the sample volume collected in Section 11.4.4. During the
development of this method, approximately 250 mL of LRW was filtered and
aliquots were poured into two 40-mL injection vials and labded as the DOC
and UVA FBs. If the DOC and UV A analyses are coming from two separate
bottles, afilter apparatus will be needed for each bottle and an FB should be
prepared from each apparatus. Add 40 pL of H,PO,, HCI, or H,SO, (as
required by the various instrument types, Sect. 8.0) to the 40-mL DOC-FB
injection vial. Do not acidify the UVA-FB injection vial. Thesevialsare
paired with the respective SUVA sample and retained for DOC-FB and UV A-
FB andyses.
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11.4.4 Sample Preparation - Reassembl e the filter apparatus. Pour enough sample

onto the filter to saturate any adsorption sites, as determined according to the
filter-to-waste procedure in Section 9.3.2.3. Apply vacuum until no visible
water remains on the filter. Removethe vacuum, swirl the apparatus with
sample filtrate, disassemble, and discard the sample filtrate rinse. Reassemble
the filter apparatus and pour an additional aliquot of sample into the top of the
filter apparatus. Attach the vacuum and retain the filtrate. Pour one aliquot
into a40-mL injection vial and label it to identify it as the DOC sample. Pour
asecond aliquot into a40-mL injection vial and label it to identify it asthe
UVA sample. Add 40 pL of H,PO,, HCI, or H,SO, to the 40-mL DOC
injection vial. Do not acidify the UVA injection vial. Aswith the DOC and
UV FBs (Sect. 11.4.3), separate filter apparatus may be used for the DOC and
UVA samples, in which case the filtrate need not be split into two aliquots.
For asample that is difficult to filter, an additional filter apparatus or the
optional pre-filter insert apparatus may be used. The use of additional filters
may requirethe collection of additional FBs, collected as specified in Section
11.4.3. Theresulting additional DOC-FB, UVA-FB samplefiltrates are
collected, their volumes composited and then placed into their respective
injection vials.

INORGANIC CARBON REMOVAL - All OC-CALSs, TOC and DOC samples,
DOC-FBs, and LRBs must be treated to remove IC prior to OC analysis. UVA
samples and UVA-FBs are not sparged with nitrogen gas or otherwise treated to
remove IC prior to analysis (See Figure 2). The |laboraory isrequired to document
any use of aternative IC removal apparatus (Sects. 6.9, 11.5.2) or changesinthelC
removal procedure. All quality control requirements (Sect. 9.2.4) must be met.
NOTE: If a sparging apparatus is used, it should be isolated from the organic
laboratory and be free of organic contaminants.

1151

115.2

CLEANING SPARGING APPARATUS: Beforeinitid use and immediatey
after each use, the sparging apparatus must be cleaned. With the nitrogen
turned off, dip the stainless steel needlesin a40-mL injection via containing
dilute acid (40 pL H,PO,, HCL, or H,SO, per 40 mL LRW). Take the needles
out of the dilute acid and turn the nitrogen back on to flush out any residua
dilute acid. If disposable pipettes are used as part of the sparging apparaus,
discard the pipettes after each use instead of attempting to clean and reuse
them.

SPARGING PROCEDURE: Submerge the apparatus needl es used to sparge
the samples near the bottom of the 40-mL sample injection vial. Data
generated for this method were generated by externally sparging the acidified
samples with nitrogen gas, at 100 to 200 mL/minute, for 20 minutes per 40-mL
sampleinjection vial. Some instrument companies provide optional inorganic
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carbon removal apparatus that may produce an efficient means for the removal
of IC. The laboratory must demonstrate sparging efficiency by the performance
of the IC removal sparging efficiency test (Sect. 9.2.4 ) and meeting the LRB
requirements as stated in Section 9.9.

11.6 SAMPLE ASSAY

12.0

121

1161

11.6.2

TOC/DOC Sample Analysis - Thisis accomplished by placing into the
injection vial tray a series of 40-mL injection vials usudly containing any or all
of the following types of samples: LRB, DOC-FB, CB, OC-CAL(s), CCCs
(Low, Mid or High concentration), field samples, FD1 & FD2, LRB between
samplesif needed as specified in Section 9.2.3, LFB, LFM, and the QCS. The
DOC-FB maximum allowable background concentration is 0.35 mg/L OC.
Theinjection tray is placed into the instrument, the run isinitiated, and the
results of analyses are recorded.

UVA ANALY SES - If the spectrophotometer performance meets the SCS
absorbance criteria as stated in Section 10.4, zero the instrument with the
empty cell. Next fill the cell with the UVA-FB and read the absorbance. The
UVA-FB'’s maximum alowable background absorbance is 0.01 cm*UVA. If
0.01 cm™ UVA for the UVA-FB is exceeded, the cause must be identified and
any determined source of contamination must be eliminated. The
spectrophotometer performance must then be rechecked (Sect. 10.4). The
laboratory should also check the initial zero each time 10 samples have been
read. Rinse the spectrophotometer cell with a small amount of the UVA
sample or UVA-FB by directly pipetting or pouring the sample into the
spectrophotometer cell and discarding the rinse. Refill the spectrophotometer
cell, carefully clean the cell window, and place in the spectrophotometer cdl
holder. Alternatively, flow cells maybe used, filled and flushed as needed.
Measure the UVA and record. If field duplicates are collected, the FD1 & FD2
sample filtrates are also read and recorded.

DATA ANALYSIS AND CALCULATION

TOC DIRECT READING: The TOC concentration is calculated by the automated
instrument system’s software. Follow the instrument manufacturer’ s operation manual
when making instrument response adjustments for instrument system blank
corrections. The TOC calculation assumes that the sample has been properly

preserved, that only atrace amount of 1C remains following the IC remova procedure,

and that any remaining |C will not contribute to the TOC measurement and result in a
calculation error. Some instrument systems calculate TOC from the difference of the
total carbon (TC) minusthe IC. The andyd isreminded that the IC in the sampleis

removed prior to sample anayss. Therefore, the reported TC is equal to, and the same
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12.2

12.3

13.0

131

as, the TOC value (TOC =TC) and isread directly from the instrument’ s computer or
printout.

SUVA CALCULATION: Follow the instrument manufacturer’ s operation manual
instructions when making instrument response adjustments for instrument system
blank correction. Asintheabove TOC calculation, the anayst isreminded that the IC
of the DOC sample isremoved prior to analysis. After filtration, the TOC instrument
valueisequal to theDOC. The SUVA isthen calculated from the DOC & UVA data
that results from the procedure as described above (Sects. 11.6.1, 11.6.2). The UVA of
the samplein cm™ is divided by the DOC of the sample, multiplied by 100 cm/M and
either reported in units of L/mg-M or as“SUVA”. The SUVA is calculated as follows:

SUVA (L/mg-M) = UVA(cm™) / DOC (mg/L) * 100 cm/M

UVA Calculation: UVA=A/

where:

UVA = The calculated UV absorbance of the samplein
absorbance units (cm™).

A = The measured UV absorbance a 254 nm of the
sample that is filtered through a 0.45-um filter
media.

d = The quartz cell path lengthin cm.

NOTE: A4 Filter Blank (FB) is used to monitor background carbon
contamination (Sect. 11.4.3) and is not subtracted from the DOC and
UVA measurements.

Calculations should utilize all available digits of precision, but final reported
concentrations should be rounded to two significant figures (one digit of uncertainty).
Thefinal calculation is rounded up or down according to Standard Methods 1050B.%

METHOD PERFORMANCE

NOTE: Data presented in Section 17 are from single-laboratory determinations. All
available digits were used for calculation and the calculations were rounded prior to
entry in the tables. The data were reported to as many as three significant figures to

give the reader a better understanding of method performance.

Table 17.1 summarizes the 3-day organic carbon detection limit (OCDL) study for five
TOC instruments systems. The DOC determination ranged from 0.02 to 0.08 mg/L
OCDL and the TOC determination ranged from 0.04 to 0.12 mg/L OCDL. All source
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141

14.2

14.3

water samples reported in Section 13 and the Section 17 Tables were sparged for 20
minutes to remove inorganic carbon interferences.

Table 17.2 and associated sub-tables illustrate the single instrument precision and
accuracy for each of the five TOC instrument technol ogies.

Tables 17.3 and 17.4 illustrate the instrument differences and performances for five
TOC instruments anayzing seven different source water matrices.

In all cases, the TOC instruments had difficulty in analyzing the Saint Leon well water.
The Saint Leon well water had a moderately high inorganic carbon content of
approximately 100 mg/L IC, and alow organic carbon content of 0.2 to 0.6 mg/L OC.
The Saint Leon well water organic carbon content was near the organic carbon
detection limit. The low OC concentration produced the greatest differences between
instrument responses. For low TOC samples with high IC, differences between
instrument responses may be more apparent due to possible IC interference.

The TOC, DOC and SUVA procedures of this method are dependent on the operation
manual for the TOC instrument system and the UV spectrophotometer as provided by
the respective instrument manufacturers. However, al performance criteriaand
quality control requirements described in this method, as summarized in Tables 17.5
and 17.6, must be met.

POLLUTION PREVENTION

Pollution prevention encompasses any technique that reduces or eliminates the
guantity or toxicity of waste at the point of generation. Numerous opportunities for
pollution prevention exist in laboratory operations. The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice. Whenever feasible, laboratory
personnel should use pollution prevention techniques to address their waste generation.
When wastes cannot be feasibly reduced at the source, the Agency recommends
recyding as the next best option.

For information about pollution prevention that may be applicable to laboratories and
research institutions, consult Less is Better: Laboratory Chemical Management for
Waste Reduction, available from the American Chemical Society's Department of
Government Relations and Science Policy, 1155 16th Street N.W., Washington D.C.
20036, (202)872-44717.

For recyde information, contact the US EPA, Pollution Prevention and WasteWise
program, http://www.epa.gov/wastewise/ .
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151

WASTE MANAGEMENT

The U.S. Environmental Protection Agency requires that |aboratory waste management
practices be conducted consistent with all applicable rules and regulations. 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 sewer discharge permits and regulations, and by complying with dl solid
and hazardous waste regulations, particularly the hazardous waste identification rules
and land disposal restrictions. For further information on waste management, consult
The Waste Management Manual for Laboratory Personnel, available from the
American Chemical Society at the address listed in Section 14.2.

15.2 Thelaboratory should consult with local authorities prior to disposal of any waste to

16.0

publicly owned treatment works (POTW) and receive permission for that digposal.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

17.1 ORGANIC CARBON DETECTION LIMIT (OCDL)*

Dissolved Organic Carbon (DOC), mg/L
Instrument Fg‘:;‘ifbd Relz/f)evaelll'ed %RSD* | %REC' | OCDL
Conc.
1 0.130 0.155 11 119 0.054
2 0.125 0.116 22 93 0.082
3 0.250 0.249 4 100 0.035
4 0.130 0.125 5 96 0.018
5 0.250 0.233 9 93 0.068
Total Organic Carbon (TOC), mg/L
Instrument Fortified Relzf)evaelll'ed %RSD¢ %REC* OCDL
Conc. Conc.
1 0.130 0.159 14 122 0.071
2 0.125 0.145 26 116 0.118
3 0.250 0.259 8 104 0.061
4 0.130 0.130 9 100 0.036
5 0.250 0.251 7 100 0.059

2 Organic Carbon Detection Limitswere determined by analyzing 7 replicates over 3 days.
® LRW fortified as specified in the table.

° %RSD = percent relative standard deviation

4 9%REC = percent recovery

INSTRUMENT:

1: UV/Persulfate/Wet Oxidation with Permeation/Conductivity Detection

2: Elevated Temperature/Catalyzed/Persulfate/Wet Oxidation/Nondispersive
Infrared Detection (NDIR)

3: UV/Low Temperature/ Persulfate/Wet Oxidation/NDIR

4. Catalyzed/Combustion Oxidation(680 °C)/NDIR

5: High Temperature Combustion Oxidation/NDIR
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17.2

SINGLE TOC INSTRUMENT PRECISION AND ACCURACY

17.2.1 TOC Instrument 1: UV/persulfate wet oxidation with
permeation/conductivity detection

Dissolved Organic Carbon, mg/L*
Unforticﬁ:l(llcSamp le Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.63 1.62 12.2 105
Shingobee R. 2.98 0.19 135 105
Bolten Wdll 1.27 0.00 12.0 107
Ohio R. (Fernbank) 2.79 0.36 13.6 108
Muddy Creek 381 0.15 14.6 108
Great Miami R. 3.18 0.00 13.7 104
Saint Leon Well 0.53 0.97 11.0 104

Total Organic Carbon, mg/L*
Unforti(t:"l::cSample Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.73 0.33 121 103
Shingobee R. 3.16 0.18 13.0 98
Bolten Wdll 1.32 0.44 114 100
Ohio R. (Fernbank) 3.02 0.57 13.2 102
Muddy Creek 4.24 0.00 14.6 103
Great Miami R. 351 0.33 13.8 102
Saint Leon Well 0.66 0.52 111 104

2N = 3, samplesfortified at 10mg/L OC using KHP
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17.2  SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.

17.2.2 TOC Instrument 2: Elevated temperature/catalyzed/persulfate wet

oxidation/NDIR
Dissolved Organic Carbon, mg/L*
Sg;lli)()ll;tt?()e:c. Fortified Sample Conc.

Source

Water Mean Mean %REC
Boulder Creek 1.40 11.8 104
Shingobee R. 2.58 13.3 106
Bolten Wdll 1.04 12.6 105
Ohio R. (Fernbank) 241 133 108
Muddy Creek 3.25 14.3 110
Great Miami R. 2.68 134 107
Saint Leon Well 0.40 10.6 101

Total Organic Carbon, mg/L*
SE;?;??:SQ Fortified Sample Conc.

Source

Water Mean Mean %REC
Boulder Creek 1.38 11.2 98
Shingobee R. 2.62 12.7 100
Bolten Wdll 1.05 114 103
Ohio R. (Fernbank) 2.46 13.1 106
Muddy Creek 341 13.8 104
Great Miami R. 2.89 13.2 103
Saint Leon Well 0.38 105 102

2N = 2, samplesfortified at 10mg/L OC using KHP
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17.2  SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.

17.2.3 TOC Instrument 3: UV/low temperature/persulfate wet oxidation/NDIR

Dissolved Organic Carbon, mg/L*
Unforticﬁ::cSample Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.52 181 115 100
Shingobee R. 2.71 1.10 13.2 104
Bolten Wdll 1.18 1.76 11.3 101
Ohio R. (Fernbank) 2.50 0.74 131 106
Muddy Creek 3.38 0.81 14.0 106
Great Miami R. 291 0.64 131 102
Saint Leon Well 0.56 0.88 10.7 101

Total Organic Carbon, mg/L*
Unforticﬁ::cSample Fortified Sample Conc.

Source .

Water Mean %RSD Mean %REC
Boulder Creek 1.47 177 11.2 97
Shingobee R. 2.72 0.02 12.7 99
Bolten Wdll 1.16 245 11.0 98
Ohio R. (Fernbank) 2.58 101 12.6 100
Muddy Creek 3.18 1.28 135 103
Great Miami R. 2.92 101 13.0 101
Saint Leon Well 0.45 1.57 10.7 102

N = 3, samplesfortified at 10 mg/L OC using KHP
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17.2  SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.

17.2.4 TOC Instrument 4: Catalyzed, 680 °C combustion oxidation/NDIR

Dissolved Organic Carbon, mg/L*
Unforticﬁ:l(llcSamp le Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.54 5.75 114 98
Shingobee R. 2.71 3.18 124 97
Bolten Wdll 1.24 1.25 124 98
Ohio R. (Fernbank) 2.52 5.73 124 98
Muddy Creek 3.56 3.17 133 98
Great Miami R. 3.00 6.94 12.7 96
Saint Leon Well 0.38 27.4 10.1 98

Total Organic Carbon, mg/L*
Unforticﬁ::cSample Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.46 2.86 11 100
Shingobee R. 2.84 2.19 13 97
Bolten Well 112 1.70 11 100
Ohio R. (Fernbank) 2.81 1.79 13 100
Muddy Creek 4.04 2.02 14 96
Great Miami R. 3.42 1.66 14 101
Saint Leon Well 0.28 7.64 10 100

N = 3, samplesfortified at 10 mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.

17.2.5 TOC Instrument 5: High temperature combustion oxidation/NDIR

Dissolved Organic Carbon, mg/L*
Unforticﬁ::cSample Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 121 1.18 110 98
Shingobee R. 2.29 1.15 12.0 97
Bolten Wdll 0.90 2.93 115 106
Ohio R. (Fernbank) 211 0.28 12.3 102
Muddy Creek 2.89 1.09 13.1 102
Great Miami R. 243 0.77 12.3 99
Saint Leon Well 0.38 274 10.0 96

Total Organic Carbon, mg/L*
Unfortgl::cSample Fortified Sample Conc.

Source :

Water Mean %RSD Mean %REC
Boulder Creek 1.26 6.02 11.0 97
Shingobee R. 2.45 0.84 121 97
Bolten Wdl 0.93 1.02 10.8 98
Ohio R. (Fernbank) 231 1.19 121 98
Muddy Creek 3.34 3.40 131 98
Great Miami R. 2.72 0.78 12.3 96
Saint Leon Well 0.32 N/A 10.0 97

#N = 3, samplesfortified at 10 mg/L OC using KHP
® N = 2 for this sample, N/A = not applicable
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTS*

17.3.1 DOC Measurements for Seven Source Waters, Three Replicate
Instrument Injections on Five Instruments

Dissolved Organic Carbon, mg/L, Unfortified Samples
Source Water I;lls t I;lzst I;;t I;:t I;lgt Mean gf:, %RSD
Boulder Creek 1.64 1.40 1.52 1.54 121 146 | 0.17 11
Shingobee R. 2.98 2.58 271 271 2.29 266 | 0.25 9
Bolton Well 1.27 1.04 1.18 1.24 0.90 113 | 015 14
Ohio R. (Fernbank) 2.79 241 2.50 2.52 2.12 247 | 0.24 10
Muddy Creek 3.81 3.25 3.38 3.56 2.89 338 | 0.34 10
Great Miami R. 3.18 2.69 2.91 3.00 2.43 284 | 0.29 10
St. Leon Well 0.53 0.40 0.56 0.38 0.25 042 | 0.13 30

17.3.2 DOC Measurements for Seven Source Waters, Fortified with KHP, Three
Replicate Instrument Injections on Five Instruments

Dissolved Organic Carbon, mg/L, Samples Fortified at 10 mg/L OC

Source Water Inst #1 | Inst #2 | Inst #3 | Inst #4 | Inst#5 | Mean 32(‘17 %RSD | %REC"
Boulder Creek 122 11.8 115 114 110 116 | 043 4 101
Shingobee R. 135 133 13.2 124 12.0 129 | 0.62 5 102
Bolton Well 12.0 115 11.3 11.2 115 115 | 031 3 104
Ohio R. (Fernbank) | 13.6 132 131 124 12.3 129 | 054 4 105
Muddy Creek 14.6 14.3 14.0 13.3 131 139 | 0.62 5 105
Great Miami R. 13.7 134 131 12.7 12.3 13.0 | 055 4 102
St. Leon Well 110 105 10.7 10.1 10.0 105 | 040 4 100

2 For instrument identification (by type) see Section 6.3.
® 9% Recovery calculated as described in Section 9.8.
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTS?, cont’d.

17.3.3 Mean SUVA Calculation Based on the DOC Data in 17.3.1 for Five
Source Waters

SUVA" (L/mg-M)
UVA

Source Water (cm™) | Inst#1 | Inst#2 | Inst#3 | Inst#4 | Inst#5 | Mean
Boulder Creek 0.4324 2.62 3.08 2.84 2.97 3.58 3.02
Shingobee R. 0.7440 2.50 2.88 2.75 2.77 3.25 2.83
Bolton Well 0.2364 1.86 2.28 2.01 1.01 2.62 2.14
Ohio R. (Fernbank) | 0.7267 2.60 3.01 2.90 2.88 3.43 2.97
Muddy Creek 1.124 2.95 3.46 3.33 3.20 3.89 3.37
Great Miami R. 0.8948 2.81 3.33 3.07 3.05 3.69 3.19
St. Leon Well 0.0771 1.46 1.93 1.38 1.83 3.13 1.95

 For instrument identification (by type) see Section 6.3.
® SUVA calculated as described in Section 12.2.
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17.4 PRECISION AND ACCURACY DATA FOR TOC MEASURED IN SEVEN
SOURCE WATERS ON FIVE INSTRUMENTS*

17.4.1 TOC Measurements for Seven Source Waters, Three Replicate Instrument
Injections on Five Instruments

Total Organic Carbon, mg/L, Unfortified Samples
Source Water Inst#1 | Inst#2 | Inst#3 | Inst#4 | Inst#5 | Mean Ste(i %RSD
Boulder Creek 1.73 1.38 147 1.46 1.26 1.46 0.17 12
Shingobee R. 3.16 2.62 272 2.84 245 2.76 0.26 10
Bolton Well 1.32 1.05 1.16 112 0.93 112 0.14 13
Ohio R. (Fernbank) 3.02 2.46 2.58 281 231 2.64 0.28 11
Muddy Creek 4.24 341 3.18 4.04 3.34 3.64 0.47 13
Great Miami R. 351 2.89 2.92 3.42 2.72 3.09 0.35 11
St. Leon Well 0.66 0.39 0.45 0.28 0.32 0.42 0.15 35

17.4.2 TOC Measurements for Seven Source Waters, Fortified with KHP, from
Replicate Instrument Injections on Five Instruments

Total Organic Carbon, mg/L, Samples Fortified at 10 mg/L. OC

Source Water Inst #1 | Inst #2 | Inst #3 | Inst #4 | Inst#5 | Mean Sg‘l] %RSD | %REC"
Boulder Creek 121 11.3 11.2 114 110 114 | 043 4 99
Shingobee R. 13.0 12.7 12.6 125 121 126 | 0.32 3 98
Bolton Well 114 114 110 11.2 10.8 111 | 0.28 3 100
Ohio R. (Fernbank) 13.2 131 12.6 12.8 121 128 | 0.45 4 101
Muddy Creek 14.6 13.8 135 13.7 131 13.7 | 0.54 4 101
Great Miami R. 13.8 13.2 13.0 13.6 12.3 13.2 | 0.59 5 101
St. Leon Well 111 105 10.7 10.2 10.0 105 | 041 4 101

2 For instrument identification (by type) see Section 6.3.
® 9% Recovery calculated as described in Section 9.8.
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17.5

INITIAL DEMONSTRATION OF CAPABILITY (IDC) REQUIREMENTS

(SUMMARY)
Method Requirement Specification and Acceptance Criteria
Reference Frequency
Sects. 9.2.1, | Initid Analyze LRB prior to | LRBsmust be<0.35 mg/L OC
9.9 Demonstration of | any other IDC and < 0.01 cm™ UVA.
Low System samples.
Background
Sects. 9.2.2, |Initial Calibration | After initial calibration | The andyzed value of a 1-5 mg/L
9.11 Verification of TOC instrument calibration standard must be
sysem aQCS sample |within +20% of the true value
Is used to verify before proceeding with the
accuracy. method.
Sect. 9.2.3 | Initial Organic Analyze after Low LRB injections after the highest
Carbon Flow System Background OC-CAL injection must be
Injection Memory | requirement, but <0.35mg/L TOC.
Check before any other TOC
or DOC IDC samples.
Sect. 9.2.4 | Inorganic Carbon Prior to first analysis | Analysis of the IC-TEST solution
Removal of samples and after IC removal must resultin a
whenever the IC concentration of < 0.35 mg/L IC,
removal procedureis | measured as OC interference.
modified.
Sect. 9.25 |Initial Analyze 5 replicate The average recovery must be
Demonstration of LFBs (at 2-5 mg/L +20% of the true value.
Accuracy 00).
Sect. 9.2.6 |Initia Calculate precision of | The %RSD must be < 20%.
Demonstration of the accuracy samples.
Precision
Sect. 9.2.7 | Organic Carbon Analyze 7 replicate The calculated OCDL must not
Detection Limit LFBsover aperiod of |exceed 0.35 mg/L. The mean
(OCDL) at least 3days at a recovery of the LFBs used in the
Determination concentration OCDL determination must be
estimated to be near +50% of the true value.
the DL.
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Method Requirement Specification and Acceptance Criteria
Reference Frequency

Sect. 9.3.2 |Initial Prior to thefirst use of | FB < 0.35 mg/L OC and/or
Demonstration of filters and whenever a |<0.01 cm™ UVA. Sample
Filter Membrane manufacturer or filter | filtrate OC within + 15% of

Suitability type is changed. unfiltered sample OC.

Sect. 9.4.1 |Initia Prior to first Test two wavelengths between
Spectrophotometer | instrument use and 220 and 340 nm. Check
Check annually theregfter. manufacturer’ s operation manual

for acceptance limits.

Sects. 9.4.2, | Spectrophotometer | Prior to analysis of UVA within 10% of expected
104 Performance Check | samples. absorbance value.

415.3 - 52






17.6 QUALITY CONTROL REQUIREMENTS (SUMMARY)

Method Requirement Specification and Acceptance Criteria
Reference Frequency
Sect. 9.9 Blanks One LRB with each TOC TOC LRBs and DOC-FBs
analysis batch. One FB must be < 0.35 mg/L OC.
with each DOC and UVA | The UVA-FB must be< 0.01
analysis batch. cm® UVA.
Sect. 8.1 Holding Time, DOC - filtered and then Stored at < 6 °C; preserved
SUVA acidified within 48 hours of | with acid to pH < 2 after
collection. Analyzed filtration.
within 28 days of time of
collection.
UVA - filtered and Not preserved with acid,
analyzed within 48 hours of |stored a < 6 °C.
time of collection.
Sect. 8.2 Holding Time, TOC - analyze within 28 Preserved at pH < 2 at the
TOC days from time of time of collection, stored a
collection. <6°C.
Sects. 9.2, |Initia Performed whenever anew | See Table 17.5.
9.3,94 Demonstration of instrument is set up or
Capability (IDC) when anew analyst is
trained.
Sect. 9.5, Continuing Analysisof Low-CCC (at Low-CCC: + 50% of true
10.3 Calibration Checks | the MRL or below) at the value.

beginning of each andyss
batch. Subsequent CCCs
analyzed after every 10
samples and after the last
samplein the analysis
batch, rotating
concentrations to cover the
calibrated range of the
instrument. Mid-CCC
required during each
analysis batch.

Mid-CCC: + 20% of true
value.

High-CCC: + 15% of true
value.
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Method Requirement Specification and Acceptance Criteria
Reference Frequency
Sect. 9.6 Field Duplicate One FD is collected and FD > 2 mg/L OC < 20%
(FD) Analyses analyzed with eech analysis | RPD. UVA < 10% RPD.
batch.
Sect. 9.7 Laboratory One LFB isanalyzed with | Concentration of 1-5 mg/L
Fortified Blank every DOC analysisbatch. | OC using KHP. Recovery
(LFB) andyss must be within + 20% of true
value.
Sect. 9.8 Laboratory One LFM isandyzed with | Recovery outside 70-130%
Fortified Matrix every TOC or DOC warrants investigation of
(LFM) analysis batch. Spike matrix effect.
concentration should result
inanincrease inthe LFM
concentration of 50 to
200% of its measured or
expected concentration.
Sect. 9.11 | Quality Control The QCSisanalyzed The analyzed vdue of a 1-5
Sample (QCYS) during the IDC, after each | mg/L QCS must be within
new calibration curve, each | £20% of the true value.
time new calibration
solutions are prepared, or at
least quarterly.
Section Calibration Curve | A new cdibrationcurveis | Calibration curve must have
10.2 generated when fresh r’ > 0.993 before proceeding
standards are made and/or | with analyses.
when CCCs are out of QC
limits.
Section Spectrophotometer | The day to day performance | The UVA of the KHP-SCS or
104 performance check | of the spectrophotometer is | COMM-SCS reading must be
checked using the COMM- | within 10% expected

SCS and/or KHP-SCS prior
to analyzing any UVA
sample(s).

absorbance values. Analysis
of LRW must result in UVA
of <0.01cm™
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FIGURE 1: FILTER BLANK PREPARATION

LRW

WASH FILTER*,
DISCARD

FILTER LRW*,
DISPENSE INTO
40-ML VIALS

DESIGNATE AS
FILTER BLANK (FB)

DOC-FB UVA -FB
ADD ACID NO ACID

SPARGE NO SPARGE
ANALYZE ANALYZE

*Using volume as determined in Section 9.3.2.
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FIGURE 2 : SAMPLE PREPARATION

WATER SAMPLE

TOC DOC UVA

USING PRE - WASHED FILTERS
FILTER AND DISCARD FIRST PORTION*
TO WASTE

FILTER REMAINING SAMPLE

DISPENSE INTO 40ML VIALS

TOC AND DOC-SAMPLE UVA-SAMPLE
ADD ACID NOACID
SPARGE NO SPARGE
ANALYZE ANALYZE

* Using volume as determined in Section 9.3.2.3.
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Standard M ethods for the Examination of Water and Wastewater

4500-H*  PH VALUE*#(1)

4500-H* A. Introduction

1. Principles

Measurement of pH is one of the most important and frequently used tests in water
chemistry. Practically every phase of water supply and wastewater treatment, e.g., acid-base
neutralization, water softening, precipitation, coagulation, disinfection, and corrosion control, is
pH-dependent. pH is used in akalinity and carbon dioxide measurements and many other
acid-base equilibria. At a given temperature the intensity of the acidic or basic character of a
solution isindicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid- and
base-neutralizing capacities of awater and usually are expressed as milligrams CaCOg per liter.

Buffer capacity is the amount of strong acid or base, usually expressed in moles per liter, needed

to change the pH value of a1-L sample by 1 unit. pH as defined by Sorenson! is- log [H*]; it is
the *‘intensity’’ factor of acidity. Pure water isvery slightly ionized and at equilibrium theion
product is

[H*][OHT] = K,, 1
=1.01 x 10714 a 25°C
and
[H*] = [OH]
=1.005 x 10~/
where;

[H*] = activity of hydrogen ions, moles/L,
[OH™] = activity of hydroxyl ions, moles/L, and
K,, = ion product of water.

Because of ionic interactionsin al but very dilute solutions, it is necessary to use the
“‘activity’”’ of anion and not its molar concentration. Use of the term pH assumes that the activity

of the hydrogen ion, a*, is being considered. The approximate equivalence to molarity, [H*]
can be presumed only in very dilute solutions (ionic strength <0.1).

A logarithmic scale is convenient for expressing awide range of ionic activities. Equation 1
in logarithmic form and corrected to reflect activity is:
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(-10919 ay+) + (-1091g apy-) = 14 (2
or
pH + pOH = pK,,

where:
pHT#(2) = log,y a+ and

POH = log;q agy- -

Equation 2 states that as pH increases pOH decreases correspondingly and vice versa because
pK,, is constant for a given temperature. At 25°C, pH 7.0 is neutral, the activities of the hydrogen

and hydroxyl ions are equal, and each corresponds to an approximate activity of 10~/ moles/L.
The neutral point is temperature-dependent and ispH 7.5 at 0°C and pH 6.5 at 60°C.

The pH value of a highly dilute solution is approximately the same as the negative common
logarithm of the hydrogen ion concentration. Natural waters usually have pH valuesin the range
of 4to 9, and most are dlightly basic because of the presence of bicarbonates and carbonates of
the alkali and alkaline earth metals.

2. Reference
1. SORENSON, S. 1909. Uber die Messung und die Bedeutung der Wasserstoff ionen
Konzentration bei Enzymatischen Prozessen. Biochem. Z. 21:131.

4500-H™* B. Electrometric Method

1. General Discussion

a. Principle: The basic principle of electrometric pH measurement is determination of the
activ ity of the hydrogen ions by potentiometric measurement using a standard hydrogen
electrode and areference electrode. The hydrogen electrode consists of a platinum electrode
across which hydrogen gasis bubbled at a pressure of 101 kPa. Because of difficulty initsuse
and the potential for poisoning the hydrogen electrode, the glass electrode commonly is used.
The electromotive force (emf) produced in the glass electrode system varies linearly with pH.
This linear relationship is described by plotting the measured emf against the pH of different
buffers. Sample pH is determined by extrapolation.

Because singleion activities such as a,,™ cannot be measured, pH is defined operationally on
a potentiometric scale. The pH measuring instrument is calibrated potentiometrically with an
indicating (glass) electrode and a reference electrode using National Institute of Standards and
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Technology (NIST) buffers having assigned values so that:
pHE = - 10g;ga+

where:
pHE = assigned pH of NIST buffer.

The operational pH scale is used to measure sample pH and is defined as:

L = ph, + FE = E)
! 2.303 RT

where:
pH, = potentiometrically measured sample pH,
F = Faraday: 9.649 x 104 coulomb/mole,
E, = sampleemf, V,
E. = buffer emf, V,
R = gas constant; 8.314 joule/(mole °K), and
T = absolute temperature, °K.

NOTE: Although the equation for pH, appearsin the literature with a plus sign, the sign of emf
readings in millivolts for most pH meters manufactured in the U.S. is negative. The choice of
negative sign is consistent with the [IUPAC Stockholm convention concerning the sign of
electrode potential .12

The activity scale gives values that are higher than those on Sorenson’ s scale by 0.04 units:

pH (activity) = pH (Sorenson) + 0.04

The equation for pH, assumes that the emf of the cells containing the sample and buffer is due
solely to hydrogen ion activity unaffected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H* activity. Thisimposes an
experimental limitation on pH measurement; thus, to obtain meaningful results, the differences
between E, and E should be minimal. Samples must be dilute aqueous solutions of simple
solutes (<0.2M). (Choose buffers to bracket the sample.) Determination of pH cannot be made
accurately in nonagqueous media, suspensions, colloids, or high-ionic-strength solutions.

b. Interferences: The glass electrode isrelatively free from interference from color, turbidity,
colloidal matter, oxidants, reductants, or high salinity, except for a sodium error at pH > 10.
Reduce this error by using specia ‘‘low sodium error’’ electrodes.
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pH measurements are affected by temperature in two ways. mechanical effects that are
caused by changesin the properties of the electrodes and chemical effects caused by equilibrium
changes. In the first instance, the Nernstian slope increases with increasing temperature and
electrodes take time to achieve thermal equilibrium. This can cause long-term drift in pH.
Because chemical equilibrium affects pH, standard pH buffers have a specified pH at indicated
temperatures.

Always report temperature at which pH is measured.

2. Apparatus

a. pH meter consisting of potentiometer, a glass electrode, a reference electrode, and a
temperature-compensating device. A circuit is completed through the potentiometer when the
electrodes are immersed in the test solution. Many pH meters are capable of reading pH or
millivolts and some have scale expansion that permits reading to 0. 001 pH unit, but most
instruments are not that precise.

For routine work use a pH meter accurate and reproducible to 0.1 pH unit with arange of 0
to 14 and equipped with a temperature-compensation adjustment.

Although manufacturers provide operating instructions, the use of different descriptive terms
may be confusing. For most instruments, there are two controls: intercept (set buffer, asymmetry,
standardize) and slope (temperature, offset); their functions are shown diagramatically in Figure
4500-H*:1 and Figure 4500-H*:2. The intercept control shifts the response curve laterally to
pass through the isopotential point with no change in slope. This permits bringing the instrument
on scale (0 mV) with apH 7 buffer that has no change in potential with temperature.

The slope control rotates the emf/pH slope about the isopotential point (0 mV/pH 7). To
adjust slope for temperature without disturbing the intercept, select a buffer that brackets the
sample with pH 7 buffer and adjust slope control to pH of this buffer. The instrument will
indicate correct millivolt change per unit pH at the test temperature.

b. Reference electrode consisting of a half cell that provides a constant electrode potential.
Commonly used are calomel and silver: silver-chloride electrodes. Either is available with
several types of liquid junctions.

The liquid junction of the reference electrode is critical because at this point the electrode
forms a salt bridge with the sample or buffer and aliquid junction potential is generated that in
turn affects the potential produced by the reference electrode. Reference el ectrode junctions may
be annular ceramic, quartz, or asbestos fiber, or the sleeve type. The quartz type is most widely
used. The asbestos fiber typeis not recommended for strongly basic solutions. Follow the
manufacturer’ s recommendation on use and care of the reference electrode.

Refill nonsealed electrodes with the correct electrolyte to proper level and make sure junction
is properly wetted.

c. Glass electrode: The sensor electrode is abulb of specia glass containing a fixed
concentration of HCI or a buffered chloride solution in contact with an internal reference
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electrode. Upon immersion of anew electrode in a solution the outer bulb surface becomes
hydrated and exchanges sodium ions for hydrogen ions to build up a surface layer of hydrogen
ions. This, together with the repulsion of anions by fixed, negatively charged silicate sites,
produces at the glass-solution interface a potential that is afunction of hydrogen ion activity in
solution.

Several types of glass electrodes are available. Combination el ectrodes incorporate the glass
and reference electrodes into asingle probe. Usea‘*low sodium error’’ electrode that can operate
at high temperatures for measuring pH over 10 because standard glass el ectrodes yield
erroneously low values. For measuring pH below 1 standard glass electrodes yield erroneously
high values; use liquid membrane el ectrodes instead.

d. Beakers. Preferably use polyethylene or TFE*#(3) beakers.

e. Sirrer: Use either amagnetic, TFE-coated stirring bar or a mechanical stirrer with inert
plastic-coated impeller.

f. Flow chamber: Use for continuous flow measurements or for poorly buffered solutions.

3. Reagents

a. General preparation: Calibrate the electrode system against standard buffer solutions of
known pH. Because buffer solutions may deteriorate as aresult of mold growth or contamination,
prepare fresh as needed for accurate work by weighing the amounts of chemicals specified in
Table 4500-H+:1, dissolving in distilled water at 25°C, and diluting to 1000 mL. Thisis
particularly important for borate and carbonate buffers.

Boil and cool distilled water having a conductivity of less than 2 nmhos/cm. To 50 mL add 1
drop of saturated KCl solution suitable for reference electrode use. If the pH of this test solution
is between 6.0 and 7.0, use it to prepare all standard solutions.

Dry KH,PO, at 110 to 130°C for 2 h before weighing but do not heat unstable hydrated
potassium tetroxal ate above 60°C nor dry the other specified buffer salts.

Although ACS-grade chemicals generally are satisfactory for preparing buffer solutions, use
certified materials available from the National Institute of Standards and Technology when the
greatest accuracy is required. For routine analysis, use commercially available buffer tablets,
powders, or solutions of tested quality. In preparing buffer solutions from solid salts, insure
complete solution.

Asarule, select and prepare buffer solutions classed as primary standardsin Table
4500-H+:1; reserve secondary standards for extreme situations encountered in wastewater
measurements. Consult Table 4500-H+:11 for accepted pH of standard buffer solutions at
temperatures other than 25°C. In routine use, store buffer solutions and samplesin polyethylene
bottles. Replace buffer solutions every 4 weeks.

b. Saturated potassium hydrogen tartrate solution: Shake vigorously an excess (5 to 10 g) of
finely crystalline KHC4H,Og with 100 to 300 mL distilled water at 25°C in a glass-stoppered

bottle. Separate clear solution from undissolved material by decantation or filtration. Preserve for
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2 months or more by adding one thymol crystal (8 mm diam) per 200 mL solution.
c. Saturated calcium hydroxide solution: Calcine awell-washed, low-alkali grade CaCOin a

platinum dish by igniting for 1 h at 1000°C. Cool, hydrate by slowly adding distilled water with
stirring, and heat to boiling. Cool, filter, and collect solid Ca(OH), on afritted glass filter of

medium porosity. Dry at 110°C, cool, and pulverize to uniformly fine granules. Vigorously shake
an excess of fine granules with distilled water in a stoppered polyethylene bottle. Let temperature
come to 25°C after mixing. Filter supernatant under suction through a sintered glass filter of
medium porosity and use filtrate as the buffer solution. Discard buffer solution when atmospheric
CO, causes turbidity to appear.

d. Auxiliary solutions: 0.1N NaOH, 0.1N HCI, 5N HCI (dilute five volumes 6N HCI with one
volume distilled water), and acid potassium fluoride solution (dissolve 2 g KF in 2 mL conc
H,S0O, and dilute to 100 mL with distilled water).

4. Procedure

a. Instrument calibration: In each case follow manufacturer’s instructions for pH meter and
for storage and preparation of electrodes for use. Recommended solutions for short-term storage
of electrodes vary with type of electrode and manufacturer, but generally have a conductivity
greater than 4000 mmhos/cm. Tap water is a better substitute than distilled water, but pH 4 buffer
isbest for the single glass electrode and saturated KCl is preferred for a calomel and Ag/AgCl
reference electrode. Saturated KCl isthe preferred solution for a combination electrode. Keep
electrodes wet by returning them to storage solution whenever pH meter is not in use.

Before use, remove electrodes from storage solution, rinse, blot dry with a soft tissue, place
ininitial buffer solution, and set the isopotential point ( 2a above). Select a second buffer within
2 pH units of sample pH and bring sample and buffer to same temperature, which may be the
room temperature, afixed temperature such as 25°C, or the temperature of a fresh sample.
Remove el ectrodes from first buffer, rinse thoroughly with distilled water, blot dry, and immerse
in second buffer. Record temperature of measurement and adjust temperature dial on meter so
that meter indicates pH value of buffer at test temperature (this is a slope adjustment).

Use the pH value listed in the tables for the buffer used at the test temperature. Remove
electrodes from second buffer, rinse thoroughly with distilled water and dry electrodes as
indicated above. Immersein athird buffer below pH 10, approximately 3 pH units different from
the second; the reading should be within 0.1 unit for the pH of the third buffer. If the meter
response shows a difference greater than 0.1 pH unit from expected value, ook for trouble with
the electrodes or potentiometer (see 5a and 9 5b below).

The purpose of standardization isto adjust the response of the glass electrode to the
instrument. When only occasional pH measurements are made standardize instrument before
each measurement. When frequent measurements are made and the instrument is stable,
standardize less frequently. If sample pH values vary widely, standardize for each sample with a
buffer having a pH within 1 to 2 pH units of the sample.
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b. Sample analysis: Establish equilibrium between electrodes and sample by stirring sample
to insure homogeneity; stir gently to minimize carbon dioxide entrainment. For buffered samples
or those of high ionic strength, condition electrodes after cleaning by dipping them into sample
for 1 min. Blot dry, immerse in afresh portion of the same sample, and read pH.

With dilute, poorly buffered solutions, equilibrate electrodes by immersing in three or four
successive portions of sample. Take afresh sample to measure pH.

5. Trouble Shooting

a. Potentiometer: To locate trouble source disconnect electrodes and, using a short-circuit
strap, connect reference electrode terminal to glass electrode terminal. Observe change in pH
when instrument calibration knob is adjusted. If potentiometer is operating properly, it will
respond rapidly and evenly to changes in calibration over awide scale range. A faulty
potentiometer will fail to respond, will react erratically, or will show a drift upon adjustment.
Switch to the millivolt scale on which the meter should read zero. If inexperienced, do not
attempt potentiometer repair other than maintenance as described in instrument manual.

b. Electrodes: If potentiometer is functioning properly, look for the instrument fault in the
electrode pair. Substitute one electrode at a time and cross-check with two buffers that are about
4 pH units apart. A deviation greater than 0.1 pH unit indicates a faulty electrode. Glass
electrodes fail because of scratches, deterioration, or accumulation of debris on the glass surface.
Rejuvenate electrode by alternately immersing it three times each in 0.1N HCI and 0.1N NaOH.
If thisfails, immersetip in KF solution for 30 s. After reguvenation, soak in pH 7.0 buffer
overnight. Rinse and store in pH 7.0 buffer. Rinse again with distilled water before use. Protein
coatings can be removed by soaking glass electrodes in a 10% pepsin solution adjusted to pH 1 to
2.

To check reference electrode, oppose the emf of a questionable reference el ectrode against
another one of the same type that is known to be good. Using an adapter, plug good reference
electrode into glass electrode jack of potentiometer; then plug questioned electrode into reference
electrode jack. Set meter to read millivolts and take readings with both electrodes immersed in
the same electrolyte (KCI) solution and then in the same buffer solution. The millivolt readings
should be 0 £ 5 mV for both solutions. If different electrodes are used, i.e., silver: silver-chloride
against calomel or vice versa, the reading will be 44 + 5 mV for a good reference electrode.

Reference electrode troubles generally are traceable to a clogged junction. Interruption of the
continuous trickle of electrolyte through the junction causes increase in response time and drift in
reading. Clear a clogged junction by applying suction to the tip or by boiling tip in distilled water
until the electrolyte flows freely when suction is applied to tip or pressure is applied to the fill
hole. Replaceable junctions are available commercially.

6. Precision and Bias
By careful use of alaboratory pH meter with good el ectrodes, a precision of £0.02 pH unit
and an accuracy of +0.05 pH unit can be achieved. However, 0.1 pH unit represents the limit of
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accuracy under normal conditions, especially for measurement of water and poorly buffered
solutions. For this reason, report pH values to the nearest 0.1 pH unit. A synthetic sample of a
Clark and Lubs buffer solution of pH 7.3 was analyzed electrometrically by 30 laboratories with
a standard deviation of £0.13 pH unit.
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eds. Treatise on Analytical Chemistry. Part 1, Vol. 1, p. 821. Wiley-Interscience, New
York, N. Y.

2. LICHT, T.S. & A.J. DE BETHUNE. 1957. Recent developments concerning the signs of
electrode potentials. J. Chem. Educ. 34:433.

3. DURST, RA. 1975. Standard Reference Materials. Standardization of pH Measurements.
NBS Spec. Publ. 260-53, National Bur. Standards, Washington, D.C.

8. Bibliography

CLARK, W.M. 1928. The Determination of Hydrogen lons, 3rd ed. Williams & Wilkins Co.,
Baltimore, Md.

DOLE, M. 1941. The Glass Electrode. John Wiley & Sons, New York, N.Y.

BATES, R.G. & SF. ACREE. 1945. pH of agueous mixtures of potassium dihydrogen phosphate
and disodium hydrogen phosphate at 0 to 60°C. J. Res. Nat. Bur. Standards 34:373.

LANGELIER, W.F. 1946. Effect of temperature on the pH of natural water. J. Amer. Water Works
Assoc. 38:179.

FELDMAN, 1. 1956. Use and abuse of pH measurements. Anal. Chem. 28: 18509.
BRITTON, H.T.S. 1956. Hydrogen lons, 4th ed. D. Van Nostrand Co., Princeton, N.J.

KOLTHOFF, I.M. & H.A. LAITINEN. 1958. pH and Electrotitrations. John Wiley & Sons, New
York, N.Y.

KOLTHOFF, I.M. & P.J. ELVING. 1959. Treatise on Analytical Chemistry. Part I, Vol. 1, Chapter
10. Wiley-Interscience, New York, N.Y.

BATES, R.G. 1962. Revised standard values for pH measurements from 0 to 95°C. J. Res. Nat.
Bur. Standards 66A:179.

AMERICAN WATER WORKS ASSOCIATION. 1964. Simplified Procedures for Water Examination.
Manual M12, American Water Works Assoc., New York, N.Y.

WINSTEAD, M. 1967. Reagent Grade Water: How, When and Why? American Soc. Medical
Technologists, The Steck Company, Austin, Tex.

STAPLES, B.R. & R.G. BATES. 1969. Two new standards for the pH scale. J. Res. Nat. Bur.
Sandards 73A:37.

BATES, R.G. 1973. Determination of pH, Theory and Practice, 2nd ed. John Wiley & Sons, New
York, N.Y.

© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment Federation





Standard M ethods for the Examination of Water and Wastewater

Endnotes

1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1996.

2 (Popup - Footnote)
T p designates - log, of anumber.

3 (Popup - Footnote)
* Teflon or equivalent.
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1.0 INTRODUCTION

This standard operating procedure (SOP) describes the process for the determination of total dissolved
solids (TDS) by filtering a known volume of well-mixed sample through a standard glass-fiber filter and
filtrate is evaporated and dried to a constant weight at 180 °C.

2.0 SCOPE

This SOP establishes the guidelines for determining TDS in drinking, surface, ground water as well as
domestic and industrial wastewater.

3.0 DEFINITIONS

Analysis Batch — a set of samples prepared and analyzed together during a 24-hour period. For purposes of
this SOP, an analysis batch is limited to 10 field samples or the number specified in the project-specific
Quality Assurance Project Plan (QAPP). Quality control (QC) samples are not counted toward the 10 sample
limit.

4.0 ROLES AND RESPONSIBILITIES

4.1 This method is designed for use by personnel who are familiar with routine laboratory activities.
The analyst is responsible for:

Preparing standards and samples

Performing Initial Demonstration of Analyst Proficiency prior to sample analysis
Maintaining laboratory records

Ensuring adequate supplies with required purity

e Ensuring QA/QC are met per SOP or QAPP

o Data processing and data package preparation

4.2  The Principal Investigator (Pl) is responsible for:
e Ensuring that all the procedures in this SOP are followed
e Ensuring that all the activities have been performed in accordance with ORD PP 13.2, ‘Paper

Laboratory Records”.

4.3  All laboratory staff should ensure that they have completed all required laboratory safety training.
In addition, demonstration of analyst proficiency is required prior to perform sample analysis.

5.1 PROCEDURES
5.2  Method Summary
A known volume of well-mixed sample is filtered through a standard glass-fiber filter and filtrate is
evaporated and dried in an evaporating dish to a constant weight at 180 °C. The weight difference of the
filtrate dried dish and the clean dish is considered to be the TDS.

5.3 Sample Preservation Containers, Handling, and Storage

5.3.1 Collect samples in High Density Polyethylene (HDPE) plastic or glass containers.
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5.3.2 A minimum sample volume of 250 mL is required for sample analysis; 1 L is recommended.
5.3.3 Samples collected for analysis in accordance with this SOP shall be preserved at 412 °C

immediately after collection and processed within 7 days after sample collection.
5.4 Health and Safety Precautions
5.4.1 Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety
glasses) is required. In addition, any project-specific protective gear is required as

described in the project-specific Health and Safety Plan.

5.4.2 Appropriate heat-resistant PPE shall be worn when using and removing items from muffle
furnaces and ovens.

5.5 Interferences

5.5.1 Water samples with excessive amounts of calcium and magnesium salts may be
hydroscopic and require prolong drying, desiccation and rapid weighing for accurate
results.

5.5.2 Excessive residue in the evaporating dish can crust over and entrap water hampering water

evaporation.

5.5.3 Prolonged filtration can result in over estimation of TDS due to increased colloidal
materials captured on the clogged filter

Note: Keep evaporating dish dry and clean prior to use. If possible, store in a desiccator until ready for
use. Use caution when moving evaporating disks with dried residue to avoid potential loss of residue.
Verify that the suction flask is not connected to the vacuum pump in a manner where the filtrate is
drawn into the vacuum pump.

5.6 Reagents and Supplies

5.6.1 Dried NaCl
5.6.2 Color-indicating desiccant
5.6.3 Reagent Water

5.7 Equipment and Apparatus

5.7.1 Balance, capable of weighing 0.1 mg

5.7.2 Desiccator

5.7.3 Filtration apparatus

5.7.4 Suction flask, of minimum capacity to collect all filtrate

5.75 Tweezers
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5.6.7 Commercially prepared glass-fiber filter disks without organic binder, 2.2 cm to 12.5 cm
diameter, 2.0 um or smaller pore size. Available through Fisher Scientific, Catalog Number
09- 735-56 or HACH, Product Number 2546100.

5.6.8 Porcelain, platinum or high silica glass evaporating dishes, of minimum capacity to collect
all sample filtrate

5.6.9 Graduated cylinder(s)

5.6.10 Oven capable of maintaining a controlled temperature of 1030C - 1050C
5.6.11 Pipettes

5.6.12 Vacuum pump

5.6.13 High Density Polyethylene (HDPE) plastic or glass containers, 1 Liter

5.7 Procedure
5.7.1 Preparation of Check Standard

5.7.1.1 Unless otherwise specified, all reagents and standards need to be acquired, prepared, and
maintained in accordance with T&E SOP 206, Reagents and Standards.

5.7.1.2 Add 500 mg of dried NaCl to a 1 L HDPE plastic or glass container and dilute to 1 L with
reagent water.

5.7.1.3 Prepare new check standard solution every six months.

5.7.14 Label the container with the preparation date, expiration date (one month from
preparation date), and preparer’s initials.

Note: Maintain and verify the quality of analytical glassware in accordance with T&E SOP 203,
Analytical Glassware. Perform all balance checks and mass measurements in accordance with T&E
SOP 508, Mass Determinations Using Analytical Balances.

5.7.2 Sample Analysis

Note: The residue collected on the glass-fiber filter disk during this procedure can be used to determine
the Total Suspended Solids (TSS) concentration as described in T&E SOP 509, Total Suspended Solids.

5.7.2.1 Determine the mass of a clean and dry evaporating dish and record the results on
Attachment B, Datasheet for Total Dissolved Solids Analysis.

5.7.2.2 Record the sample ID on the evaporating dish.

5.7.2.3 Determine the appropriate sample volume to use. Record the sample volume on
Attachment B. The normal sample volume is 250 mL.
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5.7.2.3.1 If the filtration time exceeds 20 minutes, reduce the sample volume to obtain between 2.5

to 200 mg of residue.

5.7.2.3.2 If there is no visible residue on the filter disk, increase the sample volume to obtain

5.7.2.4

5.7.25

5.7.2.6

5.7.2.7

5.7.2.8

5.7.2.9

5.7.29.1

5.7.2.10

5.7.211

5.7.2.12

5.7.2.13

5.7.2.14

5.7.2.15

5.7.2.16

5.7.2.17

between 2.5 to 200 mg of residue, but sample volume should not exceed 1 L.

Connect the vacuum pump to a clean suction flask which is connected to the filtration
apparatus. Verify that the suction flask is not connected to the vacuum pump in a manner
where the filtrate is drawn into the vacuum pump.

Place the pretreated glass-fiber filter disk, wrinkled side up, in the filter apparatus.

Apply the vacuum.

Seat the glass-fiber filter disk by wetting it with a little deionized water.

Bring samples to room temperature before analysis. Mix the sample thoroughly and filter
the appropriate sample volume into a graduated cylinder through the filter disk.

After the sample passes through the filter disk, wash the graduated cylinder, residue, and
filter disk with three (3) successive 10 mL portions of reagent water. Allow complete

drainage between washings.

If the volume of filtrate exceeds the capacity of the evaporating dish, successive
portions of filtrate can be added to the same dish and evaporated.

Continue to apply a vacuum until all visible traces of water is removed.

Turn off the vacuum.

Place the evaporating dish with the filtrate in an oven set at 180 + 2 °C and evaporate to
dryness. Add any filtrate remaining from Step 5.7.2.9.1 and repeat the process until no
filtrate remains.

Continuing drying the evaporated sample for at least one (1) hour.

Remove the evaporating dish with evaporated sample from the oven and place in a
desiccator. Allow to cool to room temperature.

Weigh the evaporating dish and evaporated sample and record the mass on Attachment B,
Datasheet for Total Dissolved Solids Analysis.

Repeat Steps 5.7.2.13 through 5.7.2.15 until a constant mass is obtained. Constant mass is
achieved when the mass change in successive mass determinations is less than 4% or less
than 0.5 mg.

Once a constant mass has been achieved, record the final mass of the sample residue on
Attachment B, Datasheet for Total Dissolved Solids Analysis.
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5.8 Calculations

Where,

5.8.1

5.8.2

5.8.3

5.8.4

5.8.5

5.8.6

(A-B)x 1000

Sample Volume,mL

TDS, mg/L =

A = Mass of evaporating dish + dried residue, mg.
B = Mass of evaporating dish, mg.

If the results are less than 2, report as “<2 mg/L”. Report to the nearest whole mg/L.
Record the results on Attachment B, Datasheet for TDS Analysis.

The relative percent difference (RPD) between duplicate sample analyses shall be less or
equal to 20%. If not, repeat the analyses.

Draw a single line through any unused sample analysis fields on Attachment B,
Datasheet for Total Dissolved Solids Analysis.

Attachment A contains a flow chart for TDS analysis.

All original analytical documentation generated and prepared for the EPA shall be
controlled in accordance with T&E SOP 101, Central Files.

All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and
Verification.

5.9 Quality Assurance and Quality Control

6.0

501

5.9.2

5.9.3

594

Analyze one blank sample per analysis batch. The blank is prepared by filtering 250 mL of
reagent water through a pre-treated glass-fiber filter and processing the blank filtrate with
the samples. The results for the blank shall be less than 2 mg/L. If not, repeat the analysis.

Analyze one check standard per analysis batch. The check standard is processed as a
sample and analyzed. The acceptance criteria for check standard results must be within
125% of known value. If an invalid check standard result is obtained, investigate causes for
invalid results and check all calculations. If possible, repeat analysis for affected samples.

Analyze one duplicate sample per analysis batch. The relative percent difference (RPD)
between duplicate sample analyses shall be less or equal to 20%. If not, repeat the
analysis.

Record the results of the blank, check standard and duplicate sample where indicated on
Attachment B, Datasheet for Total Dissolved Solids Analysis.

RECORDS GENERATED

Records Closure Retention | Custodian/location of
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7.2 EPA, March 2001. Guidance for Preparing Standard Operating Procedures (EPA QA/G-6),
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7.3 Guide to Environmental Analytical Methods, 3rd Edition. Genium Publishing Corporation,

Schenectady, NY.

7.4 CB&I,2017. EPA T&E Contract Administrative SOP 101, Central Files.

7.5 CB&I,2017. EPA T&E Contract Administrative SOP 102, Data Review and Verification.
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8.0 REVISION SUMMARY

Revision Name

Date

Description of Change

0 Steven Jones

01/19/2006

Developed SOP.

1 Steven Jones

07/26/2006

Updated page headers to reflect correct
SOP number (SOP 509 to SOP 110),
added flowchart to Attachment A and
advanced existing Attachment to B,
revised Attachment references
accordingly.

2 Jill Webster

12/08/2010

Revised Sections of original SOP,
included Attachment A and B. Updated
references and wording as needed.

3 Nicole Sojda

05/15/2017

Revised completely, formatted and
condensed to 8 Sections.
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ATTACHMENT A
TOTAL DISSOLVED SOLIDS ANALYSIS FLOW CHART

Use Attachment B, Datasheet for
TDS Analysis to record
calibration and analysis data.

!

Verify balance calibration per
SOP 508, Mass Determinations
Using Analytical Balances.

v

Determine the mass of an empty
evaporating dish.

|
v

Filter sample and collect filtrate.

Place sample filtrate in
evaporating dish and evaporate
filtrate in oven to dryness.

A

File completed Attachment B with
data package in accordance with
T&E SOP 102, Data Review and

Verification.

Has all sample
filtrate been

processed?

Yes T

No
Has a constant

mass been
obtained?

Cool evaporating dish with
sample residue in desiccator.

Determine the mass of
evaporating dish with sample
residue.

Determine the mass of
evaporating dish with
sample residue.

A
[

Place evaporating dish -
with sample residue in Cool evaporating

oven for 1 additional dish with sample
hour. residue in desiccator.

v
\ 4
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ATTACHMENT B
DATASHEET FOR TOTAL DISSOLVED SOLIDS ANALYSIS

Analysis Date:

Work Assignment:

Before Analysis - TDS Balance Check: 100.00g 150.00g
After Analysis - TDS Balance Check: 100.00g 150.000
Standard prepared by adding 500mg dried NaCl to 1L volumetric flask and filling to volume with reagent water
Chemical Distributer Lot # Mass used (g) Concentration (mg/L)
NaCl
Filter] ~ Sample Evaporating Evaporating Dish +residue | tpg Resylt
Sample ID # | Volume (mL) Dish (g) (g | 2"(g) 39(g) (mg/L)
Blank 1
Standard 2
3
4
5
6
7
8
9
10
11
12
13
150- 100- 150- 100-
Additional Balance Checks
Initial Evaporating Dish
Evaporating Dish # Initial weight (g) Reweight (g)

Do Evaporating Dish weights (initial and re-weight) agree?

Is Blank Recovery < 2.0 mg/L? No

_ No
Is Standard Recovery within 25% of calculated values?

Laboratory Duplicate
Sample ID

Sample Result Duplicate Result RPD (%)

|:| Yes |:| No

Is Duplicate RPD < 20%7?

Comments:

Analyst: Date:

Reviewed By: Date:
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1 INTRODUCTION

This standard operating procedure (SOP) describes the procedure for determining the turbidity of
water samples using a turbidimeter. Turbidimeters measure the clarity of water by illuminating the
sample with a light source and detecting the intensity of light scattered at 90 degree angles from the
incoming light. Turbidimeters with scattered-light detectors located at 90 degrees to the incident beam
are referred to as nephelometers, and this type of light measurement is called nephelometric.
Nephelometric measurement results are reported as  nephelometric turbidity units (NTU).

2 SCOPE

This SOP describes the procedure for calibrating a bench turbidimeter and determining the
turbidity of water samples.

3 DEFINITIONS

Term Definition

Qual ity Assurance A quality assurance plan that defines the quality related requirements for a
Project Plan (QAPP) specific project.
Readability The value of the smallest unit that can be read without estimation. In the case

of digital instruments, the readability is the smallest increment of the least
significant digit (for example, 1, 2, or 5).

Secondary Standards Commercially-prepared turbidity standards that are used for instrument
calibration that the manufacturer (or an independent testing organization) has
certified to provide instrument calibration results equivalent (within certain limits)
to the results obtained when the instrument is calibrated with the primary

standard.

Sample Cell Tubes of clear, colorless glass used for both nephelometric standardization and
sample measurement.

Turbidity A measure of the clarity of water. Very high turbidity water will appear cloudy or

opaque while very low turbidity water will appear clear or translucent.

4 ROLES AND RESPONSIBILITIES

The techniques of a first time analyst shall be reviewed by an experienced analyst prior to initiating
this SOP alone. During this review, the new analysts will be expected to demonstrate their
capability to perform this analysis.

5 PROCEDURES

5.1 Sample Collection
e Collect a minimum of 100 mL of sample in high density polyethylene (HDPE) or glass
sample container.
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5.2 Sample Preservation, Containers, Handling, and Storage
e Sample hold time for turbidity analysis is 48 hours from sample collection.

e Sample preservation for turbidity analysis is 4+20C.

e The sample container with the representative sample should be carefully inverted a few times
prior to pouring off the sample into the sample cells to disperse any settled particles in the
sample. Ensure the sample container lid is firmly affixed prior to inverting.

Note: Vigorously inverting the sample may cause air bubbles to get entrained in the sample and
provide artificially high readings.

5.3 Health and Safety Precautions

Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, safety glasses) is
required. Inaddition, any project-specific protective gear as described in the project-specific Health
and Safety Plan is required.

Interferences

e The use of dirty glassware or glassware with imperfections and scratches may give false
results. Sample cells used for nephelometric measurements shall be scrupulously clean and
free from scratches or etches. Sample cells and secondary standards shall be handled only
by the top to avoid dirt and fingerprints.

e Airbubbles may give false results. Efforts should be made to remove air bubbles from the
sample prior to analysis.

e Water with dissolved substances that absorb light causes measured turbidity to be low.
Low-turbidity water shall be used for dilutions.

e Secondary standard values may change with time. Replace standards when their age
exceeds the manufacturer’s expiration date.

n
=N

e Secondary standards shall be stored between 0°C and 25°C, unless otherwise specified
by the manufacturer.

o Small differences between sample cells can significantly impact measurement. Use
matched pairs of cells for both standardization and sample measurement.

e The nephelometer should be on a flat, sturdy surface when taking measurements.

5.5 Reagents and Supplies

. Secondary standards — StablCal Stabilized Formazin or formazin standards
o Secondary standard; <0.1 NTU; commercially prepared
o Secondary standard; 20 NTU; commercially prepared
o Secondary standard; 100 NTU; commercially prepared
o Secondary standard; 800 NTU; commercially prepared

. Silicone oil and oiling cloth

. Low-turbidity water (for sample dilutions). High-purity water will cause some light scattering,

whichis detected by nephelometers as turbidity. Low-turbidity water with a nominal value of
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1.2 NTUcanbe obtained as follows:
o Pass laboratory reagent-grade water through a 0.45 pum pore size membrane filter
(or smaller). Rinse the collecting flask at least twice with the filtered water and
discard the next 200 mL.
o Use of commercially bottled demineralized water.

5.6 Equipment/Apparatus
. Nephelometer
. High density polyethylene or glass sampling containers, 250 mL
. Sample cells with caps

5.7 Procedure

e Record the turbidity check standards expiration date on Attachment B, Datasheet for
Turbidity Analysis.

e Turn on the nephelometer.

e Selectthe <0.1 NTU secondary standard. NOTE: Only handle secondary standards by
the tops or caps to keep standards free from dirtand fingerprints.

e Wipe the <0.1 NTU secondary standard sample cell with a soft, lint-free wipe to remove
water spots and fingerprints.

e .Applya thin film of silicone oil to the sample cell and wipe with a soft cloth to obtain an
even film over the entire surface.

e Open the sample cell compartment lid on the nephelometer.

¢ Insertthe standard into the nephelometer’s cell compartment so that the diamond or
orientation mark on the standard aligns with the raised orientation mark in front of the
cell compartment.

e Close the sample cell compartment lid on the nephelometer.

e Press CAL on the nephelometer to enter calibration mode.

e Press READ on the nephelometer to begin calibration. The nephelometer’s display will
automatically increment to the next standard value when the nephelometer has
completed calibration of the secondary standard.

e Open the nephelometer sample cell compartment lid.

e Remove the <0.1 NTU secondary standard from the sample cell compartment and
returnthe standard to its storage case.

o Select the next secondary standard, as indicated by the instrument’s display. Gently
invert the 20NTU, 100 NTU, and 800 NTU secondary standards several times prior to
use to suspend the contents but do not invert the <0.1 NTU secondary standard.

e Repeat the above steps for the remaining three secondary standards.

e Ensure the instrument’s display is showing the value of the standard selected. The
standards are selected in order from the lowest value standard to highest value standard.
If the display value is incorrect, edit the display value to read the standard value by
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pressing the appropriate arrows.

e Press CAL on the nephelometer to exit calibration mode and automatically
returnto measurement mode.

e Close the sample cell compartment lid on the nephelometer.

Analyze a check standard (secondary standard) following calibration prior to sample analysis,
after every 10 samples, at the end of sample analysis, or as specified in the project-specific
QAPP.

Select a secondary standard to use as a check standard that has a turbidity value near the
expected turbidity of the samples to be analyzed. Note: Do not use the <0.1 NTU secondary
standard since the NTU value of this standard is not precisely defined.

Open the sample cell compartment lid on the nephelometer.

Insert the standard into the nephelometer’s cell compartment so that the diamond or
orientation mark on the standard aligns with the raised orientation mark in front of the

cell compartment.

Close the sample cell compartment lid on the nephelometer.

Verify that automatic range is selected. The nephelometer’s display will show AUTO RNG
when the instrument is in automatic range selection. Pressing the RANGE key will change
the selection to manual or automatic range.

Press READ on the nephelometer to begin sample analysis.

After the lamp symbol turns off, read the turbidity result from the nephelometer’s display.
Verify that the turbidity result of the secondary standard is within the control limits specified
in Section 12.0.

Record all check standard results on Attachment B, Datasheet for Turbidity Analysis.

Verify the nephelometer has been calibrated prior to sample analysis per above
Nephelometer Calibration Section.

Remove the cap on a clean sample cell, taking care to handle the sample cell by the top.
Fill a sample cell with representative sample with about 15 mL of sample to the line on the
sample cell.

Replace the sample cell cap.

Wipe the sample cell with a soft, lint-free wipe to remove water spots and fingerprints.
Apply a thin film of silicone oil to the sample cell and wipe with a soft cloth to obtain an
even film over the entire surface.

Open the sample cell compartment lid on the nephelometer.

Carefully invert sample cell a couple of times to disperse the sample. Avoid adding air
bubbles to the sample.

Insert the sample cell into the nephelometer’s cell compartment so that the diamond or
orientation mark on the sample cell aligns with the raised orientation mark in front of the
cell compartment.

Close the sample cell compartment lid on the nephelometer.
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o Verifythat automatic range is selected. The nephelometer’s display will show AUTO RNG
when the instrument is in automatic range selection. Pressing the RANGE key will change
the selection to manual or automatic range.

e Press READ on the nephelometer to begin sample analysis.

e After the lamp symbol turns off, record the turbidity result from the nephelometer’s display
on Attachment B, Datasheet for Turbidity Analysis.

e Open the sample cell compartment lid on the nephelometer.

e Remove the sample cell.

e Upon completion of all tests, ensure that the sample cell compartment lid on the
nephelometer is closed.

e Flashing Numeric Display
o If the highest value in the analysis range selected is flashing on the nephelometer
display, the sample is too turbid for the selected range. If 1000 NTU flashes on the
nephelometer display, the sample turbidity is over the instrument’s range and it will
be necessary to dilute the sample.
e Display Reads CAL?

o A flashing CAL? indicates that the instrument is using the default calibration
programmed at the factory. A non-flashing CAL? indicates that a calibration has
questionable validity. In either case, recalibrate the instrument

E Messages
o Refer to the instrument’s manual for a list of error messages and corrective actions

5.8 Calculations
Turbidity readings are to be reported as follows:

Turbidity Range (NTU) Report to the nearest (NTU)
0-1.0 0.05
1-10 0.1
10-40 1
40-100 5
100-400 10
400 - 1000 50
>1000 100

Record the reported turbidity readings on Attachment B, Datasheet for Turbidity Analysis. Draw a
single line through any unused sample analysis fields on Attachment B, Datasheet for Turbidity
Analysis.

5.9 Quality Assurance/Quality Control
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e Calibration — Calibrate the nephelometer daily when in use prior to sample analysis.

e Calibration check — A secondary standard with a turbidity value near the expected turbidity
of the samples will be used for calibration checks and analyzed after calibration prior to
sample analysis, after every 10 samples, and at the end of sample analysis. The
acceptance criteria for calibration check shall be within £10% of the stated secondary
standard value. Corrective actions for readings outside of the acceptance criteria may
include recalibration and/or reanalysis of affected samples.

e Duplicate samples — Duplicates will be run at least once per batch or every ten samples for
larger batches. Duplicate samples will be considered valid if the calculated Relative
Percent Difference (RPD) is less than 20%. If possible, repeat invalid duplicate analysis
on the same sample; if sample volume does not allow this, choose another sample and note
on Attachment B: Datasheet for Turbidity Analysis.

6 RECORDS GENERATED

Records Closure Retention | Custodian/location of records
File Type Schedule Title
Original Follow T&E | Close when | Destroy | Custodian— Chief of
Analytical Facility SOP activity, 20 years | Operations
Documentation 101 project, or | after file
topic closure. | Location — Chief of
completed. Operations’ office until
project closed, then transfer to
long-term storage.
Data Packages Follow T&E | Close when | Destroy | Custodian — Chief of
Facility SOP activity, 20 years | Operations
102 project, or after file
topic closure. | Location — Chief of
completed. Operations’ office until

project closed, then transfer to
long-term storage.

7/ REFERENCES

EPA, March 2001. Guidance for Preparing Standard Operating Procedures (EPA QA/G-6),
EPA/240/B-01/004, Office of Environmental Information.

EPA T&E Contract Administrative SOP 101, Central Files.

EPA T&E Contract Administrative SOP 102, Data Review and Verification.

HACH 2100P Portable Turbidimeter Procedure Manual.
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Standard Methods for the Examination of Water and Wastewater, 20" Edition, 1999. Method 2130,

Turbidity.

8 REVISION HISTORY

Revision #

Description

Effective Date

0

Developed SOP and incorporated review comments.

02/07/2005

1

Reformatted document, updated SOP number from old
format to new format, added sample collection containers to
Section 8.0, revised Sections 9.1 and 9.2 to include sample
collection containers and sample volume, added Note to
Section 9.2.4, added Section 9.3 Calibration Check and
renumbered Section 9.0, revised Section 11.0 to reflect
current data management practices, revised calibration check
requirements in Section 12.0, updated Section 14.0
References, added flow chart to Attachment A and advanced
existing Attachment A to Attachment B, updated datasheet in
Attachment B.

07/25/2006

Revised Sections 3.2,9.2, 9.5, 10 and 13. Wipe samples cells
to remove water and fingerprints. Wipe the cells again with
a light oil film.

12/09/2010

Reviewed SOP, updated to 8 section format

07/26/2017
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Scope and Applicability
This standard operating procedure (SOP) describes the process for determining total hardness
(Calcium + Magnesium ions) in water using the Ethylenediaminetetraacetic acid (EDTA) titrimetric
method. This method is applicable to drinking, surface, and saline waters.
Summary of Method
Total hardness is the total concentration of calcium and magnesium ions in a solution. The solution
is titrated with EDTA which complexes the calcium and magnesium in the solution. The indicator
used in this procedure changes from red to blue as all the calcium and magnesium ions are
complexed. Total hardness is then expressed as milligrams per liter of calcium carbonate and
represents the calcium plus magnesium concentrations of the solution.
Definitions
Analysis Batch — a set of samples prepared and analyzed together during a 24-hour period. An
analysis batch is limited to 20 field samples. Quality control (QC) samples are not counted toward
the 20 sample limit.
Health and Safety Warnings
4.2  Standard laboratory personal protective equipment (i.e., lab coat, gloves, and safety glasses)
are required. In addition, any project-specific protective gear is required as described in the
project-specific Health and Safety Plan.

4.3 Ethylenediaminetetraacetic acid (EDTA) — May cause eye, skin, digestive tract, and
respiratory tract irritation.

4.4  Calcium carbonate — May cause eye and skin irritation.
Cautions

Temperature affects color changes and indicator decomposition. All standards, samples, and
reagents should be at room temperature prior to analysis.

Interferences

Certain metals present in the sample may cause interference during titration which will be indicated
by a lack of color change during the titration process. The interference can be minimized by adding
sodium sulfide nonahydrate or sodium thiosulfate pentahydrate.

Personnel Qualifications

The techniques of a first-time analyst shall be reviewed by a senior analyst prior to initiating this
SOP alone. During this review, the new analysts will be expected to demonstrate their capability to
perform this analysis.

Equipment and Supplies

8.2 Erlenmeyer flasks, 125mL

8.3 Stir-plate

8.4 Stir-bars
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8.5 Graduated Cylinders, 50mL or 100mL

8.6 Class A Pipettes, 10 mL

8.7 Burette — borosilicate glass, 10mL or 25mL

8.8 High density polyethylene (HDPE) plastic or glass sample containers, 250mL

Reagents

9.2 Buffer — Water Hardness Buffer Solution, LabChem cat# LC26800-1.

9.3 Inhibitor — Dissolve 5.0g sodium sulfide nonahydrate (Fisher cat# S425-500) or 3.7g sodium
thiosulfate pentahydrate (Fisher cat# S445-500) in 100mL deionized water. Exclude air with
tightly fitted rubber stopper.

9.4 Indicator — Eriochrome Black T in NaCl, LabChem cat# LC14050-9.

9.5 Standard EDTA Titrant, 0.02N — Hach cat# 20553

9.6 Calcium Carbonate Standard, 1000mg/mL — Hach cat# 12153.

9.7 Nitric Acid (HNO3) — used for preserving samples, Fisher cat# A206C-212.

9.8 Check Standards — Hardness Standard Solution as CaCOs (100mg/L and 1000mg/L), Hach
cat# 2833449 and 2833349.

9.9 Deionized water.

Procedure

10.2 Sample Collection, Handling, and Preservation

10.2.1 Collect samples in 250mL HDPE plastic or glass sample containers.
10.2.2 Preserve samples to a pH < 2 using HNOs.

10.2.3 Once preserved, analyze within 6 months of collection. The hold time for preserved
samples is 6 months.

10.3 Preparation of Standards

10.3.1 Standardization of EDTA Titrant

10.3.1.1 Pipette 5mL standard calcium carbonate solution into a 125mL Erlenmeyer
flask and dilute to 50mL with deionized water.

10.3.1.2 Carefully add the following reagents:
1mL buffer
1mL inhibitor
% scoop (=0.25g) indicator
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10.3.1.3 Titrate with EDTA titrant to a blue end-point.
10.3.1.4 Repeat 10.2.1.1 thru 10.2.1.3 two more times.

10.3.1.5 Calculate the normality (N) of EDTA for each of the three standardization
aliquots;

Where:
0.2

mL EDTA titrant used

N of EDTA =

10.3.1.6 Calculate the average of the three results from 10.2.1.5. The average of the
three normalities is accepted as the normality of the EDTA solution.

10.3.1.7 Use Attachment A, Datasheet for Total Hardness Analysis, to record the
results.

10.4 Sample Analysis
Note: Sample must be at room temperature prior to proceeding with analysis.

10.4.1 Place 25mL sample in a 125mL Erlenmeyer flask and dilute to 50mL with
deionized water.

10.4.2 Carefully add reagents per 10.2.1.2.
10.4.3 Titrate with EDTA titrant per 10.2.1.3 (color changes from pinkish-red to blue).

Note 1: The sample should require at least 1mL titrant, but <15mL titrant.
Note 2: Titration should be completed within 5 minutes of adding the buffer.

Note 3: For samples with very low hardness (requiring <1mL titrant), use 50mL
sample, no dilution, and twice the amount of reagents in 10.2.1.2.

10.4.4 Record volume of EDTA titrant used on Attachment A, Datasheet for Total Hardness
Analysis.

10.5 Calculations

Ax N x50,000
10.5.1 Total Hardness, mg CaCOs/L =
mL Sample
Where:
A = mL titrant

N = normality of titrant
10.5.2 Record results on Attachment A, Datasheet for Total Hardness Analysis.
11.1 Data and Records Management

11.2 All original analytical documentation generated and prepared for the EPA shall be controlled
in accordance with T&E SOP 101, Central Files.
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11.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and
Verification.

Quality Control and Quality Assurance

12.2 Check Standard — Two check standards of different concentration levels are processed as a
sample and analyzed at least once per analysis batch. The acceptance criteria for the check
standard results must be within £15% of the known value. Analysis cannot proceed if an
invalid check standard result is obtained. Investigate causes for invalid results, check all
calculations, and repeat analysis for all affected samples. Record results on Attachment A,
Datasheet for Total Hardness Analysis.

12.3 Duplicate samples — Duplicates will be run at least once per batch. Duplicate samples will be
considered valid if the calculated relative percent difference (RPD) is within 20%. If possible,
repeat invalid duplicate analysis on the same sample. If sample volume does not allow this,
choose another sample and note on Attachment A, Datasheet for Total Hardness Analysis.

References

13.2 EPA, March 2001. Guidance for Preparing Standard Operating Procedures (EPA QA/G-6),
EPA/240/B-01/004, Office of Environmental Information.

13.3 EPA, 1978. Methods and Guidance for the Analysis of Water. Method 130.2, Hardness, Total
(mg/L as CaCQOg) (Titrimetric, EDTA).

13.2 American Public Health Association, 1998. Standard Methods for the Examination of Water
and Wastewater, 20" Edition, Method 2340 C Titrimetric Method.

13.3 Guide to Environmental Analytical Methods, 3" Edition. Genium Publishing Corporation,
Schenectady, NY.

13.4 Shaw Environmental & Infrastructure, Inc., 2011. EPA Test & Evaluation Contract
Administrative SOP 101, Central Files.

13.5 Shaw Environmental & Infrastructure, Inc., 2011. EPA Test & Evaluation Contract
Administrative SOP 102, Data Review and Verification.
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ATTACHMENT A — DATASHEET FOR TOTAL HARDNESS ANALYSIS

Analysis Date: Work Assignment:

Check Standard / Reagent Lot Number Expiration Date
Known #1
Known #2
Eriochrome Black T
CaCO3 'IE?r;nAt EDTA Average
Sample ID Lot#: Lot#: Lot#: Normality
Expiry: Expiry: Expiry: EDTA
Vol (mL) Vol (mL) Normality (N)
Standardization 1
Standardization 2
Standardization 3
SamplelD | gtample | volme Tt | (omalty | Semat | R

Are Check Standard results within +15% of known value?

[] Yes No

No
Duplicate Analysis: Are Sample Duplicate RPDs within 20%7? |_| Yes
Comments:
Analyst: Date:
Reviewed By:

Date:
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Scope and Applicability

This standard operating procedure (SOP) describes the process for determining free and total
chlorine concentrations in water, wastewater, and seawater samples using N.N-diethyl-p-

phenylene-diamine (DPD) Chlorine Reagent Accuvac® Ampules. This colorimetric method is valid
for determining free and total chlorine concentrations ranging from 0.02 mg/L to 2.00 mg/L.

Summary of Method

Total chlorine in water is a measure of the free chlorine and combined chlorine in the sample.
Chlorine, when applied to water, undergoes hydrolysis to form free chlorine consisting of aqueous
molecular chlorine, hypochlorous acid, and hypochlorite ion. The free chlorine readily reacts with
any ammonia that may be present in the water sample to form combined chlorine that consists of
monochloramine, dichloroamine, and nitrogen trichloride.

The reagent used to measure free chlorine in the sample contains DPD, while the reagent used to
measure total chlorine contains both iodide and DPD. The iodide in the reagent is oxidized by the
combined chlorine to form iodine. Both the iodine and free chlorine react with the DPD in the
reagent to form a red color which is proportional to the total chlorine concentration.

Definitions

Analysis Batch — A set of samples prepared and analyzed on the same instrument during a 24-hour
period. An analysis batch is limited to 20 field samples. Quality control (QC) samples are not
counted toward the 20 sample limit.

Health and Safety Warnings

4.2  Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety
glasses) is required. In addition, any chemical-specific or project-specific protective gear
required will be described in the project-specific Health and Safety Plan.

4.3 DPD Free Chlorine Reagent AccuVac® Ampules (HACH Catalog # 25020-25) — May cause
eye and respiratory tract irritation. May cause allergic skin reaction. Rough broken edges of
glass ampule can cause severe cuts.

4.4 DPD Total Chlorine Reagent AccuVac® Ampules (HACH Catalog # 25030-25) — May cause
eye and respiratory tract irritation. May cause allergic skin reaction. Rough broken edges of
glass ampules can cause severe cuts.

45 Chlorine Standard Solution, PourRite® Ampule (HACH Catalog # 26300-20) — May cause
eye irritation. Rough broken edges of glass ampule can cause severe cuts.

4.6 Potassium lodide Solution, 30 g/L (HACH Catalog # 343-32) — May cause eye irritation.

4.7 Sodium Arsenite solution, 5 g/L (HACH Catalog # 1047-32) — Harmful if swallowed. May
cause eye and skin irritation. Contains material which can cause cancer.

4.8 Sodium Hydroxide Solution, 1 N (HACH Catalog # 1045-32) — Causes burns.

4.9  Sulfuric Acid Solution, 1 N (HACH Catalog # 1270-32) — Causes eye burns. May cause
respiratory tract irritation. Contains sulfuric acid, which may cause cancer.
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Cautions

5.2

5.3

54

55

5.6

Avoid using plastic sample containers since these containers may have a large chlorine
demand. Glass sample containers should be pretreated to remove any chlorine demand on
the glass by soaking in a dilute bleach solution (1 part commercial bleach to 1000 parts of
deionized water) for at least one hour, then rinse thoroughly with deionized or distilled water.
If sample containers are thoroughly rinsed with deionized or distilled water after use, only
occasional pretreatment is necessary.

Do not preserve, agitate, or store samples collected for chlorine analysis. Analyze samples
immediately after collection. Chlorine is unstable in aqueous solutions. It reacts with various
inorganic compounds and oxidizes organic compounds, which decreases the chlorine content
of the sample. Factors such as sunlight, pH, temperature, and salinity influence
decomposition of free chlorine in water.

Failure to collect a representative sample may result in inaccurate chlorine results.

Some loss of chlorine may occur if samples require dilution. If the chlorine concentration is
over the range for this test, it is recommended that a method suitable for higher ranges is
used.

If free and total chlorine are both being measured, do not use the same beaker for
introducing the sample into both the Free and Total Chlorine AccuVvac® Ampules. The Total

Chlorine AccuVac® Ampules contain iodide, which will interfere with the free chlorine
measurement.

Interferences

6.2

6.3

6.4

6.5

Samples with acidity greater than 150 mg/L CaCOs or alkalinity greater than 300 mg/L
CaCOs3; may not develop the full amount of color, or the color may instantly fade. Neutralize
these samples to a pH of 6-7 with a 1 N sulfuric acid (for alkalinity) or 1 N sodium hydroxide
(for acidity). Determine the amount required on a separate sample; then apply the same
amount to the sample to be tested. Correct the final result for volume additions. Use this
technique for samples with extreme sample pH or highly buffered samples.

Samples known to contain oxidized manganese or oxidized chromium may bias the chlorine
results high. To compensate for interferences from oxidized manganese or oxidized
chromium, a second sample is prepared and analyzed to determine the bias associated with
oxidized manganese and/or oxidized chromium, then those results are subtracted from the
original sample results. Prepare the second sample by adjusting the pH to 6-7 as described
in Section 6.1 using 50 mL of sample. Add 6 drops of potassium iodide (30 g/L) to the 50 mL
sample, mix and wait 1 minute. Then add 6 drops of sodium arsenite (5 g/L) and mix.
Analyze 40 mL of the treated sample.  Subtract the result of this test from the original
sample analysis result to obtain the correct chlorine result.

NOTE: Samples treated with sodium arsenite will be regarded as hazardous wastes for
arsenic as regulated by the Federal Resource Conservation and Recovery Act (RCRA).

Hardness at or above 1000 mg/L CaCOg, organic chloramines and peroxides may interfere.

Bromine, Chlorine Dioxide, lodine and Ozone will interfere at all levels.
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Personnel Qualifications

The techniques of a first time analysts shall be reviewed by an experienced analyst prior to initiating

this SOP alone. During this review, the new analyst will be expected to demonstrate their capability
to perform this analysis.
Equipment and Supplies

8.2 HACH Spectrophotometer equipped with model-specific AccuVac vial adapter and sample
cells

8.2.1 DR/2400 with 10 mL sample cells with (HACH Catalog #24276-06) or

8.2.2 DR/2700 with AccuVac vial adapter (HACH Catalog # LZV584) and 10 mL sample
cells (HACH Catalog # 21228-00)

8.3 50 mL beakers

8.4 100 mL flask

8.5 Graduated cylinders

8.6 Glass sampling containers, 200-500 mL

Reagents

9.2 DPD Free Chlorine Reagent AccuVac® Ampules (HACH Catalog # 25020-25)
9.3 DPD Total Chlorine Reagent AccuVac® Ampules (HACH Catalog # 25030-25)

9.4 Chlorine Standard Solution, 2-mL Pour-Rite® Ampule, 25-30 mg/L (HACH Catalog # 26300-
20)

9.5 Chlorine DPD SpecCheck Secondary Standard Kit, 0-2.0 mg/L (HACH Catalog # 26353-00)
9.6 Potassium lodide Solution, 30 g/L (HACH Catalog # 343-32)

9.7 Sodium Arsenite Solution, 5 g/L (HACH Catalog # 1047-32)

9.8 Sodium Hydroxide Solution, 1N (HACH Catalog # 1045-32)

9.9 Sulfuric Acid Solution, 1N (HACH Catalog # 1270-32)

Note: The Potassium lodide, Sodium Arsenite, Sodium Hydroxide and Sulfuric Acid Solutions
are only used to correct matrix interferences. They are not used for typical analysis.

Procedure
10.2 HACH Instrument Setup and Verification
10.2.1 Unless otherwise specified, all reagents and standards need to be acquired,

prepared and maintained in accordance with T&E SOP 206, Reagents and
Standards.
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10.2.2 Turn the spectrophotometer on, insert AccuVac vial adapter if needed and from the
main menu touch “Hach Programs” and select program “85 Chlor. F&T”.

10.2.3 Analyze the SpecCheck Secondary Standards to verify the instrument performance
using the following procedure:

10.2.3.1 Record the Lot #, Expiration date, and model specific standard
concentration with acceptable measurement ranges on Attachment A,
Datasheet for Free and Total Chlorine Analysis.

10.2.3.2 Remove the blank vial from the standards kit; wipe vial to remove
fingerprints or smudges, place the blank in the sample cell-holder, close
the light shield, and press ZERO. After momentarily displaying Zeroing,
the display will read 0.00 mg/L Cl;

10.2.3.3 Remove the STD 1 vial from the standards kit; wipe vial to remove
fingerprints or smudges, place in the sample cell-holder, close the light
shield, and press READ. After momentarily displaying Reading, the
display will give the free chlorine concentration of the standard, expressed
as mg/L Cl,. Record this value on Attachment A, Datasheet for Free and
Total Chlorine Analysis.

10.2.3.4 Repeat procedure with STD 2 and STD 3.

10.2.4 The SpecCheck Secondary Standard readings for STD 1, STD 2, and STD 3 should
be within the acceptable ranges listed in the standards kit's Certificate of Analysis.

Sample Collection, Handling, and Preservation
10.3.1 Collect samples using 200-500 mL pretreated glass containers (see Section 5.1).

10.3.2 Failure to collect a representative sample may result in inaccurate chlorine results.
Use the following guidelines when collecting samples for chlorine analysis:

10.3.2.1 When sampling from a tap, let the water flow prior to collecting the sample
(5 minutes is recommended).

10.3.2.2 Rinse the sample container several times with the sample before final
collection.

10.3.3 Analyze samples immediately after collection. Do not store, preserve, or agitate
samples.

Free Chlorine Sample Analysis

10.4.1 Prepare a blank by filling a sample cell with 10 mL of sample. Cap and wipe the
sample cell after filling.

10.4.2 Place the blank in the cell holder, close the light shield, and press ZERO. After
momentarily displaying Zeroing, the display will read 0.00 mg/L Cl, AV.

10.4.3 Place 40 mL of sample into a 50 mL beaker.
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Fill a DPD Free Chlorine Reagent AccuVac® Ampule with sample by immersing the
ampule tip into the 50 mL beaker filled with sample, snap the neck of the ampule,
and allow the ampule to fill completely.

Remove the ampule from the 50mL beaker and quickly invert the ampule several
times to mix. Wipe off any liquid or fingerprints from the sample vial.

NOTE: Do not put your finger over the broken end of the vial while inverting the
ampule. The sample will stay in the ampule when inverted. Avoid sharp edges of the
broken ampule.

Within one minute of sample addition into the ampule, place the AccuVac® Ampule
into the cell holder, close the light shield, and press READ. After momentarily
displaying Reading, the display will give the free chlorine concentration of the sample
expressed as mg/L.

If the sample temporarily turns yellow after sample addition, or shows over range as
the concentration, the sample requires dilution. See Section 5.4.

Record results on Attachment A, Datasheet for Free and Total Chlorine Analysis.

10.5 Total Chlorine Sample Analysis

10.5.1

10.5.2

10.5.3

10.5.4

10.5.5

10.5.6

10.5.7

10.5.8

Prepare a blank by filling a sample cell with 10 mL of sample. Cap and wipe the
sample cell after filling.

Place the blank in the cell holder, close the light shield, and press ZERO. After
momentarily displaying Zeroing, the display will read 0.00 mg/L Cl; AV.

Place 40 mL of sample into a 50 mL beaker.

Fill a DPD Total Chlorine Reagent AccuVac® Ampule with sample by immersing the
ampule tip into the 50 mL beaker filled with sample, snap the neck of the ampule,
and allow the ampule to fill completely.

Remove the ampule from the 50mL beaker and quickly invert the ampule several
times to mix. Wipe off any liquid or fingerprints from the sample vial.

NOTE: Do not put your finger over the broken end of the vial while inverting the
ampule. The sample will stay in the ampule when inverted. Avoid sharp edges of the
broken ampule.

Allow for a three minute reaction time, then place the AccuVac® Ampule into the cell
holder, close the light shield, and press READ. After momentarily displaying
Reading, the display will give the free chlorine concentration of the sample
expressed as mg/L.

If the sample temporarily turns yellow after sample addition, or shows over range as
the concentration, the sample requires dilution. See Section 5.4.

Record results on Attachment A, Datasheet for Free and Total Chlorine Analysis.
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10.6 Analysis of the Check Standard (Standard Additions / Sample Spike Method)

10.6.1 The Check Standard determines method accuracy as well as any potential sample
matrix interferences. Analyze the check standard at the beginning of the analysis
batch.

10.6.2 Prepare and analyze the check standard as follows:

10.6.2.1 The Check Standard is prepared using an aliquot of the sample. Verify
sufficient volume is available to prepare a sample and duplicate. The
duplicate sample will be used to prepare the check standard.

10.6.2.2 Analyze the sample and record the results using the sample analysis
procedure described in Section 10.3.

10.6.2.3 Using a graduated cylinder, measure 50 mL of the duplicate sample into a
100 mL flask.

10.6.2.4 Snap the top off a Chlorine Pour-Rite® Ampule Standard (25-30 mg/L Cly).
Using a pipetter, remove 0.4 mL of the standard solution from the ampule
and dispense into the 100 mL flask. Swirl to mix. This solution is the
Check Standard.

10.6.2.5 Analyze the check standard and record the results using the sample
analysis procedure described in Section 10.3 for Free Chlorine or 10.4 for
Total Chlorine. The sample and check standard must be measured using
the same procedure.

10.6.2.6 Calculate the equivalent concentration of mg/L chlorine added to the
sample:

(Std.Volume) mL x (Std. Certified Value)mg /L Cl.

mg/L Chlorine =
(Sample Volume + Standard Volume) mL

10.6.3 The spiked sample result minus the calculated concentration of spike added (from
10.4.2.6) should agree within £10% of the analyzed (unspiked) sample result (from
10.4.2.2). Record results on Attachment A, Datasheet for Free and Total Chlorine
Analysis.

11.1 Troubleshooting

11.2 Instrument Verification Secondary Standards fall outside of acceptance criteria (as stated on
Certificate of Analysis provided with the secondary standard kit)

11.2.1 Check SpecCheck Secondary Standard kit expiration date; replace expired
standards.

11.2.2 Check HACH method number (85 for LR Cly). If the method number is incorrect, exit
to main menu and select the correct method number.





SOP 504, Free and Total Chlorine Analysis (0.02 to 2.00 mg/L)
Revision Number: 1

Date: 07/06/2011

Page 11 of 13

11.3 Check standard falls outside of acceptance criteria of £10%.

11.3.1 If the spiked sample recovery is not within this range, prepare a spiked deionized
water blank and analyze.

11.3.1.1 If recoveries of the spiked deionized water blank fall outside of the +10%
acceptance criteria, the problem may be the instrument. Recheck with
SpecCheck Secondary Standards.

11.3.1.2 If the recoveries of the spiked deionized water blank fall within the +10%
acceptance criteria, the problem may be in the matrix. Evaluate matrix
interferences (see Section 6.0). Correct for interferences and rerun sample.

11.4 For other instrument-related failures, consult the instrument manual.
12.1 Data and Records Management

12.2 All original analytical documentation generated and prepared for the EPA shall be controlled
in accordance with T&E SOP 101, Central Files.

12.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and
Verification.

13.1 Quality Control and Quality Assurance

13.2 Instrument Verification (Secondary Standard kit) — The full set of secondary standards in the
standards set will be run at the beginning of the analysis and at the end of the analysis. The
acceptance criteria for the SpecCheck Secondary Standards are listed on the Certificate of
Analysis provided with the secondary standard kit. If an invalid value is obtained, the
samples in the batch will require reanalysis.

13.3 Check standard (Standard Additions / Sample Spike Method) — If required by the QAPP, at
least one check standard will be run at the beginning of the analysis to represent each
sample matrix. If the sample batch has samples with varying matrices, analyzing a check
standard to test each different sample matrix is recommended. The acceptance criteria for
check standards must be within £10% prior to continuing the analysis. If an invalid check
standard value is obtained, correct any matrix interferences and reanalyze the sample and
spiked samples. If the interferences cannot be corrected or adjusted, then this method cannot
be used for this sample matrix.

13.4 Duplicate samples — If required by the QAPP, duplicates will be run at least once per batch.
Duplicate samples will be considered valid if the calculated relative percent difference (RDP)
is less than 15%. If possible, repeat invalid duplicate analysis on the same sample. If sample
volume does not allow this, choose another sample and note on data sheet.
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ATTACHMENT A — DATASHEET FOR FREE AND TOTAL CHLORINE ANALYSIS

Analysis Date:

Instrument Verification: Secondary Standard Kit Lot #:

Work Assignment:

Exp:

Certified Value

Accepted Range Initial Result End Result

Standard #1

Standard #2

Standard #3

Sample Results | Sample Results Sample Results | Sample Results
Sample 1D Free Cl, (mg/L) | Total Cl, (mg/L) Sample ID Free Cl, (mg/L) Total Cl, (mg/L)
Check Standard / Sample Spike Required? [ ] No [ ] Yes
Check Standard / Sample Spike Data Free Cl; Total Cl;
(A) Calculated concentration of chlorine added to the sample: mg/L mg/L
(B) Sample Result: mg/L mg/L
(C) Spiked Sample Result mg/L mg/L
(D) Value (C) — Value (B) mg/L mg/L
Is Value (A) within £10% of Value (D)? |:| Yes |:| No
Duplicate Analysis Required? [ ]No [ ] Yes
Are Sample/Duplicate RPDs less than 15%? [ ] Yes [ ]No
Comments:
Analyst: Date:
Reviewed By: Date:
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1. Scope and Application

1.1.

1.2.

1.3.

1.4.

This procedure covers a method for analysis of selected polyfluorinated compounds
(PFCs) in a water matrix by filtration followed with liquid chromatography/tandem
mass spectrometry analysis. The samples are prepared in 50% methanol (sludge
samples are adjusted to pH of approximately 9-10 with ammonium hydroxide),
filtered, and then acidified with acetic acid (pH ~ 3-4) and analyzed by liquid
chromatography/tandem mass spectrometry.

This is the Chicago Regional Laboratory (CRL) method for the analysis of PFCs in
water, wastewater, sludge, influent, and effluent samples by LC/MS/MS. A standard
multi-lab validated method using this methodology does not exist.

The analyte list, method detection limits (MDLSs), reporting limits (RLs), and
calibration ranges for these compounds are listed in Table 1 (Appendix). This
standard operating procedure (SOP) has been tested on ASTM type | water. The
precision and accuracy (P&A) quality control acceptance criteria are listed in Table 2
(Appendix). Results are not reported below the reporting limits following this SOP.
Tables 10-17 in the Appendix show the performance data for the target analytes and
surrogates in various matrices.

The RL for a specific water sample may differ from that listed depending on the
nature of the interferences in the sample matrix. The estimate of minimum laboratory
contribution to measure uncertainty of this method for each compound is calculated
by LCS mean +3 SD. These values are derived from CRL historical data from
Laboratory Control Samples. The uncertainty will be greater near the reporting limit
and much greater near the detection limit. Refer to the Appendix, Table 2 for
measured uncertainty. The default control limits, listed in Table 2 of the Appendix,
for the analytes and surrogates are preliminary until a full multi-lab study is
completed.

2. Summary of Method

2.1.

A water sample (5 mL) is spiked with surrogates (all samples) and target PFC
compounds (laboratory control and matrix spike samples) and hand-shaken for two
minutes after adding 5 mL of methanol. The samples are then filtered through an
Acrodisc GxF/0.2pum GHP membrane syringe driven filter unit. Acetic acid (10 pL)
is added to all the samples to adjust to pH ~ 3-4 and the sample is analyzed by
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LC/MS/MS. For sludge samples, the pH is adjusted to ~ 9-10 (adding ~ 20 ul of
ammonium hydroxide) before extraction and ~ 50 uL of acetic acid is needed for
acidification after filtration.

2.2. The target compounds are identified by comparing the single reaction monitoring
(SRM) transitions in the sample to the SRM transitions in the standards (Appendix
Table 6). Certain PFC analytes only have a primary SRM transition that is used for
identification and quantitation. The retention time (RT) for the analytes of interest
must also agree with the RT of the mid-level standard by £5%. The target
compounds are quantitated using the SRM transitions of the target compounds
utilizing external calibration. As an additional quality control measure, isotopically-
labeled PFC surrogate (listed in Section 7.2.4-5) recoveries are monitored; the
percent recovery of each should fall within the control limits of the method.
Compounds from this SOP are reported to the RL, typically in ng/L.

3. Abbreviations and Definitions
3.1. Abbreviations

ADOC  Analyst Demonstration of Capability
ASTM  American Society for Testing and Materials
CAS Chemical Abstract Service

CCC Continuing Calibration Check

CD Compact Disc

CRL Chicago Regional Laboratory

EPA U.S. Environmental Protection Agency
HDPE  High Density Polyethylene

IC Initial Calibration
IDOC Initial Demonstration of Capability
LC Liquid Chromatography

LCS Laboratory Control Sample
LCSD  Laboratory Control Sample Duplicate
LIMS Laboratory Information Management System

LV Level

MDL Method Detection Limit

MI Matrix Interference

MRM  Multiple Reaction Monitoring
MS Mass Spectrometry

MS/MSD Matrix Spike/Matrix Spike Duplicate
MSP Method Specific Parameter
NA Not applicable
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NIST National Institute of Standards and Technology
NPDES National Pollution Discharge Elimination System
OSRTI  Office of Superfund Remediation and Technology Innovation
PFAC  Polyfluoroalkyl Carboxylic Acid

PFAS  Polyfluoralkyl Sulfonates

PFC Polyfluorinated Compound

PPT Parts per Trillion

PPE Personal Protective Equipment

PPM Parts per Million

P&A Precision and Accuracy

QA Quality Assurance

QC Quality Control

REC Percent Recovery

RL Reporting Limit

RSD Relative Standard Deviation
RT Retention Time

RTS Retention Time Shift

SD Standard Deviation

SDS Safety Data Sheet

SOP Standard Operating Procedure

SRM Single Reaction Monitoring

SS Surrogate Standard

TC Target Compound

TCL Target Compound List

UPLC  Ultra Performance Liquid Chromatography

3.2. Definitions

Method Detection Limit (MDL): The minimum concentration of analyte that can be
identified, measured, and reported with 99% confidence that the analyte
concentration is greater than zero.

Reporting Limit (RL): This is the lowest concentration reported by CRL except in
the case of a special request.

Batch QC: All the quality control samples and standards included in an analytical
procedure. A batch typically consists of 20 field samples.

Sludge: Sludge in this method is defined as a sewage sample containing
approximately > 2% solids in a sample by weight.
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ASTM Type | Water: Shall conform to ASTM Standard D1193 specifications.

Reagent Water: Reagent water is defined as water with no interferants at or near the
RL for all reagent compounds. The in-house Milli-Q water has been found
acceptable for use. It is tested for each batch of samples by using it as a Method
Blank.

SRM Transition: Single Reaction Monitoring transition.

4. Health, Safety and Waste Handling

4.1.

4.2.

4.3.

Users of this method should operate a formal safety program. Perform this procedure
in accordance with the CRL Chemical Hygiene Plan located in CRL’s (G) share
drive.

Health hazards

WARNING: The toxicity and carcinogenicity of each reagent used in this method
has not been precisely defined; however, each chemical compound is treated as a
health hazard. Exposure to these chemicals should be reduced to the lowest possible
level and the appropriate PPE should be utilized. Review Safety Data Sheets for
specific physical and health and hazards including appropriate PPE to be used. SDSs
may be accessed at multiple places (e.g. www.sigmaaldrich.com, www.well-
labs.com, and www.isotope.com).

Waste handling and pollution prevention

4.3.1. A tag identifying the contents of a carboy as organics-containing liquid waste

(green-colored label) is placed on the waste container. All waste containers
should be labelled and dated before using the container.

4.3.2. Report all major spills according to the Chemical Hygiene Officer.

4.3.3. All used vials containing unused sample or standard shall be placed in a

separate labeled carboy (green-colored label) for vial disposal.

5. Cautions and Interferences




http://www.sigmaaldrich.com/

http://www.well-labs.com/

http://www.well-labs.com/

http://www.isotope.com/
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5.1. Interferences

5.1.1. Method interferences may be caused by contaminants in solvents, reagents,
glassware, LC vials/caps, disposable pipettes, and other apparatus that lead to
discrete artifacts or elevated baseline in the selected ion current profiles.

5.1.2. Matrix interferences may be caused by contaminants from the sample, sampling
devices, or storage containers. The extent of matrix interferences will vary
considerably from sample source to sample source, depending upon variations
of the sample matrix.

5.2. Cautions

5.2.1. All reagents and solvents should be of pesticide-residue purity or higher to
minimize interference problems, preferably LC/MS grade.

5.2.2. Contaminants have been found in reagents, glassware, tubing,
polytetrafluoroethylene (PTFE) LC vial caps, glass disposable pipettes, filters,
degassers, and other apparatus that release polyfluorinated compounds. All of
these materials are routinely demonstrated to be free from interferences by
analyzing laboratory reagent and method blanks under the same conditions as
the samples. All the supplies should be checked to determine the release of
target analytes of interest. If found, measures should be taken to remove the
contamination or data should be qualified.

5.2.3. The Liquid Chromatography system used should have components replaced,
when possible, with materials known to not contain fluorinated target analytes
of interest.

5.2.4. Polyethylene LC autosampler vial caps or target analyte-free vial caps should
be used.

5.2.5. Polyethylene disposable pipettes or target analyte-free pipettes should be used.
All disposable pipettes should be checked for release of target analytes of
interest.
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5.2.6. Degassers are important to continuous LC operation and are most commonly
made of fluorinated polymers. To enable use, an isolator column should be
placed after the degasser and before the sample injection valve.

5.2.7. The procedure described in the glassware cleaning section (6.4) should be
followed to make glassware free from interferences.

6. Equipment and Supplies

The vendors’ equipment and/or part numbers are listed for the supplies and reagents
below. Any equivalent equipment or supplies from any vendor may be used. Mention of
brand names or part numbers is for informational purposes only; no endorsement is
implied. Refer to CRL SOP GENO026 for instructions and analyst responsibilities when
purchasing equipment and supplies.

6.1. Equipment

6.1.1. Liquid Chromatograph (LC) System - A Waters Acquity H-Class UPLC® with
flow-through needle design.

6.1.2. Analytical Column - An analytical column (Waters Acquity UPLC® CSH™
Phenyl-Hexyl, 2.1x100 mm and 1.7 um particle size, Waters part # 186005407)
suitable for the analysis of target polyfluorinated compounds.

6.1.3. Isolator Column - XBridge BEH C18, 2.1x50 mm, 3.5 um particle size, Waters
part number # 186003021.

6.1.4. Mass Spectrometer (MS) System — A Waters Xevo TQ-S triple quadrupole
mass spectrometer. A mass spectrometer capable of MRM analysis with fast
enough cycle time to obtain at least 10 scans over a peak is needed with
adequate sensitivity.

6.1.5. Data Backup Device - A data archival unit to archive data. All the lab-generated
data are stored on the primary lab server. In addition, the laboratory has
capabilities to store and retrieve data using other devices such as the networked
secure server, external drives, and CD or DVD writers.
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6.1.6. Data System - MassLynx™ must be interfaced to the LC/MS/MS that allows
the continuous acquisition and storage on machine-readable media of all mass
spectra obtained throughout the duration of the chromatographic program.
QuanLynx™ or TargetLynx™ is used for all data quantitation.

6.2. Re-certified support equipment

NOTE: See CRL SOP GENO26 for [the] re-certification [of support equipment]
frequency and the balance calibration verification procedure.

6.2.1. Adjustable volume pipettes — various sizes.
6.2.2. Analytical balance accurate to +0.1% of sample mass.

6.3. Glassware and miscellaneous supplies

6.3.1. Vials - 2-mL amber autosampler vials or equivalent (Source — Waters, Part #
186000847C)

6.3.2. Polyethylene autosampler vial caps or equivalent (Source — Waters, Part #
186004169)

6.3.3. Syringe — 10-25 mL filter-adaptable glass syringe with luer lock

6.3.4.50 mL polypropylene tubes (Source - BD Falcon, Catalog # 352098)

6.3.5. 15 mL polypropylene tubes (Source - BD Falcon, Catalog # 352097)

6.3.6. Gases - ultrapure argon and nitrogen

6.3.7. Class A volumetric glassware

6.3.8. Pipette tips — Polypropylene pipette tips free of release agents or low retention
coating of various sizes (Source - Eppendorf, Catalogue # 022491997,
022492080, 022491954, 022491946, and 022491512)

6.3.9. Acrodisc GxF/0.2um GHP membrane syringe-driven filter unit (Source - PALL
Life Sciences, Part # AP-4307T). The Acrodisc filters are washed with at least
10 mL acetonitrile followed by 20 mL methanol prior to use.

6.3.10.  Polyethylene disposable pipettes (SEDI-PET™ PIPET, Source — Samco
Scientific, Part # 252)

6.4. Glassware cleaning instructions
All glassware is cleaned according to CRL SOP GENO0O08. All glassware is

subsequently rinsed with an organic solvent such as acetone, methanol, and/or
acetonitrile prior to use.
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7. Reagents and Standards

Items shown are for informational purpose only; equivalent reagents and standards may
be used. All reagents and solvents should be of pesticide residue purity or higher to
minimize interference problems, preferably LC/MS grade or equivalent. Refer to CRL
SOP GENO026 for instructions and analyst responsibilities when purchasing reagents and

standards.

NOTE: Standard mixes are available from Wellington Labs and contain each analyte at a
given concentration, either at 1 or 2 ug/mL. The target spike mix concentrations can be
changed to account for the rigidity in standard sources when using mixes. The
concentration of PFBA and PFPeA may be at the same concentration as the other
analytes in all solutions. If the sensitivity for these analytes at the lower concentrations is
poor, the reporting limit will need to be adjusted. Also, other isotopically labeled
compounds may be used as surrogates and their transitions are shown in Table 18.

7.1. Solvents and reagents

7.1.1. Acetonitrile (CAS # 75-05-8, Source: Fisher Scientific, Catalog # A955-4)
7.1.2. Water, HPLC mass spectrometry pesticide quality, In-house ASTM Type |
water of specification D1193
7.1.3. Methanol (CAS# 67-56-1, Source: Fisher Scientific, Catalog # A456-4)
7.1.4. Isopropyl alcohol (CAS # 67-63-0, Source: OmniSolv, Catalog # PX1834-1)
7.1.5. Ammonium hydroxide (CAS# 1336-21-6, Catalog # 221228-1L-A, Source:
Sigma Aldrich)
7.1.6. Ammonium acetate (CAS# 631-61-8, Catalog # 372331-100g, Source: Sigma-
Aldrich)
7.1.7. Acetic acid (CAS # 64-19-7, Source: Fisher Scientific, Catalog # A38-500)

7.2. Standards

7.2.1.Polyfluoroalkyl sulfonates (PFAS)
7.2.1.1.  Perfluorobutyl sulfonate (PFBS, C4FeSO3", CAS# 29420-49-3,

Source: Sigma Aldrich, Part # 294209-10G)

7.2.1.2.  Perfluorohexyl sulfonate (PFHXS, CeF13SO3", CAS# 3871-99-6,

Source: Sigma Aldrich, Part # 50929-10G-F)
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7.2.1.3.  Perfluorooctyl sulfonate (PFOS, CgF17SO3", CAS # 1763-23-1,
Source: Sigma Aldrich, Part # 77282-10G)

7.2.1.4. 1H, 1H, 2H, 2H-perfluorohexane sulfonate (4:2 FTS, CeHaF9SO3",
CAS # 757124-72-4, Source: Wellington Labs, Part # 4:2 FTS as
the sodium salt)

7.2.1.5. 1H, 1H, 2H, 2H-perfluorooctane sulfonate (6:2 FTS, CsH4F13SO3’,
CAS # 27619-97-2, Source: Wellington Labs, Part # 6:2 FTS as
the sodium salt)

7.2.1.6. 1H, 1H, 2H, 2H-perfluordecane sulfonate (8:2 FTS, C1oH4F17SO3’,
CAS # 39108-34-4, Source: Wellington Labs, Part # 8:2 FTS as
the sodium salt)

7.2.1.7.  Perfluoro-1-pentanesulfonate (L-PFPeS, CsF11SO3", CAS # 2706-
91-4, Source: Wellington Labs, Part # L-PFPeS as the sodium salt)

7.2.1.8.  Perfluoro-1-heptanesulfonate (L-PFHpS, C7F15SO37, CAS # 375-
92-8, Source: Wellington Labs, Part # L-PFHpS as the sodium salt)

7.2.1.9.  Perfluoro-1-nonanesulfonate (L-PFNS, CoF19SO3", CAS # 68259-
12-1, Source: Wellington Labs, Part # L-PFNS as the sodium salt)

7.2.1.10. Perfluoro-1-decanesulfonate (L-PFDS, C10F21SO3", CAS # 2806-
15-7, Source: Wellington Labs, Part # L-PFDS as the sodium salt)

7.2.2.Polyfluoroalkyl carboxylic acids (PFAC)

7.2.2.1.  Perfluorobutanoate (PFBA, C4F702-, CAS # 375-22-4, Source:
Fluka, Part # 52411-5ML-F)

7.2.2.2.  Perfluoropentanoate (PFPeA, CsF9O2", CAS# 2706-90-3, Source:
Sigma Aldrich, Part # 396575-5ML)

7.2.2.3.  Perfluorohexanoate (PFHXA, CsF1102", CAS#307-24-4, Source:
Sigma Aldrich, Part # 29226-5ML)

7.2.2.4.  Perfluoroheptanoate (PFHpA, C7F1302,, CAS# 375-85-9, Source:
Sigma Aldrich, Part # 342041-5G)

7.2.25.  Perfluorooctanoate (PFOA CgF15027, CAS # 335-67-1, Source:
Sigma Aldrich, Part # 171668-5G)

7.2.2.6.  Perfluorononanoate (PFNA, CoF1702", CAS# 375-95-1, Source:
Sigma Aldrich, Part # 394459-5G)

7.2.2.7.  Perfluorodecanoate (PFDA, C10F1902", CAS# 335-76-2, Source:
Sigma Aldrich, Part # 177741-5G)

7.2.2.8.  Perfluoroundecanoate (PFUNA, C11F21027, CAS# 2058-94-8,
Source: Sigma Aldrich, Part # 446777-5G)
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7.2.2.9.  Perfluorododecanoate (PFDoA, C12F230,7, CAS# 307-55-1,
Source: Sigma Aldrich, Part # 406449-1G)

7.2.2.10. Perfluorotridecanoate (PFTriA, C13F25027, CAS# 72629-94-8,
Source: Sigma Aldrich, Part # 654973-1G)

7.2.2.11. Perfluorotetradecanoate (PFTreA, C14F27;027, CAS# 376-06-7,
Source: Sigma Aldrich, Part # 446785-5G)

7.2.3.Polyfluorinated sulfonamides and sulfonamidoacetic acids

7.2.3.1.  N-ethylperfluoro-1-octanesulfonamidoacetic acid (N-EtFOSAA,
C12HsF17NO4S, CAS # 2991-50-6, Source: Wellington Labs, Part #
N-EtFOSAA)

7.2.3.2.  N-methylperfluoro-1-octanesulfonamidoacetic acid (N-
MeFOSAA, C11HsF17NO4S, CAS # 2355-31-9, Source: Wellington
Labs, Part # N-MeFOSAA)

7.2.3.3.  Perfluoro-1-octanesulfonamide (FOSA, CgH2F17NO>S, CAS #
754-91-6, Source: Wellington Labs, Part # FOSA-1)

7.2.4. PFC surrogates mix (Product code - MPFAC-MXA, Source: Wellington Labs)
7.24.1.  80,-Perfluorohexyl sulfonate (MPFHXS)
7.2.4.2.  BCy-Perfluorooctyl sulfonate (MPFOS)
7.2.4.3. BCs-Perfluorobutanoat (MPFBA)
7.2.4.4. BCy-Perfluorohexanoate (MPFHXA)
7.245.  13C4-Perfluorooctanoate (MPFOA)
7.24.6. 3Cs-Perfluorononanoate (MPFNA)
7.2.4.7. BCp-Perfluorodecanoate (MPFDA)
7.2.4.8. 13Cp-Perfluoroundecanoate (MPFUNA)
7.2.49. 1C,-Perfluorododecanoate (MPFDOA)

7.2.5. Additional individual isotopically-labeled target analytes also included with
surrogate spike mix

7.25.1.  1H, 1H, 2H, 2H-perfluoro-(1,2-13C,)hexane sulfonate (M4:2 FTS,
Source: Wellington Labs, Part # M2-4:2FTS, sold as sodium salt)

7.2.5.2.  1H, 1H, 2H, 2H-perfluoro-1(1,2-3C,)octane sulfonate (M6:2 FTS,
Source: Wellington Labs, Part # M2-6:2FTS, sold as sodium salt)

7.2.5.3.  1H, 1H, 2H, 2H-perfluoro-1(1,2-13C,)decane sulfonate (M8:2 FTS,
Source: Wellington Labs, Part # M2-8:2FTS, sold as sodium salt)

7.25.4.  N-methyl-d3-perfluoro-1-octanesulfonamidoacetic acid (MN-
MeFOSAA, Source: Wellington Labs, Part # d3-N-MeFOSAA)
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7.25.5.  N-ethyl-d5-perfluoro-1-octanesulfonamidoacetic acid (MN-
EtFOSAA, Source: Wellington Labs, Part # d5-N-EtFOSAA)

7.2.6. Second source standard
7.2.6.1.  Solution/Mixture of Native Perfluoroalkylcarboxylic Acids and

Native Perfluoroalkylsulfonates, Wellington Labs Product Code:
PFAC-MXB (this mix contains the following analytes: PFBA,
PFPeA, PFHXA, PFHpA, PFOA, PENA, PFUNA, PFDOA, PFTTIA,
PFTreA, PFBS, PFHXS, PFOS, PFDA, and PFDS). The second
source may be different than the one shown here, this is an
evolving area and standards may change.

7.3. Reagent and standard preparation

All standard preparations are recorded in LIMS. If the details of the preparation are
omitted from LIMS, a reference to the logbook containing the preparation details is
included in LIMS. All standard stock vials and prepared solutions are labeled with
the LIMS ID, name, concentration, dates of preparation and expiration, and initials
of the creator. All LC or small vials (where surface area is an issue) shall include, at
minimum, a LIMS ID which can be referenced back to LIMS or the logbook.

CAUTION: All standards must be kept away from PFC-containing packaging and
materials used in preparation and storage. In order to prevent standard solutions from
degrading, all standard solutions are stored at < 6° C in the refrigerator.

When standard compound purity is assayed to be 98% or greater, the weight may be
used without correction to calculate the concentration of the stock standard. All
weights and concentrations less than 98% purity listed in this SOP are corrected to at
least 98% purity. Example: A weight of 0.511 g of compound X that is assayed to be
96% pure is recorded as 0.491 g of compound X after correction. If the standard is
purchased and listed having a purity of 95+ % or similar designation, the purity is
not accurately known and the product may be 95-100% pure. In this case, the
product purity is noted in the LIMS database and/or logbook and may be used
uncorrected. Expiration time is one year from the time prepared. The spiking
standards and surrogates can be used for more than one year if they fall within +/-
20% of the expected concentration from the calibration standard that is less than
lyear old.
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Traceability of PFC standards is established using the manufacturer’s specifications
provided at the time of purchase. The Certificates of Analysis may be obtained from
the vendor or online at the vendor’s website knowing the catalog and lot number of
the standard used as recorded in the logbook or LIMS and are stored in the
laboratory in a binder.

Procedures for the preparation of QC batch samples and standards are found in
Sections 9.1-9.2.

The instructions for the preparation of stock standards, spiking solutions, and QC
batch samples are listed below. The target analyte spiking solutions in Appendix
Table 3 are prepared from intermediate solutions which are prepared from neat
standards. Aliquots of the intermediate solutions are combined and diluted using
95:5 acetonitrile and water to prepare the spike standard concentrations in Appendix
Table 3. All concentrated stock solutions are prepared with acetonitrile and water
(95:5) unless otherwise stated.

The calibration levels (prepared from the highest level calibration stock), second
source calibration check, reagent blank, CCC, and all batch QC are made for each
batch of field samples. They are usually prepared and analyzed immediately. The
entire analysis with dilutions should be done within 14 days of sample preparation, if
exceeded it shall be noted in the narrative accompanying the data. Should field
and/or batch QC samples require re-analysis, calibration standard levels, a second
source calibration check, a CCC, and a reagent blank shall be freshly prepared.

CAUTION: Use adjustable volume pipettes with polypropylene tips and
polypropylene Falcon tubes to prepare the following standard solutions.

7.3.1. Surrogate spiking solution

A surrogate spiking solution containing fourteen isotopically-labeled PFCs
(listed in Sections 7.2.4 and 7.2.5) is added to all samples. This surrogate
spiking solution is added to achieve a concentration of 160 ng/L in a 5 mL water
sample (i.e. 40 uL of'a 20 pg/L solution prepared in a 95:5 ratio of acetonitrile
and water is added to a 5 mL sample). Example dilution: The PFC surrogate
mix solutions were purchased from Wellington and aliquots of those solutions
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were added to a 50 mL polypropylene tube and diluted to a 50 mL final volume
with 95:5 acetonitrile and water, producing a 20 ug/L spiking solution.

NOTE: Wellington mix MPFAC-24ES contains 19 isotopically-labeled PFC
analytes. The five additional analytes that are not listed in this SOP are
isotopically-labeled PFBS, PFPeA, PFHpA, PFTreA and FOSA. If this mix is
used, the SRM transitions are shown in Table 18. The default recovery criteria
shall mimic the native criteria of 70-130%.

7.3.2. MS/MSD and LCS/LCSD spiking solution

Each MS/MSD or LCS/LCSD sample is spiked with target PFCs (listed in
Sections 7.2.1-7.2.3) to achieve a concentration of 800 ng/L for PFBA and
PFPeA and 160 ng/L for the remaining 22 PFCs in a 5 mL water sample. This
can be done by adding 40 uL of PFC Target Spike Solution I and 40 uL of PFC
Target Spike Solution 11 to each 5 mL QC sample (Refer to Appendix Table 3
for the composition and concentration of each target analyte in the spiking
solutions; each spike solution is prepared in 95:5 acetonitrile and water). The
target analyte spiking solutions are prepared from intermediate solutions which
are prepared from neat standards. Aliguots of the intermediate solutions are
combined and diluted using 95:5 acetonitrile and water to prepare the spike
standard concentrations in Appendix Table 3.

7.3.3. Reporting limit check spiking solution

The reporting limit check sample is prepared by spiking a 5 mL water sample
with target analytes at the reporting limit. Add 25 pL of a PFC reporting limit
check spiking solution to the reporting limit check sample to achieve 50 ng/L of
PFBA and PFPeA and 10 ng/L for the remaining 22 PFCs (listed in Sections
7.2.1-7.2.3) in a 5 mL water sample. Refer to Table 3 (Appendix) for the
concentrations of each target analyte in the reporting limit spike solution. The
reporting limit check spiking solution is prepared in 95:5 acetonitrile and water
from intermediate standard solutions or target spike solutions.

7.3.4. Calibration standards

A calibration stock standard solution is prepared from the target and surrogate
spike solutions directly to ensure consistency. 500 pL of the surrogate spike and
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500 pL of each PFC Target Spike Solution (I and 11; Refer to Appendix Table 3
for the composition and concentration of each target analyte in the spiking
solutions) is added to a 50 mL polypropylene tube and diluted to 50 mL with a
50:50 methanol and water solution containing 0.1 % acetic acid. This stock
standard Solution A (Level 9, Appendix Table 4) containing 200 ng/L of all
PFCs (except 1000 ng/L for PFBA and PFPeA) is diluted to prepare Levels 1
through 8 as shown in Tables 4 and 5 (Appendix). All calibration standards
should contain 50:50 methanol and water with 0.1% acetic acid.

CAUTION: The continuing calibration check analyzed at the end of the
sequence must be prepared in a separate LC vial near the mid-point of the
calibration. All prepared calibration level standards should only be injected once
since some of the analytes or solvent may evaporate after the vial cap is pierced,
the polyethylene caps are not self-sealing.

7.3.5. Second source calibration check solution

A second source calibration check solution should be prepared and analyzed at
a concentration inside the calibration curve and at the same composition of the
calibration solvent.

NOTE: The second source standard may contain PFOS and PFHXS as linear
compounds as opposed to branched. PFOS and PFHXS are calibrated as
branched compounds as that’s how they are likely to appear in nature.

NOTE: The availability of commercial PFC standards is quite limited.
Currently, only one vendor has been identified by the CRL that provide all the
PFC standards necessary to perform this SOP. Other vendors have some of the
PFCs of interest, but not all.

8. Sample Handling and Preservation

NOTE: Should any discrepancies, deficiencies, or integrity issues be observed with the
collected samples or the way in which they were collected that conflicts with either this
SOP or CRL SOP GENO013, follow the control of nonconforming work procedure
outlined in the CRL QMP.

8.1. Sample collection criteria
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5.0 mL grab samples are collected in 15 mL polypropylene containers. Extra
samples must be collected in order to analyze duplicate and matrix spike samples for
QA/QC purposes.

CAUTION: PTFE containers and contact surfaces with PTFE must be avoided.
Field blanks are needed to follow conventional sampling practices. Surface binding
of target compounds to collection devices may bias data and must be minimized.
Each QC sample must be collected in its own container, including matrix spike,
matrix spike duplicate, and duplicate samples.

Since surface binding of target compounds may bias data, it is best to collect a 5.0
mL sample in a graduated 15 mL polypropylene BD Falcon tube in the field so that
the whole sample is processed in the lab.

CAUTION: Taking a sub-sample is not recommended in this SOP, whether in the
field during sample collection, or in the lab at the bench.

In order to have accurate volumes, the weight of the 15 mL polypropylene BD
Falcon tube should be taken before and after sampling in order to calculate an exact
volume. The density of water is assumed to be 1.0 g/mL unless otherwise instructed
by the client/sampler. The laboratory analysts will likely weigh the tubes
before/after field sampling. If the clients/samplers pre-weigh their own sampling
containers they shall provide those weights to CRL. The use of sample tags or
removable labels should be used in order to weigh the vial without the additional
weight of the label or its fragments.

If a larger sample is collected in the field, a 5.0 mL aliquot of that sample will be
processed, not taking into account any PFCs that may adhere to the surface of the
original container. This practice is not recommended. This section is in this SOP in
the event that field samples are taken in large containers or for another project where
the customer may be interested to “screen” for PFCs. This shall be stated in the case
narrative accompanying the data and the data shall be qualified as estimated (‘J”) as
this will affect the quantitative accuracy of many of the PFCs, potentially producing
very low-biased results.
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8.2.

Conventional laboratory practices involving chain of custody, field sampling, lab
custody beginning with receipt and transfer custody, and sampling protocols should
be followed.

Sample preservation and storage

All samples are iced or refrigerated at < 6°C from the time of collection until sample
analysis. At the laboratory, prepared samples (diluted and filtered) are stored in the
refrigerator at < 6°C at all times while not being analyzed. Holding times have not
yet been established for these analytes in various matrices. A preliminary holding
time of 28 days is used as a guide until an extensive holding time study is completed.
There were no significant losses of PFCs up to 31 days for a POTW influent holding
time study done in EPA Region 5 CRL. Samples should be analyzed within 14 days
of preparation. Samples are all labeled with a unique LIMS identifier which is
tracked through the entire analysis process.

Exceeding either the temperature limit or the sampling to preparation holding time
limit will result in the affected data being qualified as estimated (‘J’).

9. Sample Preparation and Analysis

The manuals for the LC/MS/MS instrument are included with the MassLynx™ software
on the individual workstations.

CAUTION: PFC contamination at low levels is common in laboratory reagents, supplies,
and equipment. A reagent blank (50:50 methanol and water solution containing 0.1 %
acetic acid) should be prepared and analyzed prior to the preparation and analysis of
samples to ensure an undetectable or negligible PFC presence that will not affect
quantitation at the reporting limit.

9.1.

Sample preparation — Step |

Each batch of samples (20 field samples plus QC) shall contain at least a reagent

blank, two Method Blanks, a Laboratory Control Sample and Laboratory Control
Sample Duplicate, a Duplicate, a Matrix Spike and Matrix Spike Duplicate, and a
Reporting Limit Check Sample.

NOTE: It is recommended to prepare two reporting limit check samples.
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9.1.1. Reagent Blank

A reagent blank (50:50 methanol and water solution containing 0.1 % acetic
acid) should be prepared and analyzed prior to the preparation and analysis of
samples to ensure an undetectable or negligible PFC presence that will not
affect quantitation at the reporting limit. This should also be analyzed after the
calibration curve in the analysis sequence.

9.1.2. Method blank

The method blank is prepared by measuring 5 mL of ASTM type | water in a
15 mL polypropylene tube, spiking with 40 uL of the surrogate spike solution
(Section 7.3.1), and then taking it through the sample preparation step Il in
Section 9.2.

9.1.3. Laboratory control sample/laboratory control sample duplicate

Add 5 mL of ASTM type | water to each of two 15 mL polypropylene
centrifuge tubes. The samples are spiked with 40 uL of surrogate spiking
solution (Section 7.3.1), 40 uL of Target Spike Solution I, and 40 pL of Target
Spike Solution Il (Section 7.3.2, Appendix Table 3), and then taken through the
sample preparation step Il in Section 9.2.

9.1.4. Reporting limit check

Add 5 mL of ASTM type | water to a 15 mL polypropylene centrifuge tube.
The sample is spiked with 40 uL of surrogate spiking solution (Section 7.3.1)
and 25 pL of Reporting Limit Check solution (Section 7.3.3, Appendix Table 3)
and then taken through the sample preparation step Il in Section 9.2.

9.1.5. Sample and sample duplicate

The 5.0 mL sample collected in a 15 mL polypropylene centrifuge tube is
allowed to warm to room temperature before spiking and sample processing (if
sludge samples are requested to be analyzed by dry weight, see Section 9.2.3).
If another sample size is collected, a 5.0 mL aliquot is used as the sample and
indicated in the data package narrative (see Section 8.1). Each sample is spiked
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9.1.6.

with 40 pL of surrogate spiking solution (Section 7.3.1) and then taken through
the sample preparation step 1l in Section 9.2.

Matrix spike/matrix spike duplicate

Additional field-collected 5.0 mL samples in each of two 15 mL polypropylene
centrifuge tubes are used for the MS and MSD (if sludge samples are requested
to be analyzed by dry weight, see Section 9.2.3). If another sample size is
collected, a 5.0 mL aliquot is used as the sample and indicated in the data
package narrative (see Section 8.1). The samples are spiked with 40 uL of
surrogate spiking solution (Section 7.3.1), 40 uL of Target Spike Solution I, and
40 pL of Target Spike Solution 11 (Section 7.3.2, Appendix Table 3), and then
taken through the sample preparation step 11 in Section 9.2.

9.2. Sample preparation — Step 11

9.2.1.

9.2.2.

To all samples, add 5 mL of methanol and hand shake/vortex for ~ 2 minutes
(refer to Section 9.2.1.1 for additional steps for sludge samples).

9.2.1.1.  After vortexing, the pH of sludge samples is adjusted to pH ~ 9-10
with ammonium hydroxide (~ 20 pL) and hand shaken/vortexed
again for ~ 2 minutes. This step is not required for water,
wastewater, influent, or effluent unless high percent solids are
present or low recoveries were observed historically when no base
was added.

All the samples are filtered through an Acrodisc GxF/0.2um GHP membrane
syringe-driven filter unit (refer to Section 9.2.2.1 before use) to remove
particulates in the samples. 10 uL of acetic acid (50 uL for sludge samples) is
then added to all samples to adjust the pH ~ 3-4 after filtration. Approximately
a 1 mL aliquot of that solution is transferred to an amber LC autosampler vial
and may then be analyzed. The final volume of the solution is assumed to be 10
mL for quantitation purposes since 5 mL of methanol was added to 5 mL of
sample.

CAUTION: Use only polyethylene caps to seal the LC autosampler vials. All
prepared LC autosampler vials should only be injected once since some of the
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analytes or solvent may evaporate after the vial cap is pierced; the polyethylene
caps are not self-sealing.

9.2.2.1.  The Acrodisc filters are washed with at least 10 mL of acetonitrile
followed by 10 mL of methanol prior to use. The syringes must be
rinsed with ASTM type | water followed by acetonitrile and then
methanol between all samples.

9.2.3. The analyte concentration for sludge samples will be reported in ng/L. If

requested, the results can be reported in ng/Kg based upon the dry weight of the
solids. In that case, dry weights must be determined for sludge samples
according to CRL SOP AIG019. The sample is then initially weighed (~ 5 g to
the hundredth of a gram) instead of taken by volume, dependent upon the
percent moisture.

9.3. Analytical procedure

9.3.1. Sample analysis procedure

Instrument conditions for LC/MS/MS are described in Section 9.4.3. The target
compounds are identified by comparing the single reaction monitoring (SRM)
transitions in the sample to the SRM transitions in the standards. A
confirmatory transition is available for most of the analytes (Appendix Table
6). The retention time (RT) for the analytes of interest must also agree with the
RT of the mid-level standard by £5%. The target compounds are quantitated
using the primary SRM transitions of the target compounds utilizing external
calibration. As an additional quality control measure, fourteen isotopically-
labeled surrogate (listed in Section 7.2.4-7.2.5) recoveries are monitored; the
percent recovery of each should fall within the control limits of the method
(Appendix Table 2). Compounds from this SOP are reported to the RL,
typically in ng/L.

If the absolute amount of a target compound in a sample exceeds the working
calibration range (see Level 9 in Appendix Table 4), the sample must be
diluted and re-analyzed. This should be done by diluting the sample with 50:50
methanol and water solution containing 0.1 % acetic acid.

9.3.2. Qualitative and quantitative analysis
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9.3.2.1.

9.3.2.2.

The quantitation of the target analytes and surrogates is
accomplished with QuanLynx™ or TargetLynx™ software. An
external calibration is used along with fourteen isotopically-labeled
surrogates (listed in Section 7.2.4-7.2.5). Refer to Appendix Table
6 for the MRM transitions and expected retention times. The
quantitation method is set as an external calibration using the peak
areas in ppt units (ng/L).

The MRM analysis provides qualitative identification by isolating
the precursor ion and fragmenting it into the product ions, which
are then used to calculate ion ratios that can be compared between
samples and standards to confirm the identification of the analyte.
The retention times of the analytes are also monitored between
samples and standards to further confirm the identification. The
signal/noise ratio for all peaks shall be > 3. If not, it should be
investigated, the system re-optimized, and, if not corrected, the
reporting limit must be raised to account for the lack of sensitivity
and mentioned in the narrative. The manual should be consulted in
order to use the software correctly.

If there are two or more analyses for a sample due to dilution, the
analyst must determine which is best to report based on evaluation
of all available data relevant to a given sample. The target
compounds are identified by comparing the primary SRM
transition and its confirmatory SRM transition in the sample to the
SRM transitions in the standards. Confirmatory transitions are
available for most of the analytes (Appendix Table 6). The
primary/confirmatory SRM ion ratio shall meet the criteria set in
the quantitation method by + 30% of the average of the
primary/confirmatory SRM ion ratios calculated from the
calibration levels on the day of analysis. This ratio will vary
depending on the instrument acquisition parameters. Due to
sensitivity issues, some ion ratios may not meet the + 30% ion
ratio at the lower concentrations. If this is the case, the data should
be qualified “I” and explained in the case narrative.
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NOTE: Depending on sensitivity and matrix interference issues, a confirmatory
SRM transition might be used as a primary SRM transition for quantitation
during the analysis. This shall be explained in the case narrative if these changes

are made.

9.3.2.3.

9.3.24.

The confirmatory ion ratios in “weathered samples” may not match
the ion ratios in the calibration standards for the target analytes that
may contain isomeric mixtures. Figures 1-4 in the appendix are
examples of this for PFHXS and PFOS; these differences in isomer
mixtures may be observed with analytes that have the possibility of
containing isomeric mixtures. The complete isomer grouping shall
be quantitated consistently for all samples. These differences for
PFHxS and PFOS were found in groundwater samples and may
either be the cause of different compositions used, weathering,
degradation, or the affinity of the branched isomers to be more
soluble than the linear in water and leach into the water from the
soil at a higher rate than the linear.

Regression fits should exclude the point of origin (X=0, Y=0) and
be weighted by 1/concentration in order to increase the accuracy of
the curve at the lower concentrations. For linear regression to be
used, the coefficient of determination, r?, should be > 0.98 for each
analyte, and for quadratic regression, the r? should be > 0.99. Upon
inspection of the calibration curves, if one of the calibration
standard injections, other than the high or low, skews the curve
such that the r? is unacceptable, this point must be re-injected and
replaced in the calibration curve, or a new calibration curve must
be made or the data may be reported estimated, “J”, and explained
in the narrative. If the low and/or high points are excluded, a six-
point curve is acceptable for quadratic fit and five point for a linear
fit, but the calibration range and reporting limits must be modified
to reflect this change. Points can be dropped from both the high
and/or the low end of the curve as long as the reporting range is
adjusted accordingly. The calculated calibration level
concentrations used to generate the curve should be <£30%
deviation from the concentration of the generated curve; if this is
exceeded, a new calibration curve must be generated or the data
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reported must be qualified estimated, “J”, with an explanation in
the narrative accompanying the data.

9.3.25.  The retention time window of the SRM transitions must be within
5% of the retention time of the analyte in a Level 4-6 calibration
standard. If this is not true, the calibration curve needs to be re-
analyzed to see if there was a shift in retention time during the
analysis and the sample needs to be re-injected. If the retention
time is still incorrect in the sample, the analyte is referred to as an
unknown.

9.3.2.6.  If there is no confirmatory transition for the analyte (refer to
Appendix Table 6) and the presence of the analyte in the sample
cannot be confirmed with a primary transition and retention time,
the analyte is listed as a non-detect or as having a matrix
interference present.

9.4. Instrument mass calibration and standardization procedures

9.4.1. Mass calibration of mass spectrometer

The Waters Xevo TQ-S mass spectrometer is calibrated monthly or when mass
shifts of more than 0.2 Dalton are noticed by the analyst. The calibration file is
saved in the MassLynx™ file folder. The calibration solution normally used is a
mixture of phosphoric acid. Other calibration solutions can also be used per
manufacturer’s specifications. The detailed procedure for calibrating the mass
spectrometer can be found in the MassLynx™ instruction manual located near
the instrument or in the MassLynx™ software on the instrument computer.
Software or firmware updates occur rarely and should not affect the operator.
The version of MassLynx™ loaded is available in the software under ‘About
MassLynx™., . .”,

CAUTION: It is the analyst’s responsibility, on each day of analysis, to ensure
the instrument is calibrated and optimally tuned in order to meet the
requirements of the SOP. An optimally calibrated and tuned instrument on one
day does not ensure it is optimally tuned and calibrated the next day. This can
be due to temperature drift, a dirty mass spectrometer ion source, ion block, or
ion path, and other conditions that may affect the analysis.
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9.4.2. Mass calibration criteria and parameters

The instrument must be calibrated over the calibration range for all analytes and
product ions in the analysis method. The analyst must ensure that the mass
spectrometer is calibrated adequately, within 0.2 Da of target analyte m/z
settings compared to a previous day’s analysis or compared to a calibration
solution, on each day of analysis. When infusing a calibration solution, it is
important to set the resolution settings across the calibration range of the
instrument to obtain a width of about 0.75 Da at half height for each peak. This
can be done with low mass and high mass resolution settings for each
quadrupole. The ion energies also need to be set in order to obtain adequate
movement or sensitivity without affecting peak shape or increasing baseline. In
order to obtain optimal results, all adjustable tune page settings will need to be
optimized for the calibration solution at the infusion flow rate chosen by the
analyst, usually a low flow rate < 20 uL/min. The following guidelines for
calibrating shall be followed:

9.4.2.1.  There should be no missed reference peaks. If there are missed
reference peaks, something is wrong and the instrument either
requires optimization of the tuning parameters, maintenance, or a
new/different calibration solution.

9.4.2.2.  The Maximum Mean of Absolute Residuals shall be <0.1. If
above this value, something is wrong and the instrument either
requires optimization of the tuning parameters, maintenance, or a
new/different calibration solution.

9.4.2.3.  ‘Apply span correction’ and ‘Check Acquisition calibration
ranges’ should both be checked.

9.4.2.4. Peak Match Parameters should set the Peak Window at 1 Da,
Initial Error of 2 Da, Intensity Threshold of 0.1, Curve fit using a
3rd or 4th order polynomial over the calibration range, and the
display shall be calibrated.
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9.4.3.

9.4.25. Inregards to Mass Measure, ‘background subtract’ should be
selected with a polynomial order of 1 and 33% Below Curve.
Smoothing should be enabled with a Peak Width of 0.75 Da and
the number of smooths set at 2; either the Mean or Savitzky Golay
data smoothing filters may be selected. Mean is usually chosen.
The minimum peak width at half height (channels) should be set at
4 based upon the top of the peak and height.

9.4.2.6.  The Acquisition parameters should be set over the calibration
range and at scan speeds the instrument is specified to achieve. The
XEVO TQ-S scan speed is 2000 amu/sec. A scan from 50 amu to
1980 amu should be run for 1 minute in continuum data type if
being used for MRM analysis and centroid mode if being used for
library matching. The static span should be set at 2 amu, Static
Dwell at 0.1 sec, Slow Scan time at 20.46 sec and fast Scan time at
1 sec.

The instrument shall be calibrated so the Root Mean Square (RMS) residual is
less than 0.1 amu and no calibration point should be off more than 0.15 amu or
it shall be investigated, re-optimized, and corrected to be within tolerance. If
not, system maintenance may be required either immediately or at the time of
the next service engineer visit. This is the responsibility of the group leader to
decide if all other aspects of the instrument are in performance, such as
sensitivity and mass shift of less than 0.2 Da from day to day (assuming stable
room temperature).

Instrument operating conditions
Analytical conditions for liquid chromatography and mass spectrometry are
described below. The instrument operating condition files are saved in the
MassLynx™ file folder.
9.4.3.1. Liquid chromatographic conditions
Analytical column: See Section 6.1.2 (Acquity UPLC® CSH™

Phenyl Hexyl, 2.1x100 mm, 1.7 um particle size). Column
temperature is 35°C.
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Injections of all standards and samples are normally made at a 30
KL volume. Other injection volumes may be used to optimize
conditions; the smaller the injection volume, the better the
chromatography of the early eluting compounds. A balance
between injection volume to optimize chromatography and
sensitivity on your complete LC/MS/MS operating system
(including solvents and modifiers which will impact baseline and
sensitivity) needs to be made. Standards and samples must be in a
50:50 methanol and water matrix containing 0.1% acetic acid. In
the case of extreme concentration differences amongst samples, it
is wise to analyze a blank after a concentrated sample and before a
dilute sample to minimize carry-over of analytes from injection to
injection. However, there should not be carry-over between
samples; The H-Class UPLC® has a flow through LC needle
design. The gradient conditions for liquid chromatography are
shown in Table 7 (Appendix).

The sample compartment temperature is set at 15°C and the needle
wash solvent is 60% acetonitrile/40% 2-propanol. Other needle
wash solvents may be used, but it must be demonstrated that they
adequately wash the needle between injections.

9.4.3.2.  Mass spectrometer conditions

Variable parameters depending on analytes are shown in Table 8
(Appendix). The instrument is set in the Electrospray (-) negative
source setting. The values for the following parameters are shown
here for information purposes only. These conditions should be
checked and optimized when required.

Capillary voltage: 0.65 kV

Cone: Variable depending on analyte
Source temperature: 150 °C
Desolvation gas temperature: 425°C
Desolvation gas flow: 800 L/hr
Cone gas flow: 200 L/hr

Collision gas flow: 0.15 mL/min
Low mass resolution 1: 3.0






Title . CRL Document # Version #
OMO021 OSRTI PFCs in Water OMO21 1
Effective Date 3/21/2017 11:02:26 AM Stas Page 28 of 68
Published

High mass resolution 1: 14.9
lon energy 1: 1

Entrance energy: 1

Collision energy: Variable, see Table 8 (Appendix)
Exit energy: 1

Low mass resolution 2: 3.0
High mass resolution 2: 14.7
lon energy 2: 2.3

Gain: 1.0

Multiplier: 511.1

Inter-scan delay: 0.003 seconds

9.4.4. Calibration
944.1. Initial calibration

The initial calibration contains a nine-point curve. Depending on
instrument type, the sensitivity and calibration curve responses
may vary. At a minimum, a five point linear or a six-point
quadratic calibration curve will be utilized for all analytes. A
calibration curve and an instrument blank will be analyzed at the
beginning of each run or daily to ensure instrument stability. A
new curve must be generated daily. QC acceptance criterion for an
initial calibration is included in Section 9.3.2.4. The calibration
method is saved and used to quantify all samples. There is a good
linear and quadratic dynamic range over the calibration ranges in
this SOP.

9.4.4.2. Second source calibration check

The second source calibration check, analyzed after an initial
calibration at or near the midpoint of the calibration curve, should
be run. The second source calibration check should yield measured
concentrations within £ 30% of the expected concentrations for all
target compounds present in the standard. If the measured
concentration of any of these compounds varies from the expected
concentration by > * 30%, the results for the compounds
exceeding these criteria are qualified as estimated (‘J’).
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9.4423.

Continuing calibration check (CCC) and/or end calibration check

Within 24 hours of the last injection of the previous initial
calibration curve, a continuing calibration check standard at or near
the midpoint of the calibration curve must be run. If the measured
concentration of any of the analytes varies from the expected
concentration by > 30%, the data for the failing analytes are
qualified as estimated (‘J”). A new calibration must be generated

every 24 hours regardless of a passing CCC.

CAUTION: The CCC end calibration check must be prepared in a
separate vial since the concentrations of some analytes have been

observed to change once the LC vial cap is pierced.

9.4.5. Autosampler schedule/analytical sequence

Prepare a sequence that includes all calibration standards, QC samples, and
field samples. The first sample to be analyzed is a reagent blank sample. The
calibration standards levels are analyzed next along with the second source
calibration check standard. The next samples to be analyzed should be in the
following recommended sequence: reagent blank, method blanks, reporting
limit checks, LCS/LCSD, diluted field samples, field samples, duplicates,
MS/MSD, and CCC.

10. Quality Control

10.1. Demonstration of capability

10.1.1.

10.1.2.

An analyst must have an approved Analyst Demonstration of Capability
(ADOC) prior to reporting data. See the CRL QMP for guidance and
requirements regarding ADOCs.

MDL with P&A studies must be performed before an analytical SOP may
be used and repeated for any major SOP revisions. See the CRL QMP for
guidance and requirements regarding IDOCs. MDLs for this method are shown
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in Tables 1 and 9 (Appendix). No data is reported below the reporting limit for
this SOP unless the customer requests.

10.1.3. Quality control acceptance criteria for P&As are shown in Table 2
(Appendix, preliminary until a validation study is completed). These limits will
be updated as more data is generated. For a precision and accuracy (P&A)
study, at least 4 samples containing all the PFCs and surrogates at or near the
level 6 concentration in Table 4 (Appendix) must be analyzed as replicates.
These samples are then analyzed according to the method described in Section
9.

10.2. Example calculation of sample concentration reported

The concentration of an analyte is calculated using Equation 1.

Equation 1

lf_(c:u) =Ci

Where:

V¢ = Final Volume

Vi = Initial Volume

Cu= Uncorrected Concentration

Ct = Final Concentration (Corrected for Dilution)

10.3. Procedural quality controls

All matrix spike control limits are based upon laboratory control spike data. Basing
matrix spike recovery limits on actual matrix spike recovery data would result in
wider limits resulting in the acceptance of recoveries that are questionable. This
practice allows for stricter acceptance criteria. Refer to the Table of Contents in the
Appendix for QC limit updates. See CRL SOP GENO028 for more information on
data review. All QC criteria exceedances requiring qualification of the data shall be
documented in the accompanying case narrative.

10.3.1. Initial calibration
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Refer to Section 9.4.4.1 for initial calibration QC criteria and qualification
guidelines.

10.3.2. Second source standard check

Refer to Section 9.4.4.2 for second source standard check QC criteria and
qualification guidelines.

10.3.3.  Continuing calibration check

Refer to Section 9.4.4.3 for continuing calibration check QC criteria and
qualification guidelines.

10.3.4. Surrogates

All samples are spiked with a surrogate standard spiking solution as described
in Section 9.1. The percent recovery limits for each surrogate compound will be
updated regularly based on historical laboratory control sample recovery data
and will be based on a 99.7% confidence interval from X+3c. The current
acceptance criteria are shown in Table 2 (Appendix, preliminary until a
validation study is completed).

There are fourteen surrogates for this analysis that monitor method performance
in each sample. The isotopically-labeled surrogates represent the unlabeled
native analytes. In addition, PFTreA and PFTriA are represented by MPFDOA,
PFHPpA is represented by MPFHXA, PFBS, PFPeS, and PFHpS are represented
by MPFHXS, PFDS and PFNS are represented by MPFOS, PFPeA is
represented by MPFBA, and FOSA is represented by MNMeFOSAA. The
number of surrogates used may be determined by customer request and may be
different than what is stated in this method.

For qualification guidelines concerning surrogate recovery, see CRL SOP
GENO028.

10.3.5. Method blank and reagent blank samples

For every 20 field samples, at least two method blanks will be prepared in
reagent water to investigate for contamination throughout sample preparation,
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extraction, and analysis. A reagent blank is prepared each day with a 50:50
methanol and water solution containing 0.1 % acetic acid for every 30 samples
(or a batch) to investigate for system/laboratory contamination.

The concentration of target analytes in the blank shall be less than half the
reporting limit or the associated data shall be qualified “K” for high bias due to
blank contamination. Alternatively, the reporting limit in the associated field
sample(s) can be raised to three times the blank contamination concentration.
Since a quadratic fit is often used, the concentrations below the reporting limit
are not accurate. In this case, the response/area count of the blank should be less
than half the response/area count in the Level 1 calibration standard or the data
is qualified “K” for a possible blank contamination issue or the reporting limit
may be raised to 3 times above the estimated blank contamination
concentration.

10.3.6. Reporting limit check samples

For every 20 field samples, a reporting limit check sample will be prepared in
reagent water and spiked at the reporting limit as described in Section 9.1 to
verify that the target analytes are present and can be qualitatively identified at
the reporting limit. The recovery criteria for the reporting limit check sample is
50-150% based upon analyst’s judgment and review of historical laboratory
control sample recovery data.

If the target analytes are not present or biased low in the reporting limit check
sample, the data for all non-detects are qualified “J” if detected up to a passing
LCS concentration level. If the recovery is biased high, non-detects in field
samples are not qualified, but detects are qualified “J” to the level of a passing
LCS concentration.

10.3.7. Laboratory control samples

For every 20 field samples, at least one LCS/LCSD pair will be prepared in
reagent water and spiked at the LCS/LCSD level as described in Section 9.1 to
monitor spike accuracy and method performance in a clean matrix. The percent
recovery limits for each target compound will be updated regularly based on
historical LCS recovery data and will be based on a 99.7% confidence interval
(X £ 30). The current acceptance criteria are shown in Table 2 (Appendix).
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For qualification guidelines concerning LCS/LCSD recovery, see CRL SOP
GENO28.

10.3.8. Matrix spike samples

For every 20 field samples, at least one MS/MSD pair will be prepared in a
field sample matrix and spiked at the LCS/LCSD level as described in Section
9.1 to monitor spike accuracy and method performance in a sample matrix. The
percent recovery limits for each target compound will be updated regularly
based on historical LCS recovery data and will be based on a 99.7% confidence
interval (X £ 3c). Historical LCS recovery data will be used in order to keep
the limits more restrictive. The current acceptance criteria are shown in Table 2
(Appendix).

If the laboratory has not received MS/MSD samples for site-specific matrix
evaluation, this QC check is excluded.

For qualification guidelines concerning MS/MSD recovery, see CRL SOP
GENO028.

Calculate the percent recovery of the spike (P) using Equation 2.

Equation 2
p —100x 2R SR

Where:

SSR = MS/MSD Spiked Sample Result
SR = Unspiked Sample Result

SA = Spike Concentration

P =Percent Recovery

10.3.9. Duplicate samples

For every 20 field samples, a duplicate sample will be prepared using a field
sample matrix in order to evaluate reproducibility of the sample preparation and
analysis procedure. The percent difference in the duplicate must be < 30%. If
not, the native sample is qualified estimated, “J”.
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Calculate the percent difference (%D) using Equation 3.

Equation 3

calculated concentration — expected concentration
%D = - %X 100
expected concentration

10.4. Formal corrective actions
Formal corrective actions should follow the guidelines in the CRL QMP.

11. Data and Records Management

11.1. Calculations and documentation

11.1.1. Computer programs used for analysis of data include MassLynx™ with
QuanLynx™ or TargetLynx™ software. For additional information, see
Section 11.2.

11.1.2.  Use of professional judgment in the data reduction and verification
process must be documented. See GENO028 for LC/MS/MS data verification
guidelines. Since some PFCs consist of complicated isomeric mixtures, the
chromatograms are often manually integrated. Manual integrations must be
documented. See CRL SOP GENO029 for guidance on appropriate manual
integrations and documentation thereof.

11.1.3.  All data packages are verified by a qualified analyst. The qualified analyst
reviews and signs off on the data verification checklist and the LIMS report to
release the data. All data packages must be approved and signed by the Primary
Analyst.

11.2. Data reduction and reporting procedure

11.2.1. Refer to Section 10.2 for the calculation of concentration in samples
equation.

11.2.2.  The concentration in a sample is calculated using the linear or quadratic
calibration curve. Sample results are typically reported in nanograms per liter
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(ng/L), only to the reporting limit, and to three significant figures. Sample
results are not reported below the MDL unless a special request is made by the
customer. The results are reported without any corrections for recovery data.
All QC data obtained are included in the CRL data packages.

11.2.3.  Verify that all analytes have been properly identified and quantified in the
chromatogram. Using software programs, manually integrate as necessary. The
integration is recorded before and after in the MassLynx™ software, clearly
showing the before and after integration.

11.2.4. Review the calibration report for calibration outliers and make area
corrections for any peaks that are improperly integrated. If corrections have
been made, update the calibration file and regenerate a calibration report.
Alternatively, re-analyze "nonconforming™ calibration level(s) and repeat the
above procedures.

NOTE: A valid calibration curve must be generated before field samples or
batch QC can be analyzed.

11.2.5. If the initial calibration data are acceptable, generate the calibration report.
Samples may be analyzed during the 24-hour period after the last calibration
standard injection, ending with an injection at or near the midpoint of the
calibration curve (CCC). After that 24-hour period is expired, a new calibration
curve must be generated to continue analysis or the low, middle, and high
points of the previous curve must be checked with newly prepared calibration
standards and all three points must be within £10% of the previous calibration
curve’s concentration in order to be utilized.

11.2.6.  Generate quantitation reports for all samples. Generate the final report. If
manual integrations were made, the QuanLynx Audit Report can be consulted
showing the details of how, when, and why the peak was changed. The entire
quantitation method is saved and archived.

11.2.7. Review the quantitation reports for all samples making sure all surrogate
and target compounds have been properly quantitated. Check for integration
errors. Delete any false positives. Be sure the blank sample data have been
properly reviewed.
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11.2.8.  Verify that all spike compounds were present in the MS/MSD and
LCS/LCSD sample quantitation reports. Investigate any differences in spike
concentrations that are more than 30% different.

11.2.9. Generate a .xml file of your data using the TargetLynx™ software so that
it can be uploaded into LIMS.

11.2.9.1. Open TargetLynx document (.qld).
11.2.9.2. Go to File > Export > XML ...
11.2.9.3. Save file (*.xml extension).

11.2.10.  Upload the applicable data (field sample results and batch QC) into LIMS
(see Section 11.4). Sufficient information should be present in the data package
to recreate the analysis (e.g. relevant QC samples, copies of laboratory
notebook pages, bench sheet(s), injection sequences, etc.).

11.2.11.  Archive all the data to the server according to the CRL QMP. The
archived folder containing all of the data should not have client information
(i.e. the project name) in the folder title. The work order number is sufficient.

11.2.12.  On adaily basis, archive all the processed data files to their original
directories in the server.

11.3. Data package assembly

11.3.1.  Create a deliverables package according to GEN-WI005. A full
TargetLynx or QuanLynx report contains all of the necessary instrument data.

11.4. LIMS data entry

11.4.1.  All LIMS data entry is based on first creating a bench sheet describing the
sample preparation. This bench sheet describes the samples prepared and the
quality control samples. The analyst must make certain that the preparation date
in LIMS matches the actual preparation date. By convention, if the sample
preparation proceeds overnight, the date started is used for the LIMS
preparation date. The name of the analysis in LIMS is ‘OSRTI PFC’. The name
of the bench sheet template in LIMS is ‘bch. C_ LCMSMS_ Water.rpt’.
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11.4.2.

11.4.3.

When the data are ready to be entered, the bench sheet is called up into the
Data Entry/Review module. All analyses or selected analyses can be included.
Manual data entry has resulted in many errors, and should be avoided. Use the
DataTool software or other automated data entry procedures when available.

11.4.2.1.

11.4.2.2.

11.4.2.3.

11.4.2.4.

Once the batch is called up in Data Entry/Review, click Create to
create a Data Entry table. If data is to be entered manually, click
Save and proceed to Section 11.4.3. To merge data automatically,
click DataTool.

Once in DataTool, click Browse and select the .xml file created
earlier (see Section 11.2.9). If unneeded sample entries remain in
the lower left-hand box, click Clear. Double-click on the desired
xml file and either Auto Select or highlight individual samples
and click Include. Ensure that the File Type is set to ‘Waters
MassLynx HRMS (*.xml)’.

Once the samples and quality control samples are selected, click
Done and it will return to the main DataTool page. Ensure that the
appropriate cross table is loaded.

Click Merge Files. If either Unmatched Analytes or Unmatched
Units appear in red, repair the cross table with the assistance, if
necessary, of the Group Leader. Verify that the results in Initial
Result are correct and click Save. Once saved, the data entry table
will be populated with the instrument data. Proceed to Section
11.4.4.

When performing manual data entry, enter the results in the column
IResult. Include the response in the Response column and the retention time in
the RT column. For each result, enter the date of analysis in the column
Analyzed. This column has a calendar feature as do other date fields in LIMS.
If dilutions were necessary for the analysis, enter the dilution factor in the
column Diln. The sample result should be the one measured and not corrected
for the dilution factor. Verify that the correct information is present in the
Analyst field and the Instrument field.
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11.4.4.  Once all data are entered, click the Save button to save the entered data to
the LIMS database. After saving, proceed to the Review page and click Query.
Lock the data. Verify that all conversions to reporting units and dilutions have
been calculated correctly. Verify that reporting limits have been correctly
applied. Flags may be added at this stage, following the guidance given in CRL
SOP GENO028.

11.5. LIMS report generation

11.5.1.  Once all LC/MS data is entered and flagged, prepare a draft report. Select
Project Management, and then Reports. Choose the work order and the analysis
and select the report. The report chosen will typically be ‘Analysis no L-A-B
logo.rpt’, which does not include the 1ISO 17025 logo. Ensure that Standard
Excel is selected under EDD Library so that an electronic copy of the data is
generated as an Excel file along with the .pdf of the report. The draft report
need not be signed. It is only for the purpose of review. Update the Status of
the data to ‘In-Review’ prior to releasing it to the data reviewer.

11.5.2.  After the data reviewer has updated the Status of the data to ‘Reviewed’
and the corresponding case narrative has obtained supervisory approval, the
final report may be generated. Upload the approved case narrative into LIMS
by selecting the Narrative tab and pressing the page icon under the Work Order
Case Narrative field. Select the analysis from the Analysis Class field and then
click Edit to cut-and-paste the narrative into the text field. The mode of
generation of the final report is the same as above (Section 11.5.1). The final
report must be signed and dated by the analyst.

12. Troubleshooting

12.1. Symptom: inadequate abundance or sensitivity

Probable Causes:
12.1.1. Dirty or contaminated ion source, electron multiplier, or quadrupole rod
surfaces.
12.1.2.  Potentials of ion source elements at wrong values due to open or short
circuits.
12.1.3. Faulty ion source electronics, detector electronics, or power supply.
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12.2. Symptom: improper isotope ratios

Probable Causes:

12.2.1.  High "background" levels of undesired substances (contamination from
earlier sample injections) which contribute additional abundance at the isotope
mass. Bake out the ion source assembly and condition the column.

12.2.2. Resolution of adjacent masses set improperly/higher than normal ratios
due to poor resolution (peaks too wide) or lower ratios due to over resolution
(narrow peaks).

12.3.  Symptom: poor reproducibility

Probable Causes:
12.3.1. Loose or intermittent connection either to a printed circuit or to one or
more ion source or quadrupole elements inside the analyzer assembly.

12.4.  Symptom: high background

Probable Causes:

12.4.1. Dirty or contaminated ion source, electron multiplier, or quadrupole rod
surfaces.

12.4.2.  "Yesterday's" samples - There is the possibility that some previously
injected sample can still be present in the vacuum system long after it was
thought to be evacuated. This phenomenon depends on sample volatility,
temperature, etc.

12.4.3.  Contamination in a recently cleaned vacuum system - After any venting of
a vacuum system for maintenance, there is the potential for introducing new
substances into the vacuum system. Some substances are normal and can be
pumped out, while others require more cleaning or baking.

12.4.3.1. Solvents used in the cleaning process - These will be present for a
while but should be pumped out as heat is applied to the vacuum
system.

12.4.3.2. Water absorbed on the metal surfaces while vented - This will
pump out with heat.

12.4.3.3. "Fingerprints" - Heavy organic substances from inadequate clean
room procedures may not be pumped out and may require source
cleaning.
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12.5. Symptom: mass spectrometer does not respond

Probable Causes:
12.5.1.  The mass spectrometer electronics are not on; check the switch.
12.5.2.  Secondary fuse blown - Check the secondary fuses on the rear of the mass
spectrometer and replace the faulty fuse(s).
12.5.3. Board failure
12.5.4.  Communication loss - reboot mass spectrometer, PC, and LC.

13. Preventative Maintenance
Logbook for record of preventative maintenance and repair work of LC/MS is located
near the instrument. It is the responsibility of the analyst to document all maintenance

items in the relevant instrument maintenance logbook (date and initial).

The instrument manuals are located on the instrument computer associated with the
instrument software.
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Table 1. Method Parameters

Reporting Range
Analyte MDL (ng/L)
(ng/L)

PFTreA 1.2 10 - 400
PFTriA 0.7 10 - 400
PFDoA 1.2 10 - 400
PFUnA 1.2 10 - 400
PFDA 1.4 10 - 400
PFDS 2.2 10 - 400
PFOS 2.2 10 - 400
PENA 11 10 - 400
PENS 1.4 10 - 400
PFOA 1.7 10 - 400
PFHpS 2.5 10 - 400
PFHXS 1.2 10 - 400
PFHpA 1.0 10 - 400
PFHxA 2.0 10 - 400
PFBS 0.8 10 - 400
PFPeS 13 10 - 400
PFPeA 4.6 50 - 2000
PFBA 4.6 50 - 2000
FOSA 1.6 10 - 400
4:2 FTS 15 10 - 400
6:2 FTS 1.6 10 - 400
8:2FTS 2.7 10 - 400
NEtFOSAA 11 10 - 400
NMeFOSAA 1.9 10 - 400

MDLs and RLs were determined from the IDOC performed on LC/MS/MS #3 analyzed in August 2016 (LIMS work order #
1701020, Qualtrax workflow ID #9595). This SOP is for use with LC/MS/MS #2 and #3.
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Table 2. Quality Control Acceptance Criteria and Uncertainty

Analyte Average Standard Deviation # of Replicates prer Control U_pper Control

Recovery (%) (%) (n) Limit (LCL) % Limit (UCL) %
PFTreA 100 15.6 102 70 130
PFTriA 103 8.4 102 70 130
PFDoA 100 9.9 102 70 130
PFUNA 99.8 6.6 102 70 130
PFDA 97.7 5.6 102 70 130
PFDS* 101.4 2.7 6 70 130
PFOS 97.3 6.4 102 70 130
PFNA 96.4 5.0 102 70 130
PFNS* 99.8 2.0 6 70 130
PFOA 95.8 5.2 102 70 130
PFHpS* 98.8 2.8 6 70 130
PFHXS 95.2 5.2 102 70 130
PFHpA 94.7 5.1 102 70 130
PFHXA 95.2 5.2 102 70 130
PFPeS* 935 17 6 70 130
PFBS 95.3 5.5 102 70 130
PFPeA % 5.1 102 70 130
PFBA 99.6 8.6 102 70 130
FOSA* 98.3 16 6 70 130
4:2 FTS* 99.5 2.7 6 70 130
6:2 FTS* 105.1 8.6 6 70 130
8:2 FTS* 111.7 45 6 70 130
NEtFOSAA* 103.4 3.1 6 70 130
NMeFOSAA* 101.3 2.3 6 70 130
MPFBA 101 8.9 102 70 130
MPFHXA 975 44 102 70 130
MPFHXS 96.6 4.8 102 70 130
MPFOA 98 4.2 102 70 130
MPFNA 98.8 4.6 102 70 130
MPFOS 98.3 5.0 102 70 130
MPFDA 99.6 5.0 102 70 130
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Analyte Average Standard Deviation # of Replicates L_ovyer Control L,_lpper Control

Recovery (%) (%) (n) Limit (LCL) % Limit (UCL) %
MPFUNA 101 5.9 102 70 130
MPFDOA 103 73 102 70 130
M4:2 FTS* 101.7 3.1 17 70 130
M6:2 FTS* 108.2 5.6 17 70 130
M8:2 FTS* 107.3 7.8 17 70 130
MNEtFOSAA* 111 3.8 17 70 130
MNMeFOSAA™* 103.9 2.1 17 70 130

Laboratory control sample recovery statistics were calculated in August 2016 from historical LCS QC samples analyzed between
July 2014 and August 2016, unless otherwise noted. This SOP is for use with LC/MS/MS #2 and #3.

*Laboratory control sample recovery statistics for these analytes were calculated in August 2016 from LCS QC samples analyzed
in August 2016 as part of the IDOC performed on LC/MS/MS #3 (LIMS work order # 1701020, Qualtrax workflow 1D #9595).

Table 3. Target Analyte Spiking Solutions

Analyte

Concentration of Analyte in PFC Target Spike Solutions

PFC High Target Spike Solutions

Target Spike |

Target Spike 11

PFC Reporting Limit
Spike Solution

PFTreA, PFTrIA,
PFDOA, PFUNA,
PFDA, PFOS, PFNA,
PFHXA, PFHpA,
PFBS, PFOA, PFHXS

20 pg/L

2 ng/L

PFBA, PFPeA

100 pg/L

10 pg/L

4:2 FTS, 6:2 FTS, 8:2
FTS, PFDS, PFNS,
PFPeS, PFHpS,
FOSA, N-
MeFOSAA, N-
EtFOSAA

20 pg/L

2 ng/L
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Table 4. Concentrations of Calibration Standards*

Analyte (Concentrations in ppt) LV1 LV2 LV3 | LV4 LV5 LV6 LVv7 LVv8 LV9

PFPeA, PFBA 25 50 100 200 300 400 500 750 1000

PFTreA, PFTriA, PFDoA, PFUNA,
PFDA, PFOS, PFNA, PFHXA,
PFHpA, PFBS, PFOA, PFHXS, 4:2
FTS, 6:2 FTS, 8:2 FTS, PFDS,
PFNS, PFPeS, PFHpS, FOSA, N-
MeFOSAA, N-EtFOSAA, MPFHXA, 5 10 20 40 60 80 100 150 200
MPFUNA, MPFOA, MPFDA,
MPFOS, MPFNA, MPFHXS,
MPFDoA, MPFBA, M4:2 FTS,
M6:2 FTS, M8:2 FTS,
MNMeFOSAA, MNEtFOSAA

*These values are the concentrations in the calibration standards. The concentration obtained from the instrument is then
corrected for the 2-fold dilution made during the sample preparation process, producing the reporting ranges in Table 1.

Table 5. Preparation of Calibration Standards

Solution | LV1 LV2 LV3 LV4 LV5 LV6 LV7 LV8 LV9
A 25 L 50 uL 100 uL | 200 L | 300 L | 400 pL | 500 L | 750 pL | 1000 pL
B 975uL | 950pL | 900 L | 800 uL | 700 pL | 600 uL | 500 uL | 250 L | O pL

Solution A: Level 9 calibration stock solution prepared according to Section 7.3.4 and at Table 4 concentrations, once prepared
Solution B: 50:50 methanol and water with 0.1% acetic acid
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Table 6. Retention Times and MRM lons
e
Analyte Primary/Confirmatory MRM Transition Time y
(Minutes) SRM Area
Ratio
Primary 712.9—-668.9
PFTreA 10.63 7.4
Confirmatory 712.9—169
Primary 662.9—618.9
PFTriA 10.17 7.4
Confirmatory 662.9—169
Primary 612.9—568.9
PFDoA 9.61 8.2
Confirmatory 612.9-169
Primary 562.9—»519
PFUNA 9.05 7.2
Confirmatory 562.9—>269
Primary 512.9-468.9
PFDA 8.45 6.5
Confirmatory 512.9-219
Primary 598.9-79.9
PFDS 9.8 1.2
Confirmatory 598.9—98.9
Primary 498.9—80.1
PFOS 8.78 1.3
Confirmatory 498.9-599.1
Primary 462.9—-418.9
PFNA 7.78 4.9
Confirmatory 462.9—-219
Primary 548.9— 79.9
PFNS 9.2 1.2
Confirmatory 548.9— 98.9
Primary 412.9—-369
PFOA 7.11 3.6
Confirmatory 412.9-169
Primary 448.9— 79.9
PFHpS 7.95 1.3
Confirmatory 448.9— 98.9
Primary 398.9-80.1
PFHXS 7.39 1
Confirmatory 398.999.1
Primary 362.9-319
PFHpA 6.35 4.1
Confirmatory 362.9—169
Primary 312.9-5269
PFHXA 5.54 24.1
Confirmatory 312.9-119.1
Primary 298.9-80.1
PFBS 5.66 1.6
Confirmatory 298.9-99.1
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Analyte Primary/Confirmatory MRM Transition Time y
(Minutes) SRM Area
Ratio
PFPeA Primary 263—219 4.68 NA
Primary 348.9— 79.9
PFPeS - 6.4 14
Confirmatory 348.9598.9
PFBA Primary 212.9-169 3.67 NA
Primary 327 — 307
4:2 FTS - 5.2 35
Confirmatory 327 80.9
Primary 427— 406.9
6:2 FTS - 6.7 4.3
Confirmatory 427— 80.9
Primary 526.9—506.9
8:2FTS - 8 45
Confirmatory 526.9—80.9
Primary 569.9—>419
N-MeFOSAA - 8.4 1.8
Confirmatory 569.9—>482.9
Primary 583.95419
N-EtFOSAA - 8.7 1.7
Confirmatory 583.9—5482.9
FOSA Primary 497.9-577.9 9.8 NA
MPFBA Primary 21751721 3.67 NA
MPFHXxA Primary 315270 5.54 NA
MPFHXxS Primary 402.9-84.1 7.39 NA
MPFOA Primary 417372 7.11 NA
MPFNA Primary 467.9—423 7.81 NA
MPFOS Primary 502.9—-80.1 8.78 NA
MPFDA Primary 514.9—-470 8.45 NA
MPFUNA Primary 564.9—-519.9 9.05 NA
MPFDoA Primary 614.9—5569.9 9.61 NA
M4:2 FTS Primary 329309 52 NA
M6:2 FTS Primary 429—>408.9 6.7 NA
M8:2 FTS Primary 528.9—508.9 8 NA
MNMeFOSAA Primary 572.9-419 8.4 NA
MNEtFOSAA Primary 588.95419 8.7 NA
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Table 7. Gradient Conditions for Liguid Chromatography
% Solvent Line A % Solvent Line B % Solvent Line C
. . Flow . o o 400mM Ammonium Acetate
Time (min) (mL/min) 95% Water : 5% Acetonitrile Acetonitrile (95% Water : 5% Acetonitrile)
0 0.3 95 0 5
1 0.3 75 20 5
0.3 50 45 5
13 0.3 15 80 5
14 0.4 0 95 5
17 0.4 0 95 5
18 0.4 95 0 5
21 0.4 95 0 5
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Table 8. Variable Mass Spectrometer Parameters Depending on Analyte
Cone Collision
Analyte Primary/Confirmatory MRM Transition V) Energy
(eV)
Primary 712.9—668.9 20 13
PFTreA
Confirmatory 712.9-169 20 30
Primary 662.9—618.9 25 12
PFTriA
Confirmatory 662.9—169 25 28
Primary 612.9—568.9 10 12
PFDoA
Confirmatory 612.9>169 10 25
Primary 562.9—519 15 10
PFUnA
Confirmatory 562.9—269 15 18
Primary 512.9—468.9 20 10
PFDA
Confirmatory 512.9-»219 20 16
Primary 598.9—-79.9 15 45
PFDS -
Confirmatory 598.998.9 15 45
Primary 498.9—80.1 10 42
PFOS
Confirmatory 498.9-599.1 10 40
Primary 462.9—418.9 20 10
PFNA
Confirmatory 462.9—-219 20 16
Primary 548.9— 79.9 15 42
PFNS
Confirmatory 548.9— 98.9 15 42
Primary 412.9—369 20 10
PFOA
Confirmatory 412.9-169 20 16
Primary 448.9— 79.9 15 38
PFHpS
Confirmatory 448.9— 98.9 15 36
Primary 398.9-80.1 15 32
PFHxS
Confirmatory 398.9-99.1 15 32
Primary 362.9—319 15 10
PFHpA
Confirmatory 362.9—169 15 15
Primary 312.9-269 15 8
PFHXA
Confirmatory 312.9-119.1 15 18
Primary 298.9—-80.1 10 30
PFBS
Confirmatory 298.9-99.1 10 25
PFPeA Primary 263—219 10 8
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Cone Collision
Analyte Primary/Confirmatory MRM Transition V) Energy
(eV)
Primary 348.9— 79.9 15 34
PFPeS
Confirmatory 348.9—98.9 15 30
PFBA Primary 212.9-169 10 8
Primary 327 — 307 10 20
4:2FTS
Confirmatory 327— 80.9 10 24
Primary 427— 406.9 10 22
6:2 FTS
Confirmatory 427— 80.9 10 30
Primary 526.9—-506.9 10 26
8:2FTS
Confirmatory 526.9—80.9 10 34
Primary 569.9—>419 15 20
N-MeFOSAA
Confirmatory 569.9—482.9 15 16
Primary 583.9419 15 20
N-EtFOSAA
Confirmatory 583.9—5482.9 15 16
FOSA Primary 497.9-77.9 15 28
MPFBA Primary 2171721 10 7
MPFHXxA Primary 315270 15 8
MPFHxS Primary 402.9-84.1 15 34
MPFOA Primary 417372 15 10
MPFNA Primary 467.9—423 15 9
MPFOS Primary 502.9—-80.1 15 40
MPFDA Primary 514.9—-470 15 10
MPFUNA Primary 564.9—-519.9 15 10
MPFDoA Primary 614.9—5569.9 15 12
M 4:2 FTS Primary 329309 20 10
M 6:2 FTS Primary 429—-408.9 10 22
M 8:2 FTS Primary 528.9—508.9 10 26
M NMeFOSAA Primary 572.9-419 15 20
M NEtFOSAA Primary 588.95419 15 20
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Table 9. MDL Study*
Spike Mean Mean Star)dqrd MDL
Analyte Conc. Conc. Recovery | RSD (%) | Deviation (ng/L)
(ng/L) (ng/L) (%) (ng/L)

PFTreA 6 7.64 127 5.61 0.43 1.2
PFTriA 6 7.97 133 3.2 0.26 0.7
PFDoA 6 7.10 118 5.56 0.40 1.2
PFUNA 6 7.40 123 5.38 0.40 1.2
PFDA 6 7.12 119 6.69 0.48 1.4
PFDS 6 5.82 97 12.9 0.75 2.2
PFOS 6 6.64 111 115 0.77 2.2
PFNA 6 6.64 111 5.66 0.38 1.1
PFNS 6 5.80 96.7 8.12 0.47 1.4
PFOA 6 7.25 121 8.12 0.59 1.7
PFHpS 6 5.46 90.9 15.6 0.85 25
PFHXxS 6 6.58 110 6.49 0.43 1.2
PFHpA 6 6.28 90.3 6.28 0.34 1.0
PFHXA 6 5.22 87 13.4 0.70 2.0
PFBS 6 6.50 108 4.16 0.27 0.8
PFPeS 6 6.83 114 6.34 0.43 1.3
PFPeA 30 31.60 105 5.07 1.61 4.6
PFBA 30 34.60 115 458 1.59 4.6
FOSA 6 7.17 119 7.73 0.55 1.6
4:2 FTS 6 6.35 106 8.21 0.52 15
6:2 FTS 6 5.89 98.2 9.6 0.57 1.6
8:2FTS 6 5.70 94.9 16.6 0.95 2.7
NEtFOSAA 6 7.54 126 4.98 0.38 1.1
NMeFOSAA 6 6.93 116 9.39 0.64 1.9

*MDL values are reported below the reporting limit and lowest point of the calibration curve; they are estimated concentrations
because they are not bracketed by calibration points.

MDLs were determined from the IDOC performed on LC/MS/MS #3 analyzed in August 2016 (LIMS work order # 1701020,
Qualtrax workflow ID #9595). This SOP is for use with LC/MS/MS #2 and #3.
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Tables 10a-d. P&A Study in Sewage Treatment Plant | Effluent

Table 10a. Precision and accuracy study for PFACs in Sewage Treatment Plant | (Effluent Sample)

Treatment Plant | (Effluent Sample)
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA | PFTriA | PFDoA | PFUnA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Unspiked 1 <RL 11.62 <RL <RL <RL <RL 11.48 <RL <RL <RL <RL
Unspiked 2 <RL <RL <RL <RL <RL <RL 11.16 <RL <RL <RL <RL
P&A1 175.7 139.5 147.7 145.4 143.8 1425 | 1394 98.8 96.7 673.3 | 510.8
P&A2 177.6 1435 149.1 145.4 144.7 138.6 | 136.0 99.8 99.6 680.8 | 549.8
P&A3 169.2 141.9 142.1 143.2 138.0 138.8 | 1343 98.4 96.4 6725 | 5173
P&A4 158.1 137.3 147.4 141.8 138.9 1349 | 1347 97.7 95.4 668.0 | 501.0
Average
Conc. 170.2 140.5 146.6 143.9 141.3 138.7 | 136.1 98.7 97.0 673.6 | 519.7
(ng/L)
%
Average 106.4 87.8 91.6 90.0 88.3 86.7 85.1 61.7 60.6 84.2 65.0
Recovery
Standard 8.8 2.7 3.1 18 3.4 3.1 2.3 0.9 18 53 | 211
Deviation
RSD (%) 5.2 1.9 21 1.2 2.4 2.3 1.7 0.9 1.8 0.8 4.1

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL.

Table 10b. Precision and accuracy study for PFAS in Sewage Treatment Plant | (Effluent Sample)

Treatment Plant | (Effluent Sample)

Sample Measured ng/L from 160 ng/L spike

PFBS PFHxS PFOS
Unspiked 1 10.94 <RL 14

Unspiked 2 8.96* <RL 11.86

P&AIL 140.1 146.3 144.2

P&A2 142.0 156.5 140.9

P&A3 1308 145.2 136.7

P&AL 1425 1487 1393

Average Conc. (ng/L) 138.8 149.2 1403
% Average Recovery 86.8 93.2 87.7
Standard Deviation 5.4 5.1 3.1
RSD (%) 3.9 3.4 2.2

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL.
*Slightly below Reporting Limit






Title . CRL Document # Version #
OMO021 OSRTI PFCs in Water OMO21 1
Effective Date 3/21/2017 11:02:26 AM Stas Page 54 of 68
Published

Table 10c. Precision and accuracy study for PFCs in Sewage Treatment Plant IV (Effluent Sample)

Stickney, IL POTW (Effluent Sample)
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L spike)
PFTreA PFTriA PFDoA PFUnA PFDA PFNA PFOA PFHpA PFHxA PFPeA PFBA
Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 137 146 151 146 147 149 155 141 141 673 416
Spiked 2 127 131 137 137 132 135 141 127 134 628 347
Spiked 3 130 144 145 141 143 145 149 137 137 638 331
Spiked 4 134 142 144 144 146 148 146 141 142 677 368
Spiked 5 125 141 143 146 144 147 148 140 140 673 436
Spiked 6 142 145 147 149 146 146 146 137 142 674 372
Average Recowvery (ng/L) 132 142 145 144 143 145 148 137 139 661 378
% Average Recovery 82.7 88.5 90.3 89.8 89.4 90.7 92.2 85.8 87.0 82.6 47.3
Standard Deviation 6.29 5.36 4.85 4.08 5.72 5.02 4.46 5.34 3.22 21.7 40.2
RSD (%) 4.75 3.79 3.36 2.84 4.00 3.46 3.02 3.89 231 3.28 10.6
Table 10d. Precision and accuracy study for PFCs in Sewage Treatment Plant IV (Effluent Sample)
Stickney, ILPOTW (Effluent Sample)
Sample Measured ng/L from 160 ng/L spike
PFBS PFHxS PFOS PFDS PFNS PFHpS PFPeS FOSA 4:2FTS 6:2 FTS 8:2FTS N-ET FOSAA N-MeFOSAA
Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 138 147 146 151 148 142 143 150 141 147 159 158 153
Spiked 2 127 134 140 144 146 142 139 146 133 141 148 150 143
Spiked 3 134 142 148 143 144 143 133 143 134 139 151 151 148
Spiked 4 140 143 150 151 153 148 144 152 146 149 155 159 151
Spiked 5 136 146 147 151 149 146 140 151 139 141 154 154 150
Spiked 6 140 142 149 149 151 151 141 148 140 145 167 148 158
Average Recovery (ng/L) 136 142 147 148 148 145 140 148 139 144 156 153 150
% Average Recovery 84.7 88.8 91.7 92.7 92.8 90.8 875 92.7 86.8 89.8 97.2 95.8 94.0
Standard Deviation 4.98 4.74 3.76 359 3.30 351 3.81 341 4.78 3.96 6.48 4.75 4.93
RSD (%) 3.67 333 2.56 242 222 242 272 2.30 3.44 2.76 4.17 3.10 3.28
Tables 11a-d. P&A Study in Sewage Treatment Plant | Influent
Table 11a. Precision and accuracy study for PFACs in Sewage Treatment Plant I (Influent Sample)
Treatment Plant | (Influent Sample)
Sample P&A Data (160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA PFTriA | PFDoA | PFUnA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Unspiked 1 <RL <RL <RL <RL <RL <RL <RL <RL <RL <RL <RL
Unspiked 2 <RL <RL <RL <RL <RL | <RL | <RL <RL <RL <RL <RL
P&A1 180.4 156.4 146.6 146.7 144.0 143.3 144.6 98.0 93.9 648.6 511.2
P&A2 167.2 153.4 140.8 141.0 141.8 139.0 142.2 96.8 91.4 629.6 497.7
P&A3 186.3 157.3 148.7 146.6 143.1 143.6 144.8 97.4 93.8 639.9 509.4
P&A4 166.9 156.5 145.3 148.6 144.4 146.8 144.9 97.7 93.7 651.1 516.8
Average 175.2 155.9 1454 | 1457 | 1433 | 1432 | 1441 | 975 93.2 642.3 | 508.8
Conc. (ng/L)
o)
Yo Average | 1595 97.4 908 | 911 | 896 | 895 | 901 | 609 | 583 | 803 | 636
Recovery
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Treatment Plant | (Influent Sample)

Sample P&A Data (160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA PFTriA | PFDoA | PFUNA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Standard 97 17 33 33 12 32 13 05 1.2 9.8 8.0
Deviation
RSD (%) 55 1.1 2.3 2.2 0.8 2.2 0.9 0.5 1.3 15 1.6

Table 11b. Precision and accuracy study for PFAS in Sewage Treatment Plant | (Influent Sample)

Treatment Plant | (Influent Sample)
Sample Measured ng/L from 160 ng/L spike
PFBS PFHXS PFOS
Unspiked 1 <RL <RL 124.4
Unspiked 2 <RL <RL 145.9
P&AL 146.7 152.4 53.8
P&A2 144.6 157.3 453
P&A3 139.9 145.9 44.7
P&A4 1475 157.6 57.1
Average Conc. (ng/L) 144.7 153.3 50.2
% Average Recovery 90.4 05.8 31.4
Standard Deviation 3.4 55 6.2
RSD (%) 2.4 3.6 12.3

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL.

Table 11c. Precision and accuracy study for PFCs in Sewage Treatment Plant IV (Influent Sample)

Stickney, ILPOTW (Influent Sample)
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L spike)
PFTreA PFTriA PFDoA PFUNRA PFDA PFNA PFOA PFHpA PFHXA PFPeA PFBA

Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 133 143 146 142 150 146 158 141 150 648 378
Spiked 2 129 138 142 142 150 148 155 144 152 649 390
Spiked 3 125 142 147 149 157 153 164 148 161 666 410
Spiked 4 131 139 143 140 148 146 156 136 148 615 337
Spiked 5 134 150 152 158 162 162 171 153 165 678 413
Spiked 6 132 141 144 146 152 150 161 139 150 633 345
Average Recowery (ng/L) 131 142 146 146 153 151 161 144 154 648 379
% Average Recovery 817 88.9 91.1 91.3 95.8 94.3 101 89.8 96.5 81.0 473
Standard Deviation 3.19 4.12 3.61 6.63 5.19 6.11 5.98 6.25 6.94 224 320
RSD (%) 244 2.90 248 4.54 3.39 4.05 372 4.35 4.50 3.45 8.46
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Table 11d. Precision and accuracy study for PFCs in Sewage Treatment Plant IV (Influent Sample)

Sample

Stickney, ILPOTW (Influent Sample)
Measured ng/L from 160 ng/L spike

PFBS

PFHxS

PFOS

PFDS

PENS

PFHpS

PFPeS FOSA 4:2 FTS

6:2 FTS

8:2 FTS N-ET FOSAA

N-MeFO.

SAA

Unspiked 1

ND

ND

ND

ND

ND

ND

ND

ND

ND

17.8

ND

ND

ND

Unspiked 2

ND

ND

ND

ND

ND

ND

ND

ND

ND

18.2

ND

ND

ND

Spiked 1

139

146

150

144

143

140

140

128

153

146

149

154

153

Spiked 2

144

141

152

143

150

142

143

128

151

145

162

153

157

Spiked 3

152

153

158

139

148

149

145

130

156

146

164

156

155

Spiked 4

138

143

141

146

142

145

136

127

150

143

155

145

155

Spiked 5

156

153

158

149

151

151

151

132

167

158

163

163

163

Spiked 6

140

148

154

146

147

145

143

126

148

142

151

152

159

Awerage Recovery (ng/L)

145

147

152

144

147

145

143

129

154

146

157

154

157

% Average Recovery

90.5

92.1

95.1

90.3

91.8

90.8

89.4

80.4

96.4

915

98.4

96.2

98.0

Standard Deviation

7.30

4.86

6.13

3.59

3.63

4.03

4.80

2.10

6.82

5.87

6.42

571

357

RSD (%)

5.05

3.30

4.03

2.48

2.47

2.78

3.35

1.63

4.42

4.01

4.08

3.71

2.28

Tables 12a-d. P&A Study in Chicago River Water

Table 12a. Precision and accuracy study for PFACs in Chicago River Water

Chicago River Water
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA | PFTriA | PFDoA | PFUNA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Unspiked 1 <RL <RL <RL <RL <RL <RL | 1144 <RL 9.54* <RL <RL
Unspiked 2 <RL <RL <RL <RL | <RL | <RL | 114 | <RL 95% | <RL <RL
P&AL 142.0 1464 | 1491 | 1457 | 1425 | 1469 | 1454 | 965 895 | 6911 | 5174
P&A2 143.8 149.7 | 1575 | 150.6 | 153.0 | 154.9 | 1475 | 1005 | 914 | 7084 | 5304
P&A3 138.0 1446 | 1479 | 147.8 | 1500 | 152.8 | 1364 | 99.1 907 | 6977 | 5519
P&AA 147.7 1434 | 1526 | 1493 | 1509 | 1475 | 1374 | 987 894 | 6817 | 5354
P&AS 160.7 160.7 | 1537 | 1491 | 1457 | 153.2 | 1458 | 1023 | 907 | 7063 | 547.8
P&AG 150.6 1447 | 1485 | 1422 | 1395 | 1444 | 1354 | 97.1 878 | 6951 | 529.1
c é?}‘éezﬁgj’u 147.1 1483 | 1516 | 1475 | 1469 | 1500 | 141.3 | 99.0 899 | 6967 | 5353
% Average 92.0 92.7 94.7 922 | 918 | 937 | 883 | 619 56.2 87.1 66.9
Recovery
gf\‘/ri‘gggﬂ 8.0 6.5 3.7 3.1 5.3 42 5.5 2.2 1.3 9.9 12.7
RSD (%) 5.4 4.4 25 2.1 36 2.8 3.9 2.2 1.4 1.4 2.4

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL.
*Slightly below Reporting Limit

Table 12b. Precision and accuracy study for PFAS in Chicago River Water
Chicago River Water

Measured ng/L from 160 ng/L spike

Sample
PFBS PFHXxS PFOS
Unspiked 1 <RL <RL 10.34
Unspiked 2 <RL <RL 11.9
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Chicago River Water
Sample Measured ng/L from 160 ng/L spike
PFBS PFHXxS PFOS
P&AL 142.2 147.9 146.1
P&A2 146.0 150.7 137.1
P&A3 138.2 147.8 132.6
P&A4 138.3 1395 143.6
P&A5 140.0 146.6 145.4
P&AB 153.7 145.0 136.4
Average Conc. (ng/L) 143.1 146.3 140.2
% Average Recovery 89.4 914 87.6
Standard Deviation 6.0 3.8 5.6
RSD (%) 4.2 2.6 4.0
NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL.
Table 12c. Precision and accuracy study for PFCs in Chicago River Water 11
Chicago River Water
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L spike)
PFTreA PFTriA PFDoA PFUNA PFDA PFNA PFOA PFHpA PFHxA PFPeA PFBA
Unspiked 1 ND ND ND ND ND ND ND ND 10.4 ND ND
Unspiked 2 ND ND ND ND ND ND 10.1 ND 11.2 ND ND
Spiked 1 149 161 155 151 147 147 138 147 145 764 538
Spiked 2 159 165 162 156 158 158 148 153 152 772 561
Spiked 3 165 172 162 160 155 162 147 157 154 751 575
Spiked 4 162 168 160 157 154 157 146 152 146 767 500
Spiked 5 160 164 160 152 158 156 139 154 146 752 542
Spiked 6 167 170 164 157 157 157 152 153 148 764 561
Awerage Recowvery (ng/L) 160 167 161 155 155 156 145 153 149 762 546
% Average Recovery 100 104 100 97.1 96.8 97.6 90.6 95.5 92.9 95.2 68.3
Standard Deviation 6.49 4.28 311 3.36 4.36 4.95 511 3.31 3.70 8.27 26.3
RSD (%) 4.04 2.57 1.94 2.16 2.81 3.17 3.52 2.16 2.49 1.09 4.82
Table 12d. Precision and accuracy study for PFCs in Chicago River Water Il
Chicago River Water
Sample Measured ng/L from 160 ng/L spike
PFBS PFHxS PFOS PFDS PFNS PFHpS PFPeS FOSA 4:2FTS 6:2FTS 8:2FTS N-ET FOSAA N-MeFOSAA
Unspiked 1 ND ND 139 ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND 16.1 ND ND ND ND ND ND ND ND ND ND
Spiked 1 143 165 157 172 164 166 160 150 155 150 172 167 157
Spiked 2 152 170 162 177 176 167 162 150 158 170 172 179 163
Spiked 3 155 165 163 178 172 170 163 151 160 165 172 163 158
Spiked 4 150 167 169 175 172 170 165 148 153 160 170 163 156
Spiked 5 146 161 162 172 168 165 160 147 153 164 172 17 157
Spiked 6 150 163 169 176 170 165 161 153 154 167 175 173 157
Awerage Recovery (ng/L) 149 165 163 175 170 167 162 150 156 163 172 169 158
% Average Recovery 93.4 103 102 109 106 104 101 93.6 97.2 102 108 106 98.6
Standard Deviation 4.09 3.25 4.56 2.28 3.97 2.39 1.86 2.13 2.85 7.17 1.76 6.32 2.62
RSD (%) 2.74 1.97 2.79 1.30 2.33 1.43 1.15 1.42 1.83 4.40 1.02 3.73 1.66
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Tables 13a-b. P&A Study in Sewage Treatment Plant |1 (Effluent with Supplemental
Sewage)

Table 13a. Precision and accuracy study for PFCs in Sewage Treatment Plant Il (Effluent with
Supplemental Sewage)

Treatment Plant Il (Effluent with Supplemental Sewage)

Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA | PFTriA | PFDOA | PFUNA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Unspiked 1 13.1 9.7% 40.1 266 | 606 | 262 | 308 | <RL 93* | <RL <RL
Unspiked 2 12.8 10.6 39.7 24.8 55.9 271.7 335 <RL 10.6 <RL <RL
P&AL 181.9 1600 | 1655 | 1563 | 1402 | 139.3 | 136.1 | 987 850 | 6689 | 552.8
P&A2 1718 1543 | 1658 | 149.1 | 1323 | 139.1 | 1365 | 1008 | 882 | 657.7 | 537.3
P&A3 155.0 1493 | 1530 | 1448 | 137.1 | 1369 | 1339 | 956 851 | 6463 | 543.9
P&A4 144.1 1478 | 1540 | 1440 | 1430 | 138.1 | 136.2 | 984 857 | 6440 | 540.1
P&AS 153.7 1460 | 1509 | 142.8 | 133.0 | 1344 | 1232 | 942 823 | 6234 | 5339
P&AB 160.6 164.8 | 1712 | 161.8 | 1570 | 151.7 | 149.2 | 107.6 | 942 | 6955 | 579.4
c é?}‘éezf]gj’l_) 161.2 153.7 | 1601 | 149.8 | 1404 | 139.9 | 1358 | 99.2 867 | 6560 | 547.9
YoAverage | 1507 | 951 | 1000 | 936 | 878 | 875 | 849 | 620 | 542 | 820 68.5
Recovery
gg;gg;ﬂ 13.7 7.4 8.5 7.7 9.1 6.0 8.3 4.7 4.1 24.6 16.7
RSD (%) 8.5 48 5.3 5.1 6.5 43 6.1 4.8 47 3.8 3.1

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL. The samples
were extracted under basic conditions.
*Slightly below Reporting Limit

Table 13b. Precision and accuracy study for PFAS in Sewage Treatment Plant Il (Effluent with
Supplemental Sewage)

Treatment Plant Il (Effluent with Supplemental Sewage)

Sample Measured ng/L from 160 ng/L spike
PFBS PFHXS PFOS
Unspiked 1 <RL <RL 162.7
Unspiked 2 9.6* <RL 156.1
P&AL 143.8 147.6 151.9
P&A2 140.6 154.9 136.3
P&A3 137.0 151.0 131.3
P&A4 145.7 147.0 255.0
P&AS 132.1 145.2 116.9
P&A6 152.1 162.2 161.7
Average Conc. (ng/L) 141.9 151.3 158.8
% Average Recovery 88.7 94.6 99.3
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Treatment Plant |1 (Effluent with Supplemental Sewage)

Sample Measured ng/L from 160 ng/L spike
PFBS PFHXS PFOS
Standard Deviation 7.0 6.3 49.7
RSD (%) 4.9 4.2 313

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL. The samples
were extracted under basic conditions.
*Slightly below Reporting Limit

Tables 14a-b. P&A Study in Sewage Treatment Plant 111 (Effluent with Supplemental

Sewage)

Table 14a. Precision and accuracy study for PFACs in Sewage Treatment Plant 111 (Effluent with

Supplemental Sewage)

Treatment Plant 111 (Effluent with Supplemental Sewage)
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L)
PFTreA | PFTriA | PFDoA | PFUNA | PFDA | PFNA | PFOA | PFHpA | PFHXA | PFPeA | PFBA
Unspiked 1 13.1 19.7 1046 | 441 | 1624 | 230 | 610 | <RL 192 | 618 | 6869.2
Unspiked 2 12.8 13.3 713 315 | 1281 | 217 | 614 | <RL 173 | 642 | 7069.8
P&AL 136.0 138.6 | 1449 | 1410 | 1279 | 1355 | 1383 | 94.0 824 | 6334 | 5725
P&A2 134.3 140.6 | 1559 | 1460 | 1495 | 1353 | 1404 | 99.4 862 | 6288 | 10139
P&A3 123.1 1322 | 1274 | 1456 | 1125 | 1433 | 137.9 | 1028 | 945 | 6785 | 13635
P&AL 142.8 1420 | 1538 | 1447 | 1428 | 1452 | 137.1 | 1020 | 866 | 6362 | 8743
P&AS 151.8 1413 | 1493 | 1517 | 1446 | 1505 | 151.6 | 1043 | 952 | 6752 | 11553
P&AG 163.5 1493 | 1528 | 1482 | 1374 | 1411 | 1395 | 1015 | 888 | 658.8 | 12435
c é?}‘f?’;‘]gj’u 141.9 1407 | 1474 | 1462 | 1358 | 141.8 | 1408 | 100.7 | 889 | 6518 | 1037.2
% Average 88.7 87.9 92.1 914 | 849 | 886 | 880 | 629 55.6 815 129.6
Recovery
gf\‘/ri‘gggﬂ 14.2 5.5 105 3.6 136 | 59 5.4 36 5.0 22.0 285.0
RSD (%) 10.0 3.9 7.1 2.4 100 | 41 3.9 36 5.6 3.4 275

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL. The samples
were extracted under basic conditions.

Table 14b. Precision and accuracy study for PFAS in Sewage Treatment Plant 111 (Effluent with

Supplemental Sewage)

Treatment Plant 111 (Effluent with Supplemental Sewage)

Sample Measured ng/L from 160 ng/L spike
PFBS PFHXS PFOS
Unspiked 1 20.7 <RL 222.3
Unsoiked 2 241 <RL 175.6
P&A1 140.0 147.3 130.7
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Treatment Plant 111 (Effluent with Supplemental Sewage)
Sample Measured ng/L from 160 ng/L spike

PFBS PFHxS PFOS

P&A2 138.0 138.2 145.2

P&A3 149.5 151.2 107.9

P&AL 138.9 1545 1271

P&AS 1535 157.5 1475

P&AG 1438 156.0 150.9
Average Conc. (ng/L) 143.9 150.8 134.9
% Average Recovery 90.0 94.2 84.3
Standard Deviation 63 72 16.3
RSD (%) 4.4 4.8 12.1

NOTE: P&A concentration for each analyte are values after subtracting average of the Unspiked samples if > RL. The samples were
extracted under basic conditions.

Tables 15a-b. P&A Study in Lake Water

Table 15a. Precision and accuracy study for PFCs in Lake Water

Lake Michicgan Water
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L spike)
PFTreA PFTriA PFDoA PFUNA PFDA PFNA PFOA PFHpA PFHxXA PFPeA PFBA

Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 160 164 162 154 156 158 155 152 155 728 566
Spiked 2 160 155 160 151 152 155 144 144 145 642 398
Spiked 3 159 160 154 155 149 157 153 148 151 701 521
Spiked 4 161 160 156 146 144 151 142 143 145 680 510
Spiked 5 152 155 158 147 148 155 146 145 145 698 540
Spiked 6 159 162 160 154 150 153 148 149 137 589 359
Average Recowery (ng/L) 159 159 158 151 150 155 148 147 146 673 482
% Average Recovery 99.1 99.6 98.8 94.4 93.6 96.8 92.5 91.8 91.5 84.1 60.3
Standard Deviation 3.14 3.69 3.05 3.64 3.91 2.68 4.82 3.57 6.07 50.1 83.4
RSD (%) 1.98 2.32 1.93 241 261 1.73 325 2.43 4.15 7.45 17.3

Table 15b. Precision and accuracy study for PFCs in Lake Water

Lake Michigan Water
Sample Measured ng/L from 160 ng/L spike
PFBS PFHxS PFOS PFDS PFNS PFHpS PFPeS FOSA 4:2FTS 6:2FTS 8:2FTS N-ET FOSAA N-MeFOSAA

Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 150 164 174 176 167 169 161 155 161 168 184 184 164
Spiked 2 136 159 164 172 172 168 148 153 150 167 172 170 159
Spiked 3 139 166 165 171 170 168 160 152 154 166 173 167 163
Spiked 4 137 158 158 172 170 162 157 153 155 166 168 173 157
Spiked 5 141 158 162 167 166 158 155 151 154 155 159 166 151
Spiked 6 134 158 166 172 173 163 151 148 147 157 179 178 157
Awerage Recovery (ng/L) 140 160 165 172 170 165 155 152 153 163 173 173 159
% Average Recovery 87.3 100 103 107 106 103 97.0 94.9 95.7 102 108 108 99.1
Standard Deviation 579 3.54 5.30 2.85 2.55 437 4.95 2.31 4.65 5.79 8.68 6.92 4.72
RSD (%) 4.15 221 3.22 1.66 1.50 2.66 3.19 152 3.04 3.56 5.03 4.00 2.98
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Tables 16a-b. P&A Study in Ground Water
Table 16a. Precision and accuracy study for PFCs in Ground Water
Homer Glen, IL Ground Water
Sample Measured ng/L from 160 ng/L spike for all PFCAs except PFBA and PFPeA (800 ng/L spike)
PFTreA | PFTriA PFDoA PFUNA PFDA PFNA PFOA PFHpA | PFHXA | PFPeA PFBA
Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 155 165 161 156 158 157 149 151 160 772 543
Spiked 2 148 155 153 149 148 153 142 149 152 748 530
Spiked 3 146 153 154 148 147 155 149 148 152 737 537
Spiked 4 147 153 152 146 145 152 140 143 153 735 466
Spiked 5 149 154 156 149 150 154 148 148 153 742 531
Spiked 6 153 161 158 151 149 156 144 148 157 797 553
Average Recowvery (ng/L) 150 157 156 150 149 155 145 148 154 755 527
% Average Recovery 93.6 98.0 97.3 93.8 93.3 96.6 90.8 92.5 96.5 94.4 65.8
Standard Deviation 3.46 4.96 3.29 3.53 4.63 1.93 3.80 2.50 3.45 247 30.7
RSD (%) 231 3.16 212 2.35 3.10 1.25 2.62 1.69 224 3.27 5.83
Table 16b. Precision and accuracy study for PFCs in Ground Water
Homer Glen, IL Ground Water
Sample Measured ng/L from 160 ng/L spike
PFBS PFHxS PFOS PFDS PFNS PFHpS PFPeS FOSA | 42FTSs | 6:22FTS | 8:2FTS | N-ETFOSAA N-MeFOSAA
Unspiked 1 ND ND ND ND ND ND ND ND ND ND ND ND ND
Unspiked 2 ND ND ND ND ND ND ND ND ND ND ND ND ND
Spiked 1 163 160 168 171 165 165 160 150 160 163 175 170 161
Spiked 2 157 161 159 166 168 161 158 148 150 162 163 170 158
Spiked 3 157 157 162 162 165 160 152 144 150 152 162 164 151
Spiked 4 156 160 164 156 162 158 149 149 149 147 163 158 151
Spiked 5 158 161 163 165 166 169 155 148 154 157 168 171 160
Spiked 6 159 164 163 168 164 164 152 146 149 153 163 167 154
Average Recovery (ng/L) 158 160 163 165 165 163 155 148 152 156 166 167 156
% Average Recovery 98.9 100 102 103 103 102 96.6 92.3 95.0 97.3 104 104 97.4
Standard Deviation 2.61 227 2.84 5.11 2.02 4.06 4.18 2.12 4.44 6.07 4.88 4.85 4.45
RSD (%) 1.65 1.42 174 3.10 1.22 2.49 2.70 1.43 2.92 3.90 2.95 2.91 2.85

Tables 17a-j. Surrogate Recoveries for P&A Study

Table 17a. Surrogate recoveries for precision and accuracy study in Treatment Plant | (Effluent Sample)

Sample Treatment Plant | (Effluent Sample — 160 ng/L spike)
MPFBA | MPFHxA | MPFHxS MPFOA MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA
Unspiked 1 151.6 152.7 154.8 150.6 1475 158.1 158.1 157.2 161.9
Unspiked 2 139.0 147.4 145.7 143.4 148.8 152.3 149.3 154.5 157.0
P&AL 133.9 152.4 155.1 148.8 150.2 1514 151.2 154.7 155.2
P&A2 142.8 152.4 152.5 144.7 153.7 149.4 153.8 151.5 158.1
P&A3 136.3 149.2 149.5 147.0 149.4 148.5 1455 1514 153.6
P&A4 137.4 149.9 152.9 146.4 149.4 149.1 150.6 155.6 155.3
Average
Conc. 140.1 150.7 151.8 146.8 149.8 151.5 151.4 154.2 156.8
(ng/L)
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Treatment Plant | (Effluent Sample — 160 ng/L spike)
Sample
MPFBA | MPFHxA | MPFHxS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA
% Average 87.6 94.2 94.8 91.8 93.7 94.7 94.6 96.4 98.0
Recovery
Standard 6.3 2.2 3.6 2.6 2.1 3.6 4.3 2.3 2.9
Deviation
RSD (%) 45 1.4 2.4 1.8 1.4 2.4 2.8 15 1.9

Table 17b. Surrogate recoveries for precision and accuracy study in Sewage Treatment Plant | (Influent

Sample)
Sample Treatment Plant I (Influent Sample — 160 ng/L spike)
MPFBA | MPFHXA | MPFHxS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA
Unspiked 1 131.1 146.6 151.4 148.2 147.8 153.9 148.2 148.1 151.2
Unspiked 2 134.5 144.8 149.6 143.0 148.1 151.6 149.8 147.1 149.3
P&A1 138.5 150.3 151.2 150.4 152.0 157.1 150.8 151.1 151.2
P&A2 141.5 143.8 150.0 150.4 152.7 154.6 152.1 150.3 151.0
P&A3 142.6 150.8 153.1 148.1 147.4 160.4 154.0 153.2 157.0
P&A4 140.5 149.9 158.3 153.5 151.1 158.8 154.8 154.6 155.8
Average
Conc. 138.1 147.7 152.3 148.9 149.8 156.1 151.6 150.7 152.6
(ng/L)
Yo Average | g o 923 95.2 93.1 93.7 975 94.8 94.2 95.4
Recovery
Standard 45 3.0 3.2 35 2.4 33 25 2.9 31
Deviation
RSD (%) 3.2 2.1 21 24 1.6 2.1 1.7 1.9 2.0
Table 17c. Surrogate recoveries for precision and accuracy study in Chicago River Water
Chicago River Water - 160 ng/L spike
Sample
MPFBA | MPFHXA | MPFHxS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA
Unspiked 1 148.0 167.4 169.9 166.7 160.0 169.8 164.6 167.2 171.0
Unspiked 2 148.2 159.3 164.2 152.1 156.4 159.8 157.6 158.8 162.0
P&A 1 148.5 169.1 173.1 164.2 166.3 172.3 167.8 167.2 170.9
P&A 2 148.6 158.3 155.1 157.6 156.7 152.6 157.8 165.3 160.7
P&A3 144.0 154.7 154.2 152.3 156.3 149.5 159.6 159.3 154.7
P&A 4 134.4 157.4 154.6 153.7 147.5 150.4 152.6 154.2 156.4
P&A 5 144.7 159.5 158.3 156.0 159.8 156.7 153.6 162.3 158.4
P&A 6 151.6 167.4 168.7 165.0 163.2 165.8 164.6 168.6 168.2
Average Conc. (ng/L) 146.0 161.6 162.3 158.5 158.3 159.6 159.8 162.9 162.8
% Average Recovery 91.3 101.0 101.4 99.0 98.9 99.8 99.9 101.8 101.7
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s | Chicago River Water - 160 ng/L spike
amp'e MPFBA | MPFHxA | MPFHxS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA
Standard Deviation 5.3 55 1.7 6.0 5.6 8.8 5.5 5.1 6.5
RSD (%) 36 3.4 47 3.8 35 55 3.4 3.1 4.0

Table 17d. Surrogate recoveries for precision and accuracy study in Sewage Treatment Plant Il (Effluent
with Supplemental Sewage)

sample Treatment Plant 11 (Effluent with Supplemental Sewage — 160 ng/L spike)
MPFBA | MPFHXA | MPFHXS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUNA | MPFDoA
Unspiked 1 | 143.0 148.9 153.1 149.5 156.7 161.5 157.2 165.8 176.2
Unspiked 2 | 1495 152.8 160.7 159.1 161.0 163.7 160.6 166.2 175.0
P&AL 138.7 1455 150.3 148.6 151.1 158.8 151.2 158.3 175.2
P&A2 132.4 142.3 151.9 144.4 152.0 152.1 148.7 156.4 167.7
P&A3 127.3 137.4 150.4 141.6 144.8 146.5 150.4 150.1 163.5
P&A4 131.1 142.3 143.6 139.1 145.3 147.2 144.3 155.0 167.0
P&AS 128.4 136.3 1485 140.7 143.7 1455 144.9 152.7 165.2
P&AB 1415 145.4 157.8 150.5 158.2 159.8 155.5 166.5 170.8
Average
Conc. 136.5 143.9 152.1 146.7 151.6 154.4 151.6 158.9 170.1
(ng/L)
% Average | g o 89.9 95.0 91.7 94.7 96.5 94.8 99.3 106.3
Recovery
Standard 7.9 55 5.3 6.6 6.6 74 5.8 6.5 4.9
RSD (%) 5.8 3.8 35 45 4.4 48 3.8 4.1 2.9

Table 17e. Surrogate recoveries for precision and accuracy study in Sewage Treatment Plant 111 (Effluent
with Supplemental Sewage)

sample Treatment Plant 111 (Effluent with Supplemental Sewage — 160 ng/L spike)
MPFBA MPFHxA | MPFHXS | MPFOA MPENA MPFOS | MPFDA MPFUnA | MPFDoA

Unspiked 1 136.1 144.9 147.7 149.4 151.2 152.6 150.8 162.4 170.5
Unspiked 2 1425 146.6 150.2 144.6 150.1 155.9 149.1 150.6 163.7

P&AL 134.3 141.7 143.1 1475 147.1 150.2 143.9 156.4 162.8

P&A2 134.2 1445 143.7 147.3 146.3 147.7 147.9 152.6 165.3

P&A3 146.5 149.8 152.7 151.4 158.6 155.8 155.3 164.0 162.1

P&A4 134.9 146.9 150.2 141.7 147.7 1515 147.9 157.9 164.3

P&AS5 148.9 152.7 159.3 155.4 163.8 163.4 155.4 164.6 170.6

P&A6 142.2 145.3 147.6 147.4 150.0 155.3 148.6 157.9 166.4
Average

(CI;]Z?E) 140.0 146.6 149.3 148.1 151.9 154.1 149.9 158.3 165.7
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Sample Treatment Plant 111 (Effluent with Supplemental Sewage — 160 ng/L spike)
MPFBA | MPFHXA | MPFHXS | MPFOA | MPFNA | MPFOS | MPFDA | MPFUnA | MPFDoA

0,
Yo Average | gg g 91.6 933 926 94.9 96.3 93.7 98.9 103.6
Recovery

Standard 5.9 3.4 5.2 4.1 6.2 4.8 3.9 5.1 3.3
Deviation

RSD (%) 4.2 2.3 35 2.8 4.1 3.1 2.6 3.2 2.0

Table 17f. Surrogate recoveries for precision and accuracy study in Sewage Treatment Plant IV (Effluent)

Sample Surrogates - Stickney, IL POTW (Effluent Sample — 160 ng/L spike)
MPFBA | MPFHxA MPFHxS MPFOA MPFNA MPFOS MPFDA | MPFUnA | MPFDOA | M4:2 FTS | M6:2 FTS M8:2 FTS MN-ET FOSAA | MN-MeFOSAA

Unspiked 1 81.2 147 154 149 149 149 149 152 151 135 148 151 163 157
Unspiked 2 85.9 144 149 148 145 145 142 142 142 128 136 147 154 145
Spiked 1 86.2 141 147 141 141 138 144 144 145 139 150 147 154 146
Spiked 2 80.6 140 146 143 138 141 141 143 142 132 148 142 151 148
Spiked 3 70.4 150 154 152 153 156 154 151 152 140 154 163 164 156
Spiked 4 76.9 143 147 147 147 145 144 144 145 134 147 160 155 149
Spiked 5 88.4 145 150 148 145 145 143 145 144 137 143 156 159 152
Spiked 6 78.6 146 147 149 141 144 148 145 147 136 150 163 151 151
Awverage Recovery (ng/L) 81.0 145 149 147 145 145 145 146 146 135 147 154 156 151
9% Awverage Recovery 50.6 90.4 93.3 92.0 90.6 90.9 90.9 91.0 912 84.6 91.8 96.1 97.6 94.1
Standard Deviation 5.88 3.14 3.36 3.60 4.72 5.40 4.27 3.67 3.86 3.78 5.23 8.03 5.14 4.18
RSD (%) 7.25 217 2.25 2.44 3.26 3.72 294 2.52 2.64 2.79 3.56 5.23 3.29 2.78

Table 17g. Surrogate recoveries for precision and accuracy study in Sewage Treatment Plant IV (Influent)

Sample Surrogates - Stickney, ILPOTW (Influent Sample — 160 ng/L spike)
MPFBA | MPFHxA MPFHxS MPFOA MPFNA MPFOS MPFDA | MPFUnA | MPFDOA | M4:2 FTS | M6:2 FTS M8:2 FTS MN-ET FOSAA | MN-MeFOSAA
Unspiked 1 72.4 149 151 148 148 148 152 145 146 134 144 148 154 157
Unspiked 2 715 148 152 151 153 149 156 152 149 147 147 156 155 162
Spiked 1 70.3 147 145 146 147 138 151 142 147 145 146 153 152 153
Spiked 2 739 151 153 151 148 145 153 145 144 151 149 149 157 158
Spiked 3 74.6 152 153 154 152 150 153 148 146 154 156 157 156 158
Spiked 4 66.6 141 144 144 143 140 148 143 145 137 148 155 149 154
Spiked 5 82.7 165 161 163 157 151 161 159 154 158 161 169 170 167
Spiked 6 67.5 149 147 148 151 146 150 145 144 147 146 148 156 153
Average Recovery (ng/L) 73.2 150 151 151 150 146 153 147 147 147 150 154 156 158
% Awverage Recovery 45.7 94.0 94.3 94.1 93.7 91.2 95.6 92.1 918 91.6 935 96.5 97.7 98.7
Standard Deviation 5.29 6.59 5.54 6.03 432 4.65 4.09 5.54 3.34 8.19 5.91 7.02 6.16 4.62
RSD (%) 7.22 4.38 3.67 4.01 2.88 3.19 2.67 3.76 2.27 5.59 3.95 4.55 3.94 2.92
Table 17h. Surrogate recoveries for precision and accuracy study in Ground Water
Sample Surrogates - Homer Glen, IL Ground Water (Ground Water Sample — 160 ng/L spike)
MPFBA | MPFHXA | MPFHXxS MPFOA MPFNA | MPFOS MPFDA | MPFUnA | MPFDOA | M4:2 FTS | M6:2 FTS M8:2 FTS MN-ET FOSAA | MN-MeFOSAA

Unspiked 1 119 156 163 155 156 171 154 159 155 156 153 160 176 166
Unspiked 2 113 155 164 154 154 170 160 158 158 158 164 172 171 170
Spiked 1 107 152 161 151 154 167 157 154 157 156 161 163 176 161
Spiked 2 116 152 167 154 153 172 157 158 158 162 161 185 177 167
Spiked 3 114 152 161 151 153 166 152 154 153 158 158 167 170 159
Spiked 4 104 147 158 151 147 164 150 151 151 156 153 167 165 155
Spiked 5 113 156 169 156 158 176 156 159 158 158 157 176 176 163
Spiked 6 113 154 159 158 156 173 156 154 157 160 158 170 180 166
Awverage Recovery (ng/L) 112 153 163 154 154 170 155 156 156 158 158 170 174 163
% Awverage Recovery 70.1 95.7 102 96.1 96.1 106 97.0 97.5 97.4 98.7 98.8 106 109 102
Standard Deviation 4.76 2.78 3.80 2.69 3.17 3.96 3.10 2.97 2.63 2.03 3.81 7.81 4.87 4.77
RSD (%) 4.24 1.82 2.33 175 2.06 2.33 2.00 1.90 1.69 1.28 2.41 4.59 2.80 2.92
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Table 17i. Surrogate recoveries for precision and accuracy study in Lake Water

s . Surrogates - Lake Michigan Water (Lake Water Sample — 160 ng/L spike)
ample
P MPFBA MPFHxXA MPFHXxS MPFOA MPENA MPFOS MPFDA | MPFUNA | MPFDoA | M4:2 FTS | M6:2 FTS M8:2 FTS MN-ET FOSAA | MN-MeFOSAA
Unspiked 1 107 148 158 150 152 169 157 154 158 150 155 168 182 167
Unspiked 2 112 158 173 161 162 183 164 163 165 155 163 167 192 175
Spiked 1 112 154 163 155 159 172 157 161 160 166 168 178 173 168
Spiked 2 81.3 151 162 154 156 171 160 158 159 155 166 171 176 169
Spiked 3 102 152 164 155 155 171 156 155 158 160 162 180 173 167
Spiked 4 106 148 164 156 156 174 157 160 163 159 164 179 179 164
Spiked 5 112 153 163 156 152 169 154 154 156 160 163 172 168 162
Spiked 6 711 137 155 149 148 167 145 150 155 148 154 164 182 165
Awerage Recowvery (ng/L) 100 150 163 155 155 172 156 157 159 157 162 172 178 167
% Average Recovery 62.8 93.8 102 96.6 96.9 107 97.7 97.9 99.5 97.8 101 108 111 104
Standard Deviation 15.6 6.19 5.04 373 431 4.96 5.44 441 3.27 5.80 477 6.05 7.33 4.04
RSD (%) 15.6 413 3.10 241 2.78 2.89 3.48 2.82 2.05 371 2.95 351 4.12 242
Table 17j. Surrogate recoveries for precision and accuracy study in River Water
s . Surrogates - Chicago River Water (River Water Sample — 160 ng/L spike)
ample
P MPFBA MPFHxXA MPFHXxS MPFOA MPENA MPFOS MPFDA | MPFUNA | MPFDoA | M4:2 FTS | M6:2 FTS M8:2 FTS MN-ET FOSAA | MN-MeFOSAA
Unspiked 1 121 153 164 161 158 174 157 157 161 160 156 167 175 167
Unspiked 2 115 157 167 155 157 177 161 158 157 158 152 168 173 168
Spiked 1 117 149 165 153 153 171 153 154 158 157 155 167 167 165
Spiked 2 121 154 169 157 160 177 156 161 159 165 172 178 177 162
Spiked 3 118 153 164 156 155 169 155 157 159 163 166 181 171 161
Spiked 4 107 152 158 154 149 168 155 160 157 154 156 173 166 164
Spiked 5 116 153 163 156 153 170 158 161 163 157 156 168 171 162
Spiked 6 119 156 165 154 155 173 162 160 161 164 159 182 173 169
Awerage Recovery (ng/L) 117 153 164 156 155 172 157 158 160 160 159 173 172 165
9% Awverage Recovery 72.9 95.8 103 97.3 96.9 108 98.2 99.0 99.7 99.8 99.4 108 107 103
Standard Deviation 4.59 2.38 3.15 2.65 3.32 3.38 3.32 2.38 2.21 4.18 6.72 6.31 3.50 3.01
RSD (%) 3.93 1.56 191 1.70 2.14 1.96 211 1.50 1.38 2.62 4.22 3.65 2.04 1.83
Table 18. Different/Additional Acceptable Isotopes
Different Isotopes Analyte Abbreviation Transition SRM Cone Collision
1 Perfluoro-n-(1,2,3,4,6->Cs)hexanoic acid MSPFHXA Primary 317.95272.9 10 10
2 Perfluoro-n-(**Cg)octanoic acid M8PFOA Primary 420.9>375.9 15 10
13 . . -
3 Perfluoro-n-(*“Cy)nonanoic acid MOPFNA Primary 471.9>426.9 15 10
13 . . K
4 Perfluoro-n-(1,2,3,4,5,6,7-°C;)undecanoic acid M7PFUnA Primary 569.9>525 15 12
13 .
5 Perfluoro-1-(1,2,3-°C;)hexanesulfonate M3PFHXS Primary 401.9>79.8 15 32
1 . . .
6 Perfluoro-n-(1,2,3,4,5,6- 3Cﬁ)decanmc acid M6PFDA Primary 518.9>473.9 15 12
7 Perfluoro-1- 13(28)octanesulfonate MB8PFOS Primary 507>79.8 15 40
Additional Isotopes
1 Perfluoro-1-(2,3,4-C;)butanesulfonate M3PFBS Primary 301.8>79.8 10 29
2 Perfluoro-n 13C5)pentanoic acid M5PFPeA Primary 267.8>222.9 15 9
13 . . X
3 Perfluoro-n-(1,2,3,4-"°C,)heptanoic acid M4PFHpA Primary 366.9>321.9 10 10
13 . . K
4 Perfluoro-n-(1,2-°C,)tetradecanoic acid M2PFTreA Primary 714.9>669.9 20 15
13 .
5 Perfluoro-1-(~Cg)octanesulfonate MB8FOSA Primary 505.9>77.8 15 30
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Figures 1-4. PEOS & PFHXxS Integration Examples
Figure 1. PFOS in Calibration Standard
82316lev4 Smooth(Mn,1x2) F14:MRM of 3 channels,ES-
498.9>79.9
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100+
% PFOS79.7
8.59
8331.389
133723
e RAEER EEEes Ly na ""I""I""I""I""min
82316lev4 Smooth(Mn,1x2) F14:MRM of 3 channels,ES-
498.9 >98.9
PFOS79.7;8.59;5853.411;101547 1.020e+005
100+
%] PFOS79.7
8.59
5853.411
101547
G""I""I""I""I""I""I'I"' o F T T T T T T T min
8.100 8.200 8.300 8.400 8.700 8.800

Figure 2. PFOS in Groundwater Sample

8231608004_16 Smooth(Mn,1x2) PFOS79.7 F14:MRM of 3 channels ES-
1608004_16RE1 839 498.9>79.9
100- PFOS79.7;8.39;19437.021;155029 19437.021 1.559e+005
155029
%_
8.22
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8231608004_16 Smooth(Mn,1x2) F14:MRM of 3 channels ES-
1608004_16RE1L 498.9>98.9
100~ PFOS79.7;8.59;10192.644;97328 9.733e+004
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N
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The peak at 8.22 minutes is probably another isomer group of PFOS, but it’s not included in the quantitation of the calibration
standard so it can’t be included in the quantitation of the groundwater sample.
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Figure 3. PFHXS in Calibration Standard
82316lev4 Smooth(Mn,1x2) F8:MRM of 6 channels ,ES-
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Figure 4. PFHXS in Groundwater Sample
8231608004_21 Smooth(Mn,1x2) F8:MRM of 6 channels ,ES-
1608004_21RE1 398.9>79.9
100~ PFHxS80.1;7.22;277470.188;2631085 2.636e+006
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