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INTRODUCTION 

Purpose 

The purpose of this composite report is to provide a summary of the analytical data collected for 
3M studies Gen-021, Gen-024, Gen-030, and Gen-033. All of the samples included in these 
studies are tissue samples collected from fish, birds, mammals, and amphibians; Dr. John Geisy 
of Michigan State Univemity has supplied all samples to 3M. These analyses have been 
conducted to support studies designed by Dr. Geisy. 

The target analytes for these four studies were perfluorooctane sulfonate (PFOS; CAS# 2795-39- 
3), perfluorooctanesulfonylamide (PFOSA; CAS# 754-91-6), penluorooctanoate (PFOA or POAA; 
CAS# 3825-26-1), and pe~rfluorohexane sulfonate (PFHS; no CAS# available). 

Due to the vadety of matrices analyzed (with respect to both species and tissues), and due to 
evolving analytical methods, some analytical data quality objectives, such as the limit of 
quantitation (LOQ) were quite variable. A summary of the achieved LOQ (by specie, tissue and 
study number) is presented in Table 2 of this report. The stated data quality is based on results of 
data collection quality controls, sample prep quality controls, and recovery of target analytes from 
prepared matrix spike samples. More specific data quality objectives and parameters for these 
analytical studies are outlined later in this report. 

Test and Control Article 

The test articles for each study consisted of various tissues from various species and are listed 
below, in Table 1. For all studies, the control article consisted of rabbit sera and rabbit liver, as 
appropriate. Rabbit tissues were chosen as the control articles because previous studies have 
indicated very low levels of endogenous fluorochemicals in these matrices. Samples of the 
control articles were provided by the 3M Environmental Laboratory. 

This report does not include details for the collection of the test articles; these details should be 
obtained from Dr. Geisy. 

Table 1. De=cription of Sample=, by Study 

Gent21 

Gen-033 

Cormorant Blood, Caspian Seal 
Blood, Sea Otter Blood 

Albatmss sera, Albalmss p~,ma, 
Cormorant plasma, Hen~ng Gull 

Plasma, Bald Eagle I:lasma, 
Cormorant bkxxl, Herring Gul blood 

Norl~em Fur Seal blood ~v~e~le, sub- 
adult, adult), Polar Bear I~:x~d, Stellar 

Sea Lion blood 

None Submitted 

California Sea Lion, Elephant Seal, 
HaYeor Seal, Gozzi, Mink, River 

Otter, Sea Otter, Turtle 

Loon, Brow~ Pel’~an, Albatross 

Nodhem Fur Seal, Polar Bear, Mink, 
Map TurUe, Terrapin, Tuna, Green 

Frog, Chinook Salmon, Lake 
Whitefish, Brown Trout 

Mink, Baikal Seal, Ganges DdCain, 
cormorant (adult arm 

Bot~enose Dolphin, Stripad Dolphin, 
Weddell Seal, Swordfish, Tuna, 

Blacktailed Gull 

Sea Ot~er Brain, Sea Otter I~lney 

Carp body, Frog muscle, Frog body, 
Green Frag aggs, Lake Whitefish egg~, 

Broom Trout eggs, Carp nlu~, Ch~-~ 
Salmon muscle, Lake VVh~flsh n~___~t~._, 

Brown Trout rnu=de 

None Submitted 
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Following analysis, extracts generated from these samples have been retained in cold storage. 

Sample Collection and Analysis 

Tissue samples were submitte~l to the Environmental Laboratory- Fluorine Analytical Chemistry 
Team by Kurunthachalan Kannan of Michigan State University. Details of the sample receipt are 
documented on the chain of custody forms located in appendices of this report. 

SAMPLE RECEIPT AND MAINTENANCE 

Samples were received in the Environmental Lab cold or frozen on the following dates: Gen-021 
(8/24/99), Gen-024 (10/11/99), Gen-030 (12/13/99), and Gen-033 (3/13/00). Sample receipt, 
iclentification, and chain of custody information are located in the study folder for each report; the 
folders are located in the 3M archives. 

The sample extracts will be maintained in cold storage at the 3M Environmental Laboratory until 
the quality of preparation no longer affords preservation. 

CHEI~ICAL CHARACTERIZATION 

The target analytes characterized in the samples include PFOS, PFOSA, PFOA, and PFHS. 
Procurement details of the reference standards used for analysis are summarized below. 

Procurement 

Table 2. Procurement Information for Reference Materials in the Analysis of Environmental Samples 

PFOS (potassium salt) 

PFOSA 

PFHS (potassium salt) 

PFOA (ammonium salt) 

171 

Gen-021: L-2353; 
all others: L-15709 

NB116638-16 

Gen-024: 245; 
all others: commercial 

3M ICP/PCP Division 

3M Specialty Chemicals (R. Buckanin) 

3M Specialty Chemicals. (G. Moore) 

Gen-024: 3M Specialty Chemicals; 
all others: Aldrich 

Full chemical characterization studies, including purity and stability determination, have not been 
completed at this time. Upon completion of these studies, a report will be archived in the 3M 
Environmental Lab. 

METHOD SUMMARIES 

Following is a brief description of the methods used during this analytical study by the 3M 
Environmental Laboratory. Copies of the actual methods used for these studies are located in 
attachment H. 
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[:~EPARA TORY AND ANAL Y’ilC~L METHODS 

¯ ETS-8-004.1, "Extraction of PFOS or Other Fluorochemical Compounds from Serum for 
Analysis using HPLC-Electrospray Mass Spectrometry" with some modifications, described 
below. 

Because the matrices were so variable and sample size extremely limited, it was not 
possible to prepare extracted standard curves. All extracts were evaluated versus 
unextracted standard curves. When sample size permitted, two matrix spikes were prepared 
in each tissue sample from each specie tested to provide some level of extraction efficiency 
determination. 

For some samples, less than 1 mL of sample was available. For these samples, the 
available volume was extracted according to the method with the exception that the final 
volume of extraction solvent was adjusted to match the volume of the initial sample. 

This method was used for the extraction of sara, plasma, and whole blood samples. 

ETS-8-005.1, "Analysis of PFOS or Other Fluorochemical Compounds in Serum Extracts 
Using HPLC-Electrospray Mass Spectrometry" with some modifications, described below. 

Because the matdces were so vadable and sample size extremely limited, it was not 
possible to prepare extracted standard curves. All extracts were evaluated versus 
unextracted standard curves; as a result, all sample concentrations were adjusted by a factor 
of 1.25 to adjust for the removal of 415 of the MTBE from the extract. The factor is 
unnecessary when an extracted curve is used for evaluation. 

ETS-8-006, =Analysis of PFOS or Other Fluorochemical Compounds in Liver Extracts using 
HPLC-Electrospray Mass Spectrometry" with some modifications, described below. 

Because the matrices were so variable and sample size extremely limited, it was not 
possible to prepare extracted standard curves. All extracts were evaluated versus 
unextracted standard curv.es. When sample size permitted, two matrix spikes were prepared 
in each tissue sample from each specie tested to provide some level of extraction efficiency 
determination. 

For some samples, less than 1 g of sample (as called for in the method) was available. For 
these samples, the available mass of tissue was extracted according to the method. 

Samples of kidney, brain, egg, and muscle were extracted by this method. 

ETS-8-007, "Extraction of PFOS or Other Fluorochemical Compounds from Liver for 
Analysis using HPLC-Electrospray Mass Spectrometry" with some modifications, described 
below. 

Because the matrices were so vadable and sample size extremely limited, it was not 
possible to prepare extracted standard curves. All extracts were evaluated versus 
unextracted standard curves; as a result, all sample concentrations were adjusted by a factor 
of 1.25 to adjust for the removal of 4/5 of the MTBE from the extract. The factor is 
unnecessary when an extracted curve is used for evaluation. 

For Gen-030 and Gen-033 only: Due to the lack of excess test matedal for method 
development, all samples determined to contain greater than 0.015 pgig of PFOS were 
subject to an additional PFOS verification process. Each sample was analyzed separately 
with respect to the 499 --> 99 transition and the 499 -) 80 transitions. The quantitative results 
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obtained from each transition analysis were compared. When these results agreed to with 
30%, the identity of PFOS was confirmed (see Reference 1). Those samples where the 
identity of PFOS could not be confirmed are noted in the data table. 

In Gen-021, no PFHS standard was available. In these samples, qualitative determination of 
PFH~ was conducted based on reasonable retention time and a known PFHS transition (399 
--) 99). 

Specific instrumental parameters are available in appendix I-L of this report, stored in the 3M 
Environmental Lab archives. 

For HPLC-Electrospray Tandem Mass Spectrometry: 
Liquid Chromatograph: Ftewlett-Packarde Series 1100-Liquid Chromatograph system 
Analytical column: 

I x30 mm C18 BetasilTM 
Column temperature: 30 degrees C 
Cycle Time: 10 minutes 

Mobile phase components: 
~ ’Component A: 2mM ammonium acetate 

Component B: Methyl alcohol ’. 
Flow rate: 300 pl_/min 

Injection volume: 10 pL 
Solvent Gradient: 

Time (min) %B 
0 10 
1 10 

5.5 95 
7.5 95 

8 10 
10 10 " 

For Detection: 
Mass Spectrometer:. Micromasse API/Mass Spectrometer Quattro Ultima Tdple Quadrapole 
system or Micromass® API/Mass Spectrometer Quattro II Tdple Quadrapole system 
Acquisition Mode: MRM (refer to Table 3) 
Software: Mass Lynx" 3.3 
blode: Electrospray Negative 
Source Block Temperature: 125-150oc 
Source: Z-spray 
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Table 3. Ions Monitored in the Analyses of Extracts of Groundwater 

PFO$ 499,0 80, 99* 

PFOSA 498 78 

PFOA 413 169 

PFHS 399 99 

* Indicates the ion used for quantitation 

Refer to the analytical methods and equipment logs found in the raw data for details on the 
actual analytical equipment settings used in the present study. These settings may have vaded 
somewhat during actual data collection. However, slight variations in the instrument settings will 
not adversely affect the quality of the data. Exact settings dudng all phases of data collection am 
recorded and presented in the appendix of this report. 

DATA SUMMARY, ANALYSES, AND RESULTS 

Summary of Quality Control Analyses Results 

Standard Curves: The coefficient of determination (r~) for all 1/X weighted curves 
bracketing useable data was > 0.982. High or low curve points may have been excluded to 
provide a better fit over the linear range appropriate to the data. High or low curve points 
were deactivated if the calculated concentration vaded from the theoretical concentration by 
more than 30%. Acceptable data was evaluated versus a standard curve containing at least 
5 points. All actions are acceptable and are documented in specific data sets. All standard 
curves used to evaluate quantitative data were acceptable. 

Continuing Calibration Verifications: On average, one calibration check is analyzed for 
every five samples. Acceptable data is bracketed by calibration checks quantitated to be 
within 30% of the theoretical value, evaluated at least every ten samples. All quantitative 
data is bracketed by acceptable calibration checks, as required, 

Blanks: Extraction blanks were compliant if no target analyte was detected above the limit 
of quantitation (LOQ) for a specific analyte. In this study, extraction blanks were often higher 
than low curve points. Because analyte levels in the blank are used to determine the LOQ, 
by default, all blanks were determined to be below the limit of quantitation for the 
compounds of interest. 

Internal Standards: Internal standard response was monitored in Gen-030 and Gen-033 
only. Internal standard response was required to be within ±50% of the theoretical value. If 
samples showed an internal standard response that deviated more than +50%, the samples 
were reanalyzed. If the deviant IS response was confirmed, the analyte data was reported, 
but noted in the data table. 

Page 6 of 10 

3M MN01666004 

2814.0008 



3M Environmental Laborato~/ 
Report No. Gen-021, Gen-024, Gen-030, Gen-033 

Summary of Sample Results 

¯ GEN-021 : 

PFOS was detected in at least one sample from the following matrices: California Sea 
Lion liver, Harbor Seal liver, Gozzi liver, Mink liver, River Otter liver, Turtle liver, 
Cormorant blood, Otter blood, and Caspian Seal blood. 

PFOSA was tentatively identified in at least one sample from the following matrices: 
California Sea Lion liver, River Otter liver, Sea Otter liver, Sea Otter brain, and Otter 
blood. 

= PFOA was tentatively identified in at least one sample from the following matrices: 
California Sea Lion liver and Caspian Seal blood. 

¯ PFHS was tentatively identified in at least one sample from the following matrices: 
California Sea Lipn liver, Gozzi liver, Mink liver, River Otter liver, Sea Otter liver, Tudle 
liver, Cormorant blood, Caspian Seal blood, and Otter blood. 

GEN-O24: 

PFOS was detected identified in at least one sample from the following matrices: 
Albatross plasma, Albatross sera, Cormorant plasma, Cormorant blood, Herring Gull 
plasma, Herring Gull blood, Bald Eagle plasma, Loon liver, Albatross liver, Brown 
Pelican liver, Albatross kidney, Cormorant yolk, and Gull yolk. 

¯ PFOSA was tentatively identified in at least one sample from the following matrices: 
Cormorant blood, Bald Eagle plasma, Loon liver, Brown Pelican liver, and Albatross 
liver. 

¯ PFOA was tentatively identified in at toast one sample from the following matrices: 
Cormorant blood, Albatross liver, Cormorant yolk, and Gull yolk. 

¯ PFHS was tentatively identified in at least one sample from the following matrices: 
Herring Gull plasma and Bald Eagle plasma, Loon liver, Albatross liver, Brown Pelican 
liver, Albatross kidney, Cormorant yolk, and Gull yolk. 

GEN-030: 

PFOS was detected in at least one sample from the following matrices: Polar Bear 
blood, Polar Bear liver, Mink liver, Northern Fur Seal liver, Map Turtle liver, Tuna liver, 
Green Frog liver, Chinook Salmon liver, Lake Whitefish liver, Brown Trout liver, Whole 
Carp, Frog muscle, Lake Whitefish eggs, Brown Trout eggs, Carp muscle, Chinook 
Salmon muscle, Lake VVhitefish muscle, and Brown Trout muscle. 

PFOSA was tentatively identified in at least one sample from the following matrices: 
Mink liver. 

¯ PFOA was not tentatively identified in any sample analyzed. 

¯ PFHS was not tentatively identified in any sample analyzed. 

GEN-033: 

PFOS was detected in at least one sample from the following matrices: Mink liver, Baikal 
Seal liver, Cormorant liver, Bottle Nosed Dolphin liver, Ganges Dolphin liver, Stdped 
Dolphin liver, Swordfish Liver, Tuna liver, and Black Tailed Gull liver. 

PFOSA was tentatively identified in at least one sample from the following matrices: 
Mink liver, Cormorant liver, and Bottle Nosed Dolphin liver. 
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¯ PFOA was tentatively identified in at least one sample from the following matrices: 
Cormorant liver. 

¯ PFHS was tentatively identified in at least one sample from the following matrices: Mink 
liver, Striped Dolphin liver, and ,Swordfish Liver. 

Appendices contain data summa~ tables. 

DATA QUALITY OBJECTIVES 

No circumstances existed during the present study that would have affected the quality or 
integrity of the data. The data quality objectives (DQOs) followed dudng the present are 
indicated below. 

¯ Linearity: The coefficient of determination (r2) of the standard curve was equal to or greater 
than 0.985 with at least 5 active points using a linear regression curve with 1Ix weighting. 

¯ Instrument Quantitation Limit (IQL): The IQL is equal to the lowest acceptable standard in 
the calibration curve (acceptable standard is defined as a standard within 30% of the 
theoretical value). As this value is not useful in consideration of the sample data, the IQL 
was not specifically determined or stated for every study. 

¯ Lin~its of Quantitation (LOQ): The LOQ is equal to the lowest acceptable standard in the 
calibration curve (defined as a standard within 30% of the theoretical value), and is at least 
two times the analyte peak area detected in the extraction blanks. The LOQ may vary due to 
the amount of sample available for analysis (particularly for samples extracted according to 
ETS-8-006) or to day-to-day variations in the analytical system. The ranges of LOQs for 
vadous tissues are listed in Table 4 (sera, plasma, and blood) and Table 5 (liver, kidney, 
muscle, egg, and brain). 

Table 4, Range of LOQs for Sera, by Study 

PFOS 0.0116 pg/mL 0.00116 IJg/mL 0.0029-0.0579 pg/mL NA 

PFOSA 0.00625pg/mL 0.00626 IJg/mL 0.000625 IJg/mL NA 

PFHS NA 0.00114 pg/mL 0.00114 IJg/mL NA 

PFOA 0.00599 pg/mL 0.0299 gg/mL 0.00240-0.00958 pg/mL NA 

Table 5. Range of LOQs for Liver and Other Tissues, by Study 

PFOS 0.0348 pg/g 0.0348 pg/g O.O06g6-o.o696 pg/g 0.00696- 0.0694pg/g 

PFOSA 0.0375 pg/g 0.00750 pg/g 0.0188 IJg/g 0.0376 pg/g 

PFHS NA 0.00683 pg/g 0.00683-0.0342 pg/g 0.00683 pg/g 

PFOA 0.0359 pg/g 0.180 IJg/g 0.0180-0.0719 pg/g 0.00719-0.0718 pg/g 

NA = not applicable 
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Duplicate/acceptable precision (extraction): Spikes conducted on samples of control 
tissues were reproducible to within 15% 

Quality Control Response: A continuing calibration verification (CCV’) was analyzed every 
5-10 samples. Acceptable CCV response was within +30% of the theoretical value. No more 
than 10 samples were analyzed between acceptable CCVs. 

Spike/acceptable recoveries: Due to the number of different matrices analyzed, there was 
great variability in spike recoveries. For any given matrix (specie and tissue), spike 
recoveries within 70-130% of the expected concentration indicate quantitative data (good to 
+30%); spike recoveries between 50-150% indicate semi-quantitative data for that matrix 
(good to +50%). Spike recoveries outside of this range indicate that sample data should be 
used for qualitative purposes only. Due to sample limitations, matrix spike studies were not 
conducted for all matrices. For PFOS analyses, sample data that is not supported by matrix 
spike studies should be considered for qualitative purposes only. Since no identity 
verification experiments were performed for PFOA, PFHS, and PFOSA, for these analytes, 
all analyses that are not supported by matrix spike studies should be considered to provide 
unconfirmed qualitative data only. 

Use of Internal Standards: Tetrahydro-perfluorooctane sulfonate (THPFOS) was spiked 
into the extracts post-extraction and used as an internal standard for samples in Gen-030 
and Gen-033. For all samples in these studies, THPFOS levels were monitored to verify the 
analytical soundness of the data. THPFOS levels that were determined to be deviant from 
expected values by more than +50% were reanalyzed. If the deviant THPFOS levels were 
confirmed, analyte levels were reported but are noted in the results table. 

Use of confirmatory methods: Given the selectivity of the analytical tool used (HPLC- 
ESMSM$) and lack of a viable alternative for analysis, no confirmatory methods were used. 

Demonstration of specificity: Specificity was demonstrated by chromatographic retention 
time (matched to standards to within 3%) and the response of at least one characteristic 
product ion arising from collisions of an analyte-specific parent ion. 

Assuming spike recovery studies form a suitable indication of endogenous analyte recovery, 
matdx spike studies have been used as an indicator of data quality (see above). The validity of 
this assumption has not been vedfied by other techniques. 

STATEMENT OF CONCLUSION 

Under the conditions of the present studies, the presence of fluorochemicals was observed in the 
quantitative analysis of a selection of environmental matrices. 
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ATTACHMENTS 

¯ Attachment A: Gen-021 Sera/Plasma/Blood Results 

¯ Attachment B: Gen-021 Liver/Miscellaneous Results 

¯ Attachment C: Gen-024 Sera~Plasma/Blood Results 

¯ Attachment D: Gen-024 LivedMiscellaneous Results 

¯ Attachment E: Gen-030 Sera/Plasma/Blood Results 

¯ Attachment F: Gen-03o Liver/Miscellaneous Results 

¯ Attachment G: Gen-033 Liver Results 

¯ Attachment H: Analytical Methods 

¯ Attachment I - L (additional bound document available in the 3M Environmental Lab 
. archives): Analytical Details for Gen-021, Gen-024. Gen-030. and Gen-033 
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3M ENVIRONMENTAL LABORATORY 

METHOD 

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER 

FLUOROCHEMICAL COMPOUNDS FROM SERUM FOR ANALYSIS USING HPLC- 

ELECTROSPRAY/MASS SPECTROMETRY 

Method Number: ETS-8-4.1 

Author: Lisa Clemen, Glenn Langenburg 

Approved By: 

Adoption Date: 03/01/99 

Revision Date: 

Laboratory Manager Date 

Group Leader Date 

Technical Reviewer Date 

1.0 SCOPE AND APPLICATION 

1.1 Scope: This method is for the extraction of potassium perfluorooctanesulfonate (PFOS) 
or other fluorochemical compounds from serum. 

1.2 Applicable compounds: Fluorochemical surfactants or other fluorinated compounds. 

1.3 Matrices: Rabbit, rat, bovine, monkey, and human serum or other fluids as designated in 
the validation report. 
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2.0 

2.1 

2.2 

SUMMARY OF METHOD 

This method describes the procedure for extracting potassium perfluorooctanesulfonate 
(PFOS) or other fluorochemical surfactants from serum, or other fluids, using an ion 
pairing reagent and methyl-tert-butyl ether (MtBE). In this method, seven fluorochemicals 
were extracted: PFOS, PFOSA, PFOSAA, EtFOSE-OH, PFOSEA, M556, and surrogate 
standard (see 3.0 Definitions). An ion pairing reagent is added to the sample and the 
analyte ion pair is partitioned into MtBE The MtBE extract is removed and put onto a 
nitrogen evaporator until dry. Each extract is reconstituted in 1.0 mL of methanol, then 
filtered through a 3 cc plastic syringe attached to a 0.2 pan nylon filter into glass autovials. 

These sample extracts are analyzed following method ETS-8-5.1 or other appropriate 
method. 

3.0 DEFINITIONS 

3.1 PFOS: perfluorooctanesulfonate (anion of potassium salt) C~F~TSOs" 

3.2 PFOSA: perfluorooctane sulfonylamide C~F~vSO2NH2 

3.3 P~.OSAA: perfluorooctane sulfonylamido (ethyl)acetate C~F~TSO2N(CH2CH3)CH2CO2" 

3.4 EtFOSE-OH: 2(N-ethylperfluorboctane sulfonamido)-ethyl alcohol 
CgFIvSO2N(CHzCH3)CH2CH2OH 

3.5 PFOSEA: perfluorooctane sulfonyl ethylamide CsFxvSO2N(Ct/2CH3)H 

3.6 M556: C~F~TSO2N(H)(CH2COOH) 

3.7 Surrogate standard: 1H-IH-2H-2H perfluorooctane sulfonic acid 

4.0 

4.1 

WARNINGS AND CAUTIONS 

Health and safety warnings 

4.1.1 Use universal precautions, especially laboratory coats, goggles, and gloves when 
handling animal tissue, which may contain pathogens. 

5.0 INTERFERENCES 

5.1 There are no interferences known at this time. 

6.0 

6.1 The following equipment is used while performing this method. Equivalent equipment is 
acceptable. 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

Vortex mixer, VWR, Vortex Genie 2 

Centrifuge, Mistral 1000 or IEC 

Shaker, Eberbach or VWR. 

Nitrogen evaporator, Organomation 
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6.1.5 Balance (+ 0.100 g) 

7.0 SUPPLIES AND MATERIALS 

7.1 Gloves 

7.2 Eppendorf or disposable pipettes 

7.3 Nalgene bottles, capable of holding 250 mL and 1 L 

7.4 Volumetric flasks, glass, type A 

7.5 I-CH:EM vials, glass, 40 mL glass 

7.6 Centrifuge tubes, polypropylene, 15 mL 

7.7 Labels 

7.8 Oxford Dispenser -3.0 to 10.0 mL 

7.9 Syringes, capable of measuring 5 ~tL to 50 BL 

7.10 Graduated pipettes 

7.11 Syringes, disposable plastic, 3 ee 

7.12 S~.nge filters, nylon, 0.2 lam, 25 nun 

7.13 Timer 

7.14 Crimp cap autovials and caps 

7.15 Crimpers 

Note: Prior to using glassware and bottles, rinse 3 times with methanol and 3 times with 
Milli-QTM water. Rinse syringes a minimum of 9 times with methanol, 3 rinses from 3 
separate vials_ 

8.0 REAGENTS AND STANDARDS 

8.1 Type I reagent grade water, Milli-Q TM or equivalent; all water used in this method should 
be Milli-QTM water and may be provided by a Milli-Q TOC PlusTM system 

8.2 Sodium hydroxide (NaOH), J.T Baker or equivalent 

8.3 Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent 

8.4 Sodium carbonate (Na2CO3), J.T. Baker or equivalent 

8.5 Sodium bicarbonate (NaHCO3), J.T. Baker or equivalent 

8.6 Methyl-T-Butyl Ether, Ornnisolv, glass distilled or HPLC grade 

8.7 Methanol, Omnisolv, glass distilled or HPLC grade 

8.8 Serum or blood, frozen from supplier 

8.9 Fiuorochemical standards 

8.9.1 PFOS (3M Specialty Chemical Division), molecular weight = 538 

8.9.2 PFOSA (3M Specialty Chemical Division),. molecular weight = 499 

8.9.3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585 
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8.10 

8.9.4 

8.9.5 

8.9.6 

8.9.7 

8.9.8 

EtFOSE-OH (3M Specialty Chemical Division), molecular weight = 570 

PFOSEA (3M Specialty Chemical Division), molecular weight = 527 

M556 (3M Specialty Chemical Division), molecular weight = 557 

Surrogate standard: 4-H, perfluorooctane sulfonic acid (I-H, l-H, 2-H, 2-H 
Cff~3SO3H) molecular weight = 428 

Other fluorochemicals, as appropriate 

Reagent preparation 

NOTE: When preparing larger volumes than listed in reagent, standard, or surrogate 
preparation, adjust accordingly. 

8.10.1 10 N sodium hydroxide (NaOH): Weigh ap~gximately 200 g NaOH. Pour into a 
1000 mL beaker containing 500 mL Milli-Q’~’ water, mix until all solids are 
dissolved. Store in a 1 L Nalgene bottle. 

8.10.2 

8.10.4 

1 N sodium hydroxide (NaOH): Dilute 10 N NaOH 1:10. Measure 10 mL of 10 
N NaOH solution into a 100 mL volumetric flask and dilute to volume using Milli- 
Qr~l water. Store in a 125 mL Nalgene bottle. 

0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weir, approximately 169 g 
of TBA into a 1 L volumetric containing 500 mL Milli-Q’~ water. Adjust to pH 10 
using approximately 44 ~o 54 mL of 10 N NaOH (While adding the last mL of 
NaOH, add slowly because the pH changes abruptly). Dilute to volume with Milli- 
Q’r~ water. Store ~n a 1 L Nalgene bottle. 

8.10.3.1 TBA requires a check prior to each useto ensure pH = 10. Adjust as 
needed using 1 N NaOH solution. 

0.25 M sodium carbonate/sodium bicarbonate buffer (Na2CO3/NaHCO3): Weigh 
approximately 26.5 g of sodium carbonate (Na2CO3) and 21.0 g of sodium 
bicarbonate (Na_r-ICO3) into a 1 L-volumetric flask and bring to volume with Milli- 
Qr~ water. Store in a 1 L Nalgene bottle. 

8.11 Standards preparation 

8.11.1 Prepare PFOS standards for the standard curve. 

8.11.2 Prepare other fluorochemical standards, as appropriate. Multicomponent 
fluorochemical standards are acceptable (for example, one working standard 
solution containing 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.987 ppm PFOSAA, and 
1. l0 ppm EtFOSE-OH.) 

8.11.3 Weigh approximately 100 mg of PFOS into a 100 mL volumetric flask and record 
the actual weight. 

8.11.4 Bring to volume with methanol for a stock standard of approximately 1000 ppm 

8.11.5 Dilute the stock solution with methanol for a working standard 1 solution of 
approximately 50 ppm 

8.11.6 Dilute working standard 1 with methanol for a working standard 2 solution of 
approx. 5.0 ppm. 
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8.12 

8.11.7 Dilute working standard 1 with methanol for a working standard 3 solution of 
approx. 0.50 ppm. 

Surrogate stock standard preparation 

8.12.1 Weigh approximately 50-60 mg of surrogate standard l-H, l-H, 2-H, 2-H, 
CsF13SO3H into a 50 mL volumetric flask and record the actual weight. 

8.12.2 Bring to volume with methanol for a surrogate stock of approximately 1000-1200 
ppm. 

8.12.3 Prepare a surrogate working standard. Transfer approximately 1 mL of su,rrogate 
stock to a 10 mL volumetric flask and bring to volume with methanol for a 
working standard of 100 ppm. Kecord the actual volume transferred. 

9.0 SAMPLE HANDL1FIG 

9.1 All samples are recdved ~rozen and must be kept frozen until the extraction is performed. 

9.2 Allow samples to thaw to room temperature prior to extraction. 

10.0 

10.1 

10.2 

10.3 

QUALITY CONTROL 

Solvent Blanks, Method blanks and matrix blanks 

10.1.1 An aliquot of 1.0 mL methanol is used as a solvent blank. 

10.1.2 Extract two 1.0 mL aliquots ofMilli-QTM water following this procedure and use 
as method blanks. 

10.1.3 Extract two 1.0 mL aliquots of the serum following this procedure and use as 
matrix blanks. See 11.1.4. 

Matrix spikes 

10.2.1 

10.2.2 

10.2.3 

10.2.4 

Prepare and analyze matrix spike and matrix spike duplicate samples to determine 
the accuracy of the extraction. 

Prepare each spike using a Sample chosen by the analyst, usually the control matrix 
received with each sample set. 

Expected concentrations will fall in the mid-range of the initial calibration curve. 
Additional spikes may be included and may fall in the low-range of the initial 
calibration curve. 

Prepare one matrix spike and matrix spike duplicate per 40 samples, with a 
minimum of 2 matrix spikes per batch. 

Continuing calibration checks 

10.3.1 Prepare continuing calibration check samples to ensure the accuracy of the initial 
calibration curve. 

10.3.2 Prepare, at a minimum, one continuing check per group of 10 samples. For 
example, ira sample set = 34, four checks are prepared and extracted. 

10.3.3 Prepare each continuing calibration check from the same matrix used to prepare 
the initial curve. 
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10.3.4 The expected concentrations will fall within the mid-range of the initial calibration 
curve. Additional spikes may be included that fall in the low-range of the initial 
calibration curve. This is necessary if the analyst must quantitate using only the 
low end of the calibration curve (for example, 5 ppb - 100 ppb, rather than 
5 ppb - 1000 ppb). 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Prepare matrix calibration standards 

11.2 

11.1.1 Transfer 1 mL of serum to a 15 mL centrifuge tube. 

11.1.2 If most sample volumes are less than 1.0 mL, extract standards with matrix 
volumes equal to the sample volumes. Do not extract less than 0.50 mL of matrix. 
Record each sample volume on the extraction sheet. 

11.1.3 

11.1.4 

11.3 

11.1.5 

11.1.6 

While prep .a~ing a total of twenty aliquots in 15 mL centrifuge tubes, mix or shake 
between aliquots. 

Two 1 mL aliquots, or other appropriate volume, serve as matrix blanks. Typically 
use the standard concentrations and spiking amounts listed in Table 1, at the end of 
this section, to spike, in duplicate, two standard curves, for a total or" eighteen 
standards, two matrix blanks, and two method blanks. 

Refer to validation report. ETS-8-4.0 & ETS-8-5.0-V-1, which lists the working 
ranges and the Linear Calibration Range (LCR) for calibration curves. 

Use Attachment D as an aid in calculating the concentrations of the working 
standards. See Section 13.0 to calculate actual concentrations of PFOS in 
calibration standards. 

To each standard, blank, or continuing check, add appropriate amount of surrogate 
working standard for the concentration to fall within the calibration curve range 5 ppb - 
1000 ppb. 

Extract spiked matrix standards following 12.6-12.16 of this method. Use these standards 
to establish each initial ciarve on the mass spectrometer. 
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Table 1 
Approximate spiking amounts for standards and spikes 

Using 1.0 mL of matrix 
Working standard 

(approx. conc.) 

O. 500 ppm 
0.500 ppm 
5.00 ppm 
5.00 ppm 
5.00 ppm 
50.0 ppm 
50.0 ppm 
50.0 ppm 
50.0 ppm 

lO 
20 
5 

lO 
20 
5 
10 
15 
20 

Approx. final conc. of 
analyte in matrix 

Blank 
0.005 ppm 
0.010 ppm 
0.025 ppm 
0.050 ppm 
0.100 ppm 
0.250 ppm 
0.500 ppm 
0.750 ppm 
1.00 ppm 

IZ.0 PROCZD~rRE 

12.1 Obtain frozen samples and allow to thaw at room temperature or in a lukewarm 
waterbath. 

Vo~ex mix for 15 seconds, then transfe~ 1,0 mL or other appropriate volume to a 15 mL 
polypropylene centrifuge tube. 

12.3 Return unused samples to freezer after extraction amounts have been removed. 

12.4 Record the initial volume on the extraction worksheet 

12.5 Label the tube with the study number, sample ID, date and analyst initials. See attached 
worksheet for documenting the remaining steps. 

12.6 Spike all samples, including blanks and standards, ready for extraction with surrogate 
standard as described in 11.2. 

12.7 Spike each matrix with the appropriate amount of standard as described in 11.1, or Table 
1 in that section, for the calibration curve standards. Also prepare matrix spikes and 
continuing calibration standards. 

12.8 Vortex mix the standard curve samples, matrix spike samples, and continuing calibration 
samples for 15 seconds. 

1:2.9 Check to ensure the 0.5 M TBA reagent is at pH 10. If not, adjust accordingly. 

12.10 To each sample, add 1 mL 0.5 M TBA and 2 mL of’0.25M sodium carbonate/sodium 
bicarbonate buffer. 

12.11 Using an Oxford Dispenser, add 5 mL methyl-tert-butyl ether. 

1:2.12 Cap each sample and put on the shaker at a setting of 300 rpm, for 20 minutes. 

12.13 Centrifuge for 20 to 25 minutes at a setting of 3500 rpm, or until layers are well separated. 
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12.14 

12.15 

12.16 

12.17 

12.18 

12.19 

12.20 

12.21 

12.22 

Label a fresh 15 mL centrifuge tube with the Same information as in 12.5. 

Remove 4.0 mL of the organic layer to this clean 15 mL centrifuge tube. 

Put each sample on the analytical nitrogen evaporator until dry, approximately 1 to 2 
hours. 

Add 1.0 mL of methanol to each centrifuge tube using a graduated pipette. 

Vortex mix for 30 seconds. 

Attach a 0.2 ~m nylon mesh filter to a 3 cc syringe and transfer the sample to this syringe. 
Filter into a 1.5 mL glass autovial or low-volume autovial when necessary. 

Label the autovial with the study number, animal number and gender, sample timepoint, 
matrix, final solvent, extraction date, and analyst(s) performing the extraction. 

Cap and store extracts at room temperature or at approximately 4 °C until analysis. 

Complete the extradtion worksheet, attached to this document, and tape in the study 
notebook or include in study binder, as appropriate. 

13.0 

13.1 

DATA ANALYSIS AND CALCULATIONS 

Calculations 

13.1.1 Calculate actual concentJ’ations of PFOS, or other applicable fluorochemical, in 
calibration standards using the following equation: 

mL of standard x concentration of standard (~tg/mL) = 
mL of standard + mL of surrogate standard + initial matrix volume (mL) 

Final Concentration (~g/mL) of PFOS in matrix 

14.0 METHOD PERFORMANCE 

14.1 

14.2 

The method detection limit (MDL) is analyte and matrix specific. Refer to MDL report 
for specific MDL and limit of quantitation (LOQ) values (see Attachments B and C). 

The following quality control samples are extracted with each batch of samples to evaluate 
the quality of the extraction and analysis. 

14.2.1 Method blanks and matrix blanks. 

14.2.2 Matrix spike and matrix spike duplicate samples to determine accuracy and 
precision of the extraction. 

14.2.3 Continuing calibration check samples to determine the continued accuracy of the 
initial calibration curve. 

14.3 Refer to section 14 of ETS-8-5.1 for method performance criteria. 

15.0 

15.1 

POLLUTION PREVENTION AND WASTE MANAGEMENT 

Sample waste is disposed in biohazard containers, flammable solvent waste is disposed in 
high BTU containers, and used glass pipette wasteis disposed in broken glass containers 
located in the laboratory. 
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16.0 RECORDS 

16.1 Complete the extraction worksheet attached to this method, and tape in the study 
notebook or include in the 3-ring study binder, as appropriate. 

17.0 

17.1 

17.2 

17.3 

ATTACHMENTS 

Attachment A, Extraction worksheet 

Attachment B, MDL/LOQ values and summary 

Attachment C, Calibration standard concentration worksheet 

18.0 REFERENCES 

18.1 The validation report associated w~th this method is ETS-8-4.0 & 5.0-V-1. 

18.7- FACT-M-3.1, "Analysis of Serum or Other Fluid Extracts for Fluorochemicals using 
I-IPLC-Electrospray Mass Spectrometry" 

19.0 AFFE(:TED DO(:UlVIErO’S 

19.1 ET’S-8-5.1, "Analysis of Serum or Other Fluid Extracts for Fluorochemicals using HPLC- 
Elcctrospray Mass Spectrometry" 

20.0 REVISION8 

Revision Revision 
Number Reason For Revision Date 

1 Section 12.21 Changed to include sample storage at room temperature 04/02/99 
Section 12.13 Added the shaker speed. 
Section 12.17 Final volume is 1.0 mL; not adjusted for initial volumes less 
than 1.0 mL. 
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4.1.2 When handling samples or solvents wear appropriate protective gloves, eyewear, 
and clothing. 

4.2 Cautions: 

4.2.1 Operate the solvent pumps below a back pressure of 400 bar (5800 psi). If the back 
pressure exceeds 400 bar, the I-IP 1100 will initiate automatic shutdown. 

4.2.2 Do not run solvent pumps to dryness. 

5.0 

5.1 

INTERFERENCES 

To minimize interferences when analyzing samples, Teflon shall not be used for sample 
storage or any part of instrumentation that comes in contact with the sample or extract. 

6.0 EQUIPMENT 

6.1 Equipment listed bdow may be modified in order to optimize the system. Document any 
modifications in the raw data as method deviations. 

6~1"~i Micromass Quattro II triple quadrupole Mass Spectrometer equipped with an 
electrospray ionization so6rce. 

6.1.2 I-IP1100 low pulse solvent pumping system, solvent degasser, column compartment, 
and autosampler 

7.0 

7.1 

SUPPLIES AND ~IATERIALS 

Supplies 
7.1.1 High purity grade air regulated to approximately 100 psi (house airsystem) 

7.1.2 HPLC analytical column, specifics ~o be determined by the analyst and documented 
in the raw data 

7.1.3 Capped autovials or capped 15 ml centrifuge tubes 

8.0 

8.1 

REAGENTS AND STANDARDS 

Reagents 

8.1.1 Methanol, I-[PLC grade or equivalent 

8.1.2 Milli-QTM water (ASTM type I), all water used in this method should be ATSM type 
I, or equivalent, and be provided by a Milli-Q TOC Plus system or other vendor 

8.1.3 Ammonium acetate, reagent grade or equivalent 

8.1.3.1 When preparing different amounts than those listed, adjust accordingly. 

8.1.3.2 2.0 m_M ammonium acetate solution: Weigh approximately 0.300 g 
ammonium acetate. Pour into a 2000 mLvolumetric container containing 
2000 mL Milli-Q TM water, mix until all solids are dissolved. Store at room 
temperature. 
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8.2 Standards 

8.2.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards are 
prepared during the extraction procedure. Refer to ETS-8-6.0. 

9.0 SAMPLE HANDLING 

9.1 Fresh matrix standards are prepared with each analysis. Extracted standards and samples 
are stored in capped autovials or capped 15 ml centrifuge tubes until analysis. 

9.2 If analysis will be delayed, extracted standards and samples may be stored at room ’ 
temperature, or refrigerated at approximately 4° C, until analysis can be performed. 

10.0 QUALITY CONTROL 

10.1 Method Blanks and-Matrix Blanks 

10.1.1 Solvent blanks, method blanks, and matrix blanks are prepared and analyzed with 
each batch to determine contamination or carryover. 

10.1.2 Analyze a method blank and a matrix blank prior to each calibration curve. 

10.2 M~rix Spikes 

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effect on the 
recovery efficiency.. 

10.2.2 Matrix spike duplicates are prepared and analyzed to measure the precision and the 
recovery for each analyte. 

10.2.3 Analyze a matrix spike and matrix spike duplicate per forty samples. With a 
minimum of 2 spikes per batch. 

10.2.4 Matrix spike and matrix spike duplicate concentrations will fall in the mid-range of 
the initial calibration curve. Additional spike concentrations may fall in the low- 
range of the initial calibration curve. 

10.3 Continuing Calibration Cheeks 

10.3.1 Continuing calibration verifications are analyzed to verify the continued accuracy of 
the calibration curve. 

10.3.2 Analyze a mid-range calibration standard every tenth sample, with a minimum of one 
per batch. 

1|.0 CALIBRATION AND STANDARDIZATION 

11.1 Analyze the extracted matrix standards prior to and following each set of sample extracts. 
The average of two standard curves will be plotted by linear regression (y = mx + b), 
weighted l/x, not forced through the origin, using MassLynx or other suitable soil,rare. 

11.2 If the curve does not meet requirements perform routine maintenance or reextract the 
standard curve (if necessary) and reanalyze. 
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11.3 For purposes of accuracy when quantitating low levels of analyte, it may be necessary to 
use the low end of the calibration curve rather than the full range of the standard curve. 
Example: when attempting to quantitate approximately 10 ppb of analyte, generate a 
calibration curve consisting of the standards from 5 ppb to 100 ppb rather than the full 
range of the curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linear 
regression weighting of high concentration standards. 

12.0 

12.1 

12.2 

]~ROCEDURES 

Acquisition Set up 

12.1.1 

12.1.2 

12.1.3 

12.1.4 

Set up the sample list. 

12.1.1.1 Assign a sample list filename using MO-DAY-Iast digit of year-increasing 
letter of the alphabet starting with a 

12,1.1.2 Assign a method (MS file) for acquiring 
12.1.1.3 Assign an HPLC program (Inlet file) 
12.1.1.4 Type in sample descriptions and vial poskion numbers 

To create a method click on method in the Acquisition control panel then mass 
spectrometer headings and select SIR (Single Ion Recording) or M1LM (Multiple 
Reaction Monitoring). Set Ionization Mode as appropriate and mass to 499 or 
other appropriate masses."A full scan is usually collected along with the SIRs. Save 
acquisition method. If MS/MS instruments are employed, additional product ion 
fragmentation inforfiaation may be collected. Refer to Micromass MassLynx 
GUTDE TO DATA ACQUISITION for additional information and MRM. 

Typically the analytical batch run sequence begins and ends with a set of extracted 
matrix standards. 

Samples are analyzed with a continuing calibration verification injected standard 
after every tenth sample. Solvent blanks should be analyzed periodically to monitor 
possible analyte caj-ryover and are not considered samples but may be included as 
such. 

Using 

12.2.1 

12.2.2 

the Autosampler 

Set up sample tray according to the sample list prepared in Section 12.1.1. 

Set-up the HP1100/autosampler at the following conditions or at conditions the 
analyst considers appropriate for optimal response. Record actual conditions in the 
instrument logbook: 

12.2.2.1 Sample size = 10 ~ injection 

12.2.2.2 Inject/sample = 1 

12.2.2.3 Cycle time = 9 minutes 
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12.2.2.4 Solvent ramp conditions 

Time MeOH 2.0 mM 
Ammonium acetate 

0.00 min. 40% 60% 
1.0 rain, 40% 60% 
4.5 rain. 95% 5% 
6.5 min. 95% 
7.0 rnin. 40% 60°/’o 
9.0 rni. 40% 60% 

12.3 

12.2.2.5 Press the "Start" button. 

Instrument Set-up 

12.3.1 Refer to ETS-9-24.0, "Operation and Maintenance of the Micromass Quattro II 
Triple Quadrupole Mass Spectrometer Fitted with an Atmospheric Pressure 
Ionization Source," for more details. 

t2.3.2 

12.3.3 

Check the solvent level in reservoirs and refill if necessary. 

Check the stainless steel capillary at the end of the probe. Use an eyepiece to cheek 
the tip. The tip should be flat with no jagged edges. If the tip is found to be 
unsatisfactory, disassemble the probe and replace the stainless steel capillary. 

12.3.4 Turn on the nitrogen. 

12.3.5 Open the tune page. Clicks on operate to initiate source block and desolvation 
heaters. 

12.3.60pentheIN~Edkor. 

12.3.6.1 

12.3.6.2 

12.3.6.3 

12.3.7 

Set HPL.C pump to "On" 

Set the flow to 10 - 500 uL/min or as appropriate 

Observe droplets coming out of the tip of the probe. A fine mist should be 
expelled with no nitrogen leaking around the tip of the probe. Readjust the 
tip of the probe if no mist is observed 

12.3.6.4 Allow to equilibrate for approximately 10 minutes. 

The instrument uses these parameters at the following settings. These settings may 
change in order to optimize the response: 

12.3.7.1 Drying gas 250-400 liters/hour 

12.3.7.2 ESI nebulizing gas 10-15 liters/hour 

12.3.7.3 HPLC constant flow mode flow rate 10 - 500 BL/min 

12.3.7.4 Pressure <400 bar (This parameter is not set, it is a guide to ensure the 
HPLC is operating correctly.) 

12.3.7.5 Source block temperature 150° 

12.3.7.6 Desolvation temperature 250° 
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12.3.8 Print the tune page, with its parameters, and store it in the study binder with a copy 
taped into the instrument log. 

12.3.9 Click on start button in the Acquisition Control Panel (this may vary among 
MassLynx versions, refer to appropriate MassLynx User’s Guide). Ensure start and 
end sample number includes all samples to be analyzed. 

13.0 DATA ANALYSIS AND CALCULATIONS 

13.1 Calculations: 

13.1.4 Calculate matrix spike percent recoveries using the following equation: 

% Recovery = Observed Result - Background Result x 100 
Expected Result 

13.1.5 Calculate percent difference using the following equation: 

% Difference = Expected Conc. - Calculated Cone. x 100 
Expected Cone. 

13.1.6 Calculate actual concentrations in matrix (it#g): 

(ng ofPFOS cal�. from std. Curve x Dilution Factor) x 
_(initial Weight of Liver 

Final Volume (mL) 

1 ~g 
1000 ng 

14.0 METHOD PERFORMANCE 

14.1 Method Detection Limit (MDL) and Limit of Quantitation (LOQ) are method, analyte, and 
matrix specific. Refer to ETS-8-6.0, Attachment B for a listing of current validated MDL 
and LOQ values. 

14.2 Solvent Blanks, Method Blanks and M~trix Blanks 

14.2.1 Solvent blanks, method blanks, and matrix blanks must be below the lowest standard 
in the calibration curve. 

14.3 Calibration Curves 

14.3.1 The r2 value for the calibration must be 0.980 or better. 

14.4 Matrix Spikes 

14.4.1 Matrix spike percent recoveries must be within _+ 30% of the spiked concentration. 

14.5 Continuing Calibration Verification 

14.5.1 Continuing calibration verification percent recoveries must be within :!: 30% of the 
spiked concentration. 

14.6 If criteria listed in the method performance section are not met, maintenance may be 
performed on the system and samples reanalyzed or otheractions as determined by the 
analyst. Document all actions in the appropriate logbook. 
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14.7 If data are to be reported when performance criteria have not been met, the data must be 
footnoted on tables and discussed in the text of the report. 

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT 

15.1 Sample extract waste and flammable solvent is disposed in high BTU containers, and glass 
pipette waste is disposed in broken glass containers located in the laboratory. 

16.0 

16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

RECORDS 

Each page generated for a study must have the following information included either in the 
header or hand written on the page: study or project number, acquisition method, 
integration method, sample name, extraction date, dilution factor (if applicable), and 
analyst. 

Print the tune page, sample list, and acquisition method from MassLynx to include in the 
appropriate study folder. Copy these pages and tape into the instrument rurdog 

Plot the calibration curve by linear regression, weighted l/x, then print these graphs and 
store in the study folder. 

Print data integration summary, integration method, and chromatograms from MassLynx 
and store in the study folder. 

Summarize data using suitable software (Excel 5.0+) and store in the study folder, refer to 
Attachment A for an example of a summary spreadsheet. 

Back up electronic data to appropriate medium. Record in study notebook the file name 
and location of backup electronic data. 

17.0 TABLES~ DIAGRAMS~ FLOWCHARTS~ ~ VALIDATION DATA 

17.1 Attachment A: ETS-8-7.0 Data summary spreadsheet 

18.0 

18.1 

18.2 

18.3 

REFERENCES 

FACT-M-2.1, "’Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochemical 
Compounds from Liver for Analysis Using H:PLC-Electrospray/Mass Spectrometry" 

ETS-9-24.0, "Operation and Maintenance of the Micromass Atmospheric Pressure 
Ionization/Mass Spectrometer Quattro II triple quadrupole Systems" 

The validation report associated with this method is ETS-8-6.0 & 7.0-V-1 

19.0 

19.1 

AFFECTED DOCUMENTS 

ETS-8-6.0, "Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochemical 
Compounds from Liver or Fluid for Analysis Using HPLC-Electrospray/Mass 
Spectrometry" 
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20.0 REVISIONS 

Revision 
Number Reason For Revision 

Revision 
Date 
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Laboratory Study # 

Study: 

Test Material: 
Matrix/Final Solvent: 

MethodlRevision: 

Analytical Equipment System Number: 
Instrument Software/Version: 

Filename: 

R-Squared Value: 

Slope: 
Y Intercept: 
Date of Extraction/Analyst: 

Date of Analysis/Analyst: 

Group 
Dose 

Sample/# Concentration Dilution 
Fa~or 

Final Cone. 

Slope: Taken from linear regression equatio~ 
Group/Dose: Taken from the study folder. 

Sample#: Taken from the study folder. 

Concentration (ng/g): Taken from the MassLynx integration sun, unsay. 

Initial Wt. (g): Taken from the study folder. 

Dilution Factor: Taken from the study folder. 

Final Cone. (ug/g): Calculated by dividing the initial volume from the concentration 

Attachment A: Summary Spreadsheet ETS-8-7.0 
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3M ENVIRONMENTAL LABORATORY 

METHOD 

EXTRACTION OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER 

FLUOROCHEMICAL COMPOUNDS FROM LIVER FOR ANALYSIS USING HP’LC- 
ELECTROSPRAY/MASS SPECTROMETRY 

Method Number: ETS-8-6.0 Adoption Date: 

Author: Lisa Clemen, Robert Wyrme , 

Revision Date: 

Approved By: 

Laboratory Manager Date 

Group Leader Date 

Technical Reviewer Date 

1.0 SCOPE AND APPLICATION 

1.1 Scope: This method is for the extraction of potassium perfluorooctanesulfonate (PFOS) or 
other fluorochemical compounds from liver. 

1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds. 

1.3 Matrices: Rabbit, rat, bovine, and monkey livers or other tissues as designated in the 
validation report. 
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2.0 

2.1 

2.2 

SUMMARY OF METHOD 

This method describes the procedure for extracting potassium perfluorooctanesulfonate 
(PFOS) or other fluorochemical suffactants from liver, or other tissues, using an ion pairing 
reagent and methyl-tert-butyl ether (MtBE). In this method, seven fluorochemicals can be 
extracted: PFOS, PFOSA, PFOSAA, EtFOSE-OH, PFOSEA, M556, and surrogate 
standard. An ion pairing reagent is added to the sample and the analyte ion pair is 
partitioned into MtBE. The MtBE extract is transferred to a centrifuge tube and put onto a 
nitrogen evaporator until dry. Each extract is reconstituted in 1.0 mL methanol then filtered 
through a 3 ce plastic syringe attached to a 0.2 Ixm nylon filter into glass autovials. 

These sample extracts are analyzed following method ETS-8-7.0 or other appropriate 
methods. 

3.0 DEFINITIONS 

3.1 PFOS: perfluorooctanesulfonate (anion of potassium salt) C~z7SO3 

3.2 PFOSA: perfluorooctane sulfonylamide C~F~TSO2NI-I2 

3.3 PFOSAA: perfluorooctane sulfonylamido (ethyl)acetate CsF~TSO2N(CI-I2CH3)CH2CO~ 

3.4 EtFOSE-OH: 2(N-ethylperfluoro0ctane sulfonarnido)-ethyl alcohol 

CsF~TSO2N(CH2CH3)CH2CH2OH 

3.5 PFOSEA: perfluorooctane sulfonyl ethylamide C~F17SO2N(CH2CH3)H 

3.6 M556: CsFtTSO2N(I-I)(CH2COOI-I) 

3.7 Surrogate standard: 1H-1H-2H-2H perfluorooctane sulfonic acid 

4.0 W~Gs Ar~ CAtrrior~s 

4.1 Health and Safety Warnings: 

4.1.1 Use universal precautions, especially laboratory coats, goggles, and gloves when 
handling animal tissue, which may contain pathogens. 

5.0 ItWrERF~RENC~S 

5.1 There are no interferences known at this time. 

6.0 EQUIPME~O" 

6.1 The following equipment is used while performing this method. Equivalent equipment is 
acceptable. 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

Ultra-Turrax T25 Grinder for grinding liver samples 

Vortex mixer, VWR, Vortex Genie 2 

Centrifuge, Mistral 1000 or IEC 

Shaker, Eberbach or VWR 
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6.1.5 Nitrogen Evaporator, Organomation 

6.1.6 Balance (sensitivity to 0.100 g) 

7.0 SUPPLIES AND MATERIALS 

7.1 Gloves 

7.2 Dissecting scalpels 

7.3 Eppendorf or disposable pipettes 

7.4 Nalgene bottles, capable of holding 250 mL and 1 L 

7.5 Volumetric flasks, glass, type A 

7.6 I-CHEM vials, 40 mL glass 

7.7 Plastic sampule vials, Wheaton, 6 mL (or appropriate size) 

7.8 Centrifuge tubes, polypropylene, 15 mL -- 

7.9 Labels 

7.10 Oxford Dispensor - 3.0 to 10.0 ml 

7.11 Syringes, capable of measuring 5 ~tL to 50 ~tL 

7.12 Gr~d.uated pipettes 
7.13 Syringes, disposable plastic, 3 cc. 

7.14 Syringe filters, nylon, 0.2 tam, 25 mm 

7.15 Timer 

7.16 Crimp cap autovials and caps 

7.17 Crimpers 

Note: Prior to using glassware and bottles, rinse 3 times with methanol and 3 times with Milli.- 
Qa’~ water. Rinse syringes a minimum of 9 times with methanol, 3 rinses from 3 separate 
vials. 

8.0 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

8.10 

REAGENTS AND STANDARDS 

Type I reage.nt grade water, Milli-Q TM or equivalent; all wa~r used in this method should 
be Milli-QIM water and be provided by a Milli-Q TOC Plus .... system 

Sodium hydroxide (NaOH), J.T Baker or equivalent 

Tetrabutylammonium hydrogen sulfate(TBA), Kodak or equivalent 

Sodium carbonate (Na2CO3), J.T. Baker or equivalent 

Sodium bicarbonate (NaHCO3), J.T. Baker or equivalent 

Methyl-tert-butyl ether, Omnisolv, glass distilled or I-IPLC grade 

Methanol, Omnisolv, glass distilled or I-IPLC grade 

Liver, frozen from supplier 

Dry ice from supplier 

Fluorochemicai standards 

8.10.1 PFOS (3M Specialty Chemical Division), molecular weight = 538 
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8.11 

8.12 

8.10,2 PFOSA (3M Specialty Chemical Division), molecular weight = 499 

8.10,3 PFOSAA (3M Specialty Chemical Division), molecular weight = 585 

8.10.4 EtFOSE-OH (3M Specialty Chemical Division), molecular weight = 570 

8.10.5 PFOSEA (3M Specialty Chemical Division), molecular weight = 527 

8.10.6 M556 (3M Specialty Chemical Division), molecular weight = 557 

8.10.7 Surrogate standard: 4-H, perfluorooctane sulfonic acid (l-H, l-H, 2-H, 2-H 
CsFi~SO3H) molecular weight = 428 

8.10.8 Other fluorochemicals, as appropriate 

Reagent preparation 

NOTE: When preparing larger volumes than listed in reagent, standard, or surrogate 
preparation, adjust a.ccordingly. 

8.11.1 10 N sodium hydroxide (NaOH): Weigh ap,~ximately 200 g NaOH. Pour into a 
1000 mL beaker containing 500 mL Milli-Q water, mix until all solids are 
dissolved. Store in a 1 L Nalgene bottle. 

1 N sodium hydroxide (NaOH): Dilute 10 N NaOH 1"10. Measure 10 mL of 
10 N NaOH solution into a 100 mL volumetric flask and dilute to volume using 
MiIli-QTM water. Store in a 125 mL Nalgene bottle. 

8.11.3 0.5 M tetrabutylammonium hydrogen sulfate (TBA): Weia~ approximately 169 g 
of TBA into a 1 L~olumetric containing 500 mL Milli-Q water. Adjust to 
pH 10 using approximately 44 to 54 mL of 10 N NaOH (While adding the last mL 

of Na~O~ add slowly because the pH changes abruptly). Dilute to volume with 
Milli-Q water. Store in a 1 L Nalgene bottle. 

8.11.4 

8.11.3.1 TBA requires a check prior to each use to ensure pH = 10. Adjust as 
needed using 1 N NaOH solution. 

0.25 M sodium carbonate/sodium bicarbonate buffer (Na2CO3/NaI-ICO3): Weigh 
approximately 26.5 g of sodium carbonate (Na2CO3) and 21.0 g of sodium 
bicarbonate (NaHCO3) into a 1 L volumetric flask and bring to volume with Milli- 
Q~ water. Store in a 1 L Nalgene bottle. 

Standards preparation 

8.12,1 Prepare PFOS standards for the standard curve. 

8.12.2 Prepare other fluorochemical standards, as appropriate. Multicomponent 
fluorochemical standards are acceptable (for example, one working standard 
solution containing 1.00 ppm PFOS, 1.02 ppm PFOSA, 0.987 ppm PFOSAA, and 
1.10 ppm EtFOSE-OH.) 

8.12.3 Weigh approximately 100 mg of PFOS into a 100 mL volumetric flask and record 
the actual weight. 

8.12.4 Bring to volume with methanol for a stock standard of approximately 1000 ppm 

8.12.5 Dilute the stock solution with methanol for a working standard 1 solution of 
approximately 50 ppm. 
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8.13 

8.12.6 

8.12.7 

8.13.1 

8.13.2 

8.13.3 

Dilute the stock solution with methanol for a working standard 2 solution of 
approx. 5.0 ppm. 

Dilute the stock solution with methanol for a working standard 3 solution of 
approx. 0.50 ppm. 

Surrogate stock standard preparation 

Weigh approximately 50-60 mg of surrogate standard I-H, l-H, 2-H, 2-H, 
CsF~3SO3H into a 50 ml volumetric flask and record the actual weight. 

Bring to volume with methanol for a surrogate stock of approximately 1000-1200 
ppm. 

Prepare a surrogate working standard. Transfer approximately 1.0 ml of surrogate 
stock to a 10 ml volumetric flask and bring to volume with methanol for a 
working standard of 10-20 ppm. Record the actual volume transferred. 

9.0 SAMPLE HANDLLNG 

9.1 All samples are received frozen and must be kept frozen until the extraction is performed. 

10.0 QI~L1TY CONTROL 

10.1 Matrix blanks and method blanks 

10.1.1 An aliquot of 1.0 mL methanol is used as a solvent blank. 

10.1.2 Extract two 1.0 mL aliquots ofMilli-QTM water following this procedure and use 
as method blanks. 

10.1.3 Extract two 1.0 mL aliquots of liver homogenate following this procedure and use 
as matrix blanks. Refer to 11.1.6. 

10.2 Matrix spikes 

10.3 

10.2.1 

10.2.2 

10.2.3 

Prepare and analyze matrix spike and matrix spike duplicate samples to determine 
the accuracy of the extraction. 

Prepare each spike using a sample chosen by the analyst, usually a control liver 
received with each sample set. 

Expected concentrations will fall in the mid-range of the initial calibration curve. 
Additional spikes may be included and may fall in the low-range of the initial 
calibration curve. 

10.2.4 Prepare one matrix spike and matrix spike duplicate per 40 samples, with a 
minimum of 2 matrix spikes per batch 

Continuing calibration verifications 

10.3.1 Prepare continuing calibration verification samples to ensure the accuracy of the 
initial calibration curve. 

10,3.2 Prepare, at a minimum, one continuing calibration verification sample per group of 
10 samples. For example, ira sample set = 34, four verifications are prepared and 
extracted. 
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10.3.3 Prepare each continuing calibration verification from the same matrix used to 
prepare the initial curve. 

10.3.4 The expected concentrations will fall within the mid-range of the initial calibration 
curve. Additional spikes may be included that fall in the low-range of the initial 
calibration curve. This is necessary if the analyst must quantitate using only the 
low end of the calibration curve (for example, 5 ppb - 100 ppb, rather than 5 ppb - 
1000 ppb). 

11.0 

11.1 

11.2 

CALIBRATION AND STANDARDIZATION 

Prepare matrix calibration standards 

11.1.1 Weigh appr~mately 40 g of liver into a 250 mL Nalgene bottle containing 200 
mLs Milli-QIM water. Grind to a homogeneous solution. 

11.1.2 If40 g is not Available, use appropriate amounts of liver and water to ensure a 1:5 
ratio. 

11.1.3 

1i.1:5 

11.1.8 

Refer to 13.0 to calculate the actual density of liver homogenate and the 
concentration of solid liver tissue dispersed in 1.0 mL of homogenate solution. 

Add 1 mL of homogenate to a 15 mL centrifuge tube. Re-suspend solution by 
shaking between aliquots while preparing a total of eighteen 1 mL aliquots of 
homogeneous solution in 15 mL centrifuge tubes. 

Two 1 mL aliquots~ or other appropriate volume, serve as matrix blanks. 

Typically use the standard concentrations and spiking amounts listed in Table 1, at 
the end of this section, to spike, in duplicate, two standard curves, for a total of 
eighteen samples, two matrix blanks, and two method blanks. 

Refer to validation reports ETS-8-6.0 and ETS-8-7.0-V-1 or Attachment B, 
which lists the working ranges and the Linear Calibration Range (LCR) for 
calibration curves.. 

11.1.9 Use Attachment C as an aid in calculating the concentrations of the working 
standards. Refer to 13.0 to calculate actual concentrations of PFOS in calibration 
standards. 

To each working standard, blank, or continuing verification, add appropriate amount of 
surrogate working standard for the concentration to fall within the calibration curve range 5 
ppb - 1000ppb. 
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11.3 Extract spiked liver homogenates following 12.14-12.25 of this method. Use these 
standards to establish each initial curve on the mass spectrometer. 

Table 1 

Approximate Spiking Amounts for Calibration Standards 

Working Standard 

(Approx. Conc.) 

0.50 ppm 
0.50 ppm 
0.50 ppm 
0.50 ppm 
0.50 ppm 
5.0 ppm 
5.0 ppm 
5.0 ppm 
50 ppm 

2 
4 
10 
20 
40 
10 
20 

30 
4 

Approx. final cone. of 
PFOS in liver 

Blank 

0.005 ppm 
0.010 ppm 
0.025 ppm 
0.050 ppm 
0.100 ppm 
0.250 ppm 

0.500 ppm 
0.750 ppm 
l.O0 ppm 

12.0 I~ROI2EDURE 

12.1 Obtain frozen liver samples. 

12.2 Cut approximately 1 g of liver using a dissecting scalpel. This part of the procedure is best 
performed quickly, not allowing the liver to thaw. 

12.3 Weigh the sample directly’ imo a tared plastic sampule vial. 

12.4 Record the liver weight in the study notebook. 

12.5 Return unused liver portions to freezer. 

12.6 Add 2.5 mLs of water to sarnpule vial. 

12.7 Grind the sample. Put the ~rinder probe in the sample and grind for about 2 minutes, or 
until the sample is homogeneous. 

12,8 Rinse the probe into the sample with 2.5 mLs water using a pipette. 

12.9 Take the grinder apart and clean it with methanol a_~er each sample. Refer to AMDT-EP- 
22. 

12.10 Cap the sample and vortex for 15 seconds. Label the sampule vial with the study number, 
weight, liver ID, date and analyst initials. 
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12.11 Pipette 1.0 mL, or other appropriate volume, of homogenate into a 15 mL polypropylene 
centrifuge tube. Label the centrifuge tube with the identical information as the sampule vial. 
Refer to attached worksheet for documenting the remaining steps. 

12.12 Pipette two 1 mL aliquots ofMilli-QTM water to centrifuge tubes. These will serve as 

method blanks. 

12,13 Spike all samples, including blanks and standards ready for extraction with surrogate 
standard as described in section 11.2. 

12.14 Spike each matirx with the appropriate amount of standard as described in 11.1, or Table 1 
of that section, for the calibration curve standards. Also prepare matrix spikes and 
continuing calibration standards. 

12.15 Vortex mix the standard curve samples, matrix spike samples, and continuing calibration 
samples for 15 seconds. 

12.16 Check to ensure 0.5 M TBA reagent is at pH 10. If not, adjust accordingly. 

12.17 To each sample, add 1 mL 0.5 M TBA and 2 mL of the 0.25 M sodium carbonate/sodium 
bicarbonate buffer. 

12.18 

12.19 

12.20 

12.21 

12.22 

12.23 

12.24 

12.25 

Using an Oxford Dispenser, add 5 mL methyl-tert-butyl ether. 

Cal~ each sample and put .on the shaker at a setting of 300 rpm, for 20 minutes. 

Centrifuge for 20 to 25 minutes at a setting of 3500 rpm, or until layers are well separated. 

Label a fresh 15 mL centrifuge tube with the same information as in 12.10. 

Remove 4.0 mL of the organic layer to the fresh 15 mL centrifuge tube. 

Put each sample on the analytical nitrogen evaporator until dry, approximately 1 to 2 hours. 

Add 1.0 mL to each centrifuge tube using a graduated pipette. 

Vortex mix for 30 seconds. 

12.26 Attach a 0.2 pan nylon mesh filter to a 3 cc syringe and transfer the sample to this syringe. 
Filter into a 1.5 mL glass autovial or low-volume autovial when necessary. 

12.27 Label the autovial with the study number, animal number and gender, sample timepoint, 
matrix, final solvent, extraction date, and analyst(s) performing the extraction. 

12.28 Cap and store extracts at room temperature or at approximately 4 °C until analysis. 

12.29 Complete the extraction worksheet, attached to this document, and tape in study notebook 
or include in study binder, as appropriate. 
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13.0 DATA ANALYSIS AND CALCULATIONS 

13.1 Calculations: 

13.1.1 Calculate the average density of the liver homogenate by recording each mass often 
separate 1.0 mL aliquots of homogenate. 

Average density (mg/mL) = Average mass (rag) of the aliquots 

1.0 mL aliquot 

13.1.2 Calculate the amount of liver (rag) per 1.0 mL homogenate (or concentration of 
dispersed solid tissue per mL of homogenate suspension) using the following 
equation: 

g of Liver x. Average density* ofhomogenate (mg/mL) 
(g of Liver + g of Water) 

* refer to 13.1.1 for details. 

Calculate actual concentrations of PFOS and other fluorochemicals in calibration 
standards using the following equation: 

p.L of Standard x Concentration (ttg/mL) = Final Concentration (rtg/g or mg/kg) 
mg Liver / 1 mL homogenate* of PFOS in Liver 

*refer to 13.1.2 for details. 

14.0 M~ETHOD PERFORMANCE 

14.1 

14.2 

The method detection limit (MDL) is analyte and matrix specific. Refer to MDL report for 
specific MDL and limit of.quantitation (LOQ) values (refer to Attachments B and C). 

The following quality control samples are extracted with each batch of samples to evaluate 
the quality of the extraction and analysis. 

14.2.1 Method blanks and matrix blanks. 

14.3 

14.2.2 Matrix spike and matrix spike duplicate samples to determine accuracy and 
precision of the extraction. 

14.2.3 Continuing calibration verification samples to determine the continued accuracy of 
the initial calibration curve. 

Refer to section 14 of ETS-8-7.0 for method performance criteria. 

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT 

15.1 Sample waste is disposed in biohazard containers, flammable solvent waste is disposed in 
high BTU containers, and used glass pipette waste is disposed in broken glass containers 
located in the laboratory. 
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16.0 RECORDS 

16.1 Complete the extraction worksheet attached to this method, and tape in the study notebook 
or include in the 3-ring study binder, as appropriate. 

17.0 

17.1 

17.2 

17.3 

TABLES~ DIAGRAMS~ FLOWCHARTS~ AND VALIDATION DATA 

Attachment A, Extraction worksheet 

Attachment B, MDL/LOQ values and summary 

Attachment C, Calibration standard calculation and concentration worksheet 

18.0 

18.1 

18.2 

18.3 

19.0 

19.1 

20.0 

Revision 
Number. 

REFERENCES 

The validation report.associated with this method is ETS-8-6.0 & 7.0-V-1. 

AMDT-EP-22, "Routine Maintenance of Ultra-Turrax T-25" 

FACT-M-1.1, "Extraction of PFOS or Other Anionic Fluorochemical Surfactants from 
Liver for Analysis Using HPLC-Electrospray/Mass Spectrometry" 

AFI~CTED DOCUMENTS 

ETS-8-7.0, "Analysis of Potassium Perfluorooctanesulfonate or other Fluorochemicals in 
Liver Extracts using HPLC-Electrospray Mass Spectrometry" 

REVISIONS 

Revision 
Reason For Revision Date 
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Study # 
Matrix 
Box # 
Wk/Day 

Date Spiked/Analyst 
CCV 

MS 

MSD 

Surrogate Std 
approx, ppm 
actual ppm 
# 

FC Mix Std 
approx. 0.5 ppm 
actual ppm 
# 

FC Mix Std 
approx. 5 ppm 
actual ppm 

FC Mix Std 
approx. 50 ppm 
actual    ppm 

Commellt$ 

Liver amount =               g 

Date & Initials 

Std, # 

Std. # 

TNoAo 

Evn~3r~tor Tern _ner~ture 

T~-A- 
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MDL/LOQ values for rabbit liver 

Compound 

PFOS 
PFOSA 
PFOSAA 
EtFOSE-OH 
M556 
PFOSEA 

MDL LOQ 
(ppb) (ppb) 

8.45 26.9 
3.50 11.1 
24.6 78.3 
108 345 
82.3 262 
33.9 108 

Linear Calibration Range (LCR) 
Approximate concentrations to be used for preparing the 
Standard Calibration Curve 

30 ppb - 1200 ppb 
12 ppb - 1200 ppb 
30 ppb - 1200 ppb 
60 ppb - 900 ppb* 
60 ppb- 1200 ppb 
30 ppb- 1200 ppb 

MDL/LOQ values in rat, bovine, and monkey liver were not statistically determined. Two curves 
in each of these matrices were extracted and analyzed with the rabbit liver curves to determine 
equivalence. Responses in the rat, bovine, and monkey liver curves were equivalent to the rabbit 
responses, therefore, their MDL and LOQ will be assumed to be equivalent to those values as 
determined for the rabbit liver. 

Refer to LQQ Summary and MDL study in ETS-8-6.0 & 7.0-V-1 for further information 
* EtFOSE-OH estimates only for MDL and LOQ. Did not meet criteria for validation. 
Compound: PFOS 

Prepared 
Liver range of 
matrix standards 

(ppb) (ng/mL) 

Rabbit 6.19 - 1237 

average 

~,b) (ng/mL) 

12- 1200 

~i iili ~ i i i i:i:~i~i~ii ii~i~ ! ~i~i~:ii~i~ ~i~ii !                      ::::::::::::::::::::::::::::::: 

:::::::::::::::::::::::::::::::::::::::::::::::: 

6-300 60- 1200 i:::::::ii~iii~:i~iiiiiill 

Compound: PFOSA 
Prepared 

Liver range of 
matrix standards 

Rabbit 6.19 - 1237 

average 

12- 1200 

Range of 
low std 

(~pb) (t~#mL) 

12 - 300 

Compound: PFOSAA 
Prepared Range of i ~:~:~i:~ Range of 

: ::: ::: ::::::::::::::::::::::::::::::: :::: ::::::::::::::::::::::::::::::: ::::::::::::::::::::::: 

matrix standards curve curve :. :. :. :. :. :: i i :¢’at~e:!:::,i~:.::::~i :?: curve 

(ppb) (ng/mL) (ppb) (ng/mL) ::::::::::::::::::::::: (ppb) (ng/mL) 

::::::::::::::::::::::::::::::::::::::::::::::::::::: ~:~ ~:~ ~ ~:~:;~:~:~ i:;~:~:~;~ 
Rabbit 6.16 - 1232 12 - 1200 ::!i::::::30:~::12001::!::::::. 30 - 900 
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Compound: PFOSEA 
Prepared 

Liver range of 
matrix standards 

(m~b) (n~rnL) 

Rabbit 6.17 - 1235 

Compound: M556 
Prepared 

Liver     range of 
matrix. , standards 

.," (l~b) (ng/mL) 

Rabbit 6.17 - 1235 31 - 1200 :::::::::::::::::::::::::::::::::::    N/A N/A 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
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Ion Pair Standard Curves - Tissue 

Prep date(s): 
Analyte(s): 
Sample matrix: 

Method/revision: 
Target analyte(s): 
FC mix std approx. 0.500 ppm: 
FC mix std approx. 5.00 ppm: 
FC mix std approx. 50.0 ppm: 
Surrogate std approx. 100 ppm: 

Standard number: 
Equipment number: 
Final solvent and TN: 

Blank liver/identifier: 

Actual concentrations of stahdards in the FC mix 

PFOS PFOSA PFOSAA EtFOSE 

Std cone Std cone Std cone Std cone 

ugmL u$/mL u~/mL ug/mL 

0.500 0.500 0.500 0.500 

0.500 0.500 0.500 0.500 

0.500 ’ ° 0.500 0.500 0.500 

0.500 0.500 0.500 0.500 

0.500 0.500 0.500 0.500 

5.00 5.00 5.00 "5.00 

5.00 5.00 5.00 5.00 

5.00 5.00 5.00 5.00 

50.0 50.0 50.0 50,0 

PFOSEA 
Std cone 
ug/mL 
0.500 
0.500 
0.500 
0.500 
0.500 
5.00 
5.00 
5.00 
50.0 

M556 
Std cone 
u#rnL 
0.500 
0.500 
0.500 
0.500 
0.500 
5.00 
5.00 
5.00 
50.0 

Std cone 
u~/mt. 

Am’t spiked 
mL 

0.002 

0.004 

0.010 

0.020 

0.040 

0.010 
0.020 

0.030 

0.004 

Calculated concentrations of standards in the 
PFOS 
Final 
COI1C 

5.99 

12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

PFOSA 
Final 

conc 

5.99 

12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

PFOSAA 
Final cone 

5.99 

12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

EtFOSE 
Final 

conc 
ng/g 

5.99 

12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

sample matrix 
PFOSEA 

Final 
Gong 

5.99 

12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

M556 
Final Std cone 

conc ng/g 
ng/g 
5.99 
12.0 

29.9 

59.9 

120 

299 

599 

898 

1198 

Surrogate 
Std cone 
ng/mL 

Surrogate 

Final cone 

0.500 

Validated 
Liver 
Rabbit 
Bovine 

Rat 
Monkey 

- approximate concentrations 
PFOS        PFOSA      PFOSAA 

5-1000 ppb     5-1000 ppb     5-1000 ppb 
Estimates only, use rabbit values. 
Estimates only, use rabbit values. 
Estimates only, use rabbit values. 

EtFOS~-OH 
5-1000 ppb 

POAA 

All 
Density 

g 

0.167 

0.167 

0.167 

0.167 
0.167 

0.167 
0.167 

0.16"7 

0.167 

All 
Am’t 

spikod 
mL 

0.005 

PFOSEA 
5-1000 lrpb 
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3M ENVIRONMENTAL LABORATORY 

METHOD 

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER 

FLUOROCHEMICALS IN SERUM EXTRACTS USING 

I-IPLC-ELECTROSPRAY/MASS SPECTROMETRY 

Method Number: ETS-8-5.1 Adoption Date: 03/01/99 

Author: ,.Lisa Clemen, Robert Wynne 

~ . 

Approved By: 

Revision Date: 

Laboratory Manager Date 

Group Leader Date 

Technical Reviewer Date 

1.0 SCOPE AND APPLICATION 

I.I Scope: This method describes the analysis of sea-tma extracts for fluorochemieal surfaetants 
using HPLC-electrospray/mass spectrometry. 

1.2 Applicable Compounds: Fluorochernical surf’actants or other fluorinated compounds, or 
other ionizable compounds. 

1.3 Matrices: Rabbit, rat, bovine, monkey, and human serum, or other fluids as designated in the 
validation report. 

Word 6/95 ETS-8-5.1 
Analysis of Serum Extract Using ES/MS 

Page I of 9 

3M MNO166608D 

2814.0084 



2.0 

2.1 

SUMMARY OF METHOD 

This method describes the analysis of fluorochemical surfactants extracted from serum or 
other fluids, using HPLC-electrospray/mass spectrometry, or similar system as appropriate. 
The analysis is performed by monitoring a single ion characteristic of a particular 
fluorochemical, such as the perfluorooctanesulfonate (PFOS) anion, rnlz= 499. 
Additionally, samples may be analyzed using a tandem mass spectrometer to further verify 
the identity of a compound by detecting daughter ions of the parent ion. 

3.0 

3.1 

DEFINITIOI~S 

Atmospheric Pressure Ionization (API): The Micromass Quattro II triple quadrupole 
systems allow for various methods of ionization by utilizing various sources, probes, and 
interfaces. These include but are not limited to: Eleetrospray Ionization (’ESI), Atmospheric 
Pressure chemical Ionization (APcI), Thermospray, etc. The ionization process in these 
techniques occurs at atmospheric pressure (i.e., not under a vacuum). 

3.2 

3.3 

Electrospray Ionization (ES, ESI): a method of ionization performed at atmospheric 
pressure, whereby ions in solution are transferred to the gas phase via tiny charged droplets. 
These charged droplets are produced by the application of a strong electrical field. 

Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer 
(MS/MS): The API Quattro II triple quadrupole systems are equipped with quadrupole mass 
selective detectors. Ions are selectively discriminated by mass to charge ratio (m/z) and 
subsequently detected. A single MS may be employed for ion detection or a series (MS/MS) 
for more specific fragmentation information. 

3.4 Conventional vs. Z-spray probe interface: The latest models ofMicromass Quattro II 
triple quadrupole systems (post 1998) utilize a "Z-spray" conformation. The spray emitted 
from a probe is orthogonal to the cone aperture. In the conventional conformation it is aimed 
directly at the cone aperture, after passing through a tortuous pathway in the counter 
electrode. Though the configuration is different, the methods of operation, cleaning, and 
maintenance are the same. However, Z-spray components and conventional components are 
not compatible with one another, but only with similar systems (i.e., Z-spray components are 
compatible with some other Z-spray systems, etc.) 

3.5 Mass Lynx Software: System software designed for the specific operation of these 
Quattro II triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT 
4.0 versions. All versions are similar. For more details see the manual specific to the 
instrument (Micromass Quattro II triple quadrupole MassLynx or MassLynx NT User’ s 
Guide). 

4.0 

4.1 

WARNINGS AND CAUTIONS 

Health and Safety Warnings: 

4.1.1 Use caution with the voltage cables for the probe. When engaged, the probe 
employs a voltage of approximately 5000 Volts. 
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4.1.2 When handling samples or solvents wear appropriate protective gloves, eyewear, 
and clothing. 

4.2 Cautions: 

4.2.1 Do not operate solvent pumps above capacity of 400 bar (5800 psi) back pressure. 
If the back pressure exceeds 400 bar, the HP1100 will initiate automatic shutdown. 

4.2.2 Do not run solvent pumps to dryness. 

5.0 INTERFERENCES 

5.1 To minimize interferences when analyzing samples, teflon should not be used for sample 
storage or any part of instrumentation that comes in contact with the sample or extract. 

6.0 EQU-~PM~rCr       " 

6.1 Equipment listed below may be modified in order to optimize the system. Document any 
modifications in the raw data as method deviations. 

6.1.1 

6.1.2 

Micromass Quattro II triple quadmpole Mass Spectrometer equipped with an 
electrospray ionization source 

I-I:P 1100 low pulse solvent, pumping system, solvent degasser, column compartment, 
and autosampler 

7.0 

7.1 

SUPPLIES AND ]3¢t&TERIALS 

Supplies 

7.1.1 High purity grade nitrogen gas regulated to approximately 100 psi (House air 
system) 

7.1.2 H:PLC analytical column, specifics to be determined by the analyst and documented 
in the raw data. 

7.1.3 Capped autovials or capped 15 mL centrifuge tubes 

8.0 REAGENTS AND STANDARDS 

8.1 Reagents 

8.1.1 Methanol, HPLC grade or equivalem 

8.1.2 Milli-QTM water, all water used in this method should be Milli-QTM water or 
equivalent, and may be provided by a Milli-Q TOC Plus system or other vendor 

8.1.3 Ammonium acetate, reagent grade or equivalent 

8.2 Standards 

8.2.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards are 
prepared during the extraction procedure. See ETS-8-4.1. 

9.0 SAMPLE HANDLING 
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9.1 

9.2 

Fresh matrix standards are prepared with each analysis. Extracted standards and samples 
are stored in capped autovials or capped 15 mL centrifuge tubes until analysis. 

If analysis will be delayed, extracted standards and samples can be refrigerated at 
approximately 4° C, or at room temperature, until analysis can be performed. 

10.0 QUALITY CONTROL 

10.1 Solvent Blanks, Method Blanks and Matrix Blanks 

10.2 

10.3 

10.1.1 Solvent blanks, method blanks and matrix blanks are prepared and analyzed with 
each batch to determine contamination or carryover. 

10.1.2 Analyze a method blank and a matrix blank prior to each calibration curve. 

Matrix Spikes 

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effect on the 
recovery efficiency. 

10.2.2 Matrix spike duplicates are prepared and analyzed to measure the precision and the 
recovery for each analyte. 

1012:3 Analyze a matrix spike and matrix spike duplicate per forty samples, with a 
minimum of 2 spikes per batch. 

10.2.4 Matrix spike and matrix spike duplicate concentrations will fall in the mid-range of 
the initial calibration curve. Additional spike concentrations may fall in the low- 
range of the initial calibration curve. 

Continuing Calibration Verifications 

10.3.1 Continuing calibration verifications are analyzed to verify the continued accuracy of 
the calibration curve. 

10.3.2 Analyze a mid-range calibration standard after every tenth sample, with a minimum 
of one per batch. 

11.0 

11.1 

11.2 

11.3 

CALIBRATION AND STANDARDIZATION 

Analyze the extracted matrix standards prior to and following each set of extracts. The 
average of two standard curves will be plotted by linear regression (y = my + b), weighted 
l/x, not forced through zero, using MassLynx or other suitable software. 

If the curve does not meet requirements, perform routine maintenance or reextract the 
standard curve (if necessary) and reanalyze. 

For purposes of accuracy when quantitating low levels of analyte, it may be necessary to 
use the low end of the calibration curve rather than the full range of the standard curve. 
Example: when attempting to quantitate approximately 10 ppb of analyte, generate a 
calibration curve consisting of the standards from 5 ppb to 100 ppb rather than the full 
range of the curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linear 
regression weighting of high concentration standards. 
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12.0 

12.1 

12.2 

PROCEDURES 

Acquisition Set up 

12.1.1 Click on start button in the Acquisition Control Panel. Set up a sample list. Assign a 
filename using MO-DAY-Iast digit of year-sample number, assign a method (MS) 
for acquiring, and type in sample descriptions. 

12.1.2 To create a method click on scan button in the Acquisition control panel and select 
SIR (Single Ion Recording) or MRM. Set Ionization Mode as appropriate mad mass 
to 499 or other appropriate masses. A full scan is usually collected along with the 
SIRs. Save acquisition method. If MS/MS instruments are employed, additional 
product ion fragmentation information may be collected. See Micromass MassLynx 
GUIDE TO DATA ACQUISITION for additional information and MtLM (Multiple 
Reaction Motiitoring). 

12.1.3 Typically the analytical batch run sequence begins with a set of extracted matrix 
standards and ends with a set of extracted matrix standards. 

Using 

12.2.1 

12.2.2 

Samples are analyzed with a continuing calibration check injected after every tenth 
sample. Solvent blanks should be analyzed periodically to monitor possible analyte 
carryover and are not considered samples but may be included as such 

the Autosampler 

Set up sample tray according to the sample list prepared in Section 12.1.1. 

Set-up the HP1100/autosampler at the following conditions or at conditions the 
analyst considers appropriate for optimal response. Record actual conditions in the 
instrument logbook: 

12.2.2.1 Sample size = 10 I.tL injection 

12.2.2.2 Inject/sample = 1 

12.2.2.3 Cycle time = 13.5 minutes 

12.2.2.4 Solvent ramp = 

Time MeOH 2.0 mM 
Ammonium acetate 

0.00 rain. 40% 60% 
8.50 min. 90% 10% 
11.0 rain. 90% 10% 
12.0 rain. 40% 60% 

12.2.2.5 Press the "Start" button. 

12.3 Instrument Set-up 

12.3.1 Refer to ETS-9-24.0 for more details. 

12.3.2 Check the solvent level in reservoirs and refill if necessary. 
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12.3.3 Check the stainless steel capillary at the end of the probe. Use an eyepiece to check 
the tip. The tip should be flat with no jagged edges. If the tip is found to be 
unsatisfactory, disassemble the probe and replace the stainless steel capillary. 

12.3.4 Set HPLC pump to "On". Set the flow to 10 - 500 uL/min or as appropriate. 
Observe droplets coming out of the tip of the probe. Allow to equilibrate for 
approximately 10 minutes. 

12.3.5 

12.3.6 

Turn on the nitrogen. A fine mist should be expelled with no nitrogen leaking 
around the tip of the probe. Readjust the tip of the probe if no mist is observed. 

The instrument uses these parameters at the following settings. These settings may 

change in order to optimize the response: 

12.3.6.1 Drying gas 250-400 liters/hour 

12.3.6.2 ESI .nebulizing gas 10-15 liters/hour 

12.3.6.3 HPLC constant flow mode, flow rate 10 - 500 gL/min 
12.3.6.4 Pressure <400 bar (This parameter is not set, it is a guide to ensure the 

HPLC is operating correctly.) 

12.3.8 

Carefully guide the probe into the opening. Insert probe until it will not go any 
further. Cormeet the voltage cables to the probe. 

Print the tune page, with its parameters, and store it in the study binder with a copy 
taped into the instrument log. 

12.3.9 Using the cross-flow counter electrode in the ES/MS source is recommended for the 
analysis of biological matrices. 

12.3.10Click on start button in the Acquisition Control Panel (this may vary among 
MassLyrLx versions, see appropriate MassLynx USER’S GUTDE). Press the start 
button. Ensure start and end sample number includes all samples to be analyzed. 

13.0 DATA ANALYSIS AND CALCULATIONS 

13.1 Calculations: 

13.1.4 Calculate matrix spike percent recoveries using the following equation: 

% Recovery = Observed Result - Background Result x 100 
Expected Result 

13.1.5 Calculate percent difference using the following equation: 

% Difference = Expected Cone. - Calculated Cone. x 100 
Expected Cone. 

13.1.6 Calculate actual concentration of PFOS, or other fluoroehemical, in matrix 0xg/mL): 

(ng of PFOS talc. from std. Curve x Dilution Factor’} x 1 lag 
(Initial Volume of matrix (mL) + mL of Surrogate Standard) 1000 ng 

Final Volume (mL) 
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14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

14.7 

METHOD PERFORMANCE 

Method Detection Limit (MDL) and Limit ofQuantitation (LOQ) are method, analyte, and 
matrix specific. Please see ETS-8-4.1, Attachment B, for a listing of current validated 
MDL and LOQ values. 

Solvent Blanks, Method Blanks, and Matrix Blanks 

14.2.1 Solvent blanks, method blanks, and matrix blanks values are must be below the 
lowest standard in the calibration curve 

Calibration Curves 

14.3.1 The r2 value for the calibration curve must be 0.980 or better. 

Matrix Spikes 

14.4.1 Matrix spike percent recoveries are must be within _+ 30% of the spiked 
concentration. 

Continuing Calibration Verifications 

14.5.1 Continuing calibration verification percent recoveries must be +__ 30% of the spiked 
. ...:. concentration. 

If criteria listed in this method performance section isn’t met, maintenance may be 
performed on the system and samples reanalyzed or other actions as determined by the 
analyst. Document all actions in the appropriate logbook. 

If data are to be reported when performance criteria have not been met, the data must be 
footnoted on tables and discussed in the text of the report. 

15.0 POLLUTION ~REVENTION AND WASTE MANAGEMENT 

15.1 Sample extract waste and flammable solvent is disposed in high BTU containers, and glass 
pipette waste is disposed i.n broken glass containers located in the laboratory. 

16.0 

16.1 

16.2 

16.3 

16.4 

16.5 

RECORDS 

Each page generated for a study must have the following information included either in the 
header or hand written on the page: study or project number, acquisition method, 
integration method, sample name, extraction date, dilution factor (if applicable), and 
analyst. 

Print the tune page, sample list, and acquisition method from MassLynx to include in the 
appropriate study folder. Copy these pages and tape into the instrument runlog. 

Plot the calibration curve by linear regression, weighted l/x, then print these graphs and 
store in the study folder. 

Print data integration summary, integration method, and chromatograms, from MassLynx, 
and store in the study folder. 

Summarize data using suitable software (Excel 5.0) and store in the study folder, see 
Attachment A for an example era summary spreadsheet. 
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16.6 Back up electronic data to appropriate medium. Record in study notebook the file name 
and location of backup electronic data. 

17.0 TABLES~ DIAGRAMS~ FLOWCHARTS,~ AND VALIDATION DATA 

17.1 Attachment A: ETS-8-5.1 Data summary spreadsheet. 

18.3 

18.0 REFERENCES 

18.1 FACT-M-4.1, "Extraction of Potassium Pertluorooctanesulfonate or Other Fluorochemieal 
compounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry 

18.2 ETS-9-24.0, "Operation and Maintenance of the Mieromass Atmospheric Pressure 
Ionization/Mass Spectrometer Quattro II triple quadrupole Systems" 

The validation report-associated with this method is ETS-8-4.0 & &0~V-1. 

19.1 ETS-8-4.1, "Extraction of Potassium Perfluorooetanesulfonate or Other Fluorochemical 

Co~.m, pounds from Serum for Analysis Using HPLC-Electrospray/Mass Spectrometry" 

20.0 REVISIONS 

Revision Revision 
Number. Reason For Revision Date 

1 Section 6.1.2 Clarification ofI-IP1100 system components. 04/02/99 
Section 11.1 Average of two curves, not standard values, are used for 
plotting linear regression and added the 1/x weighting of the curve. 
Section 12.2.2.4 Claritieation of solvent ramp. 
Section 17.1 Changed from attachment B to A. 
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Laboratory Study # 

Study: 

Test Mat~ial: 

Matrix/Final Solvent: 

Method!Revision: 

Analytical Equipment System Number: 

Instrument Software/Version: 

Filename: 

R-Squared Value: 

Slope: 

Y Intercept: 

Date of Extraction]Analyst: . 

Date of Analysis/Analyst: 

Group Sample# Concentration 
u~/mL 

Initial VoL 

mL 

Dilution 
Factor 

Final Cone. 
upJmL 

Slope: Taken from linear regression equation. 

Group/Dose: Taken from the study folder. 

Sample#: Taken from the study folder. 

Concentration (ug/mL): Taken from the MassLynx integration summary. 

Initial Volume (mL): Taken from the study folder. 

Dilution Factor: Taken from the study folder. 

Final Cone. (ug/mL): Calculated by dividing the initial volume from the concentration 
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3M ENVIRONMENTAL LABORATORY 

METHOD 

ANALYSIS OF POTASSIUM PERFLUOROOCTANESULFONATE OR OTHER 

FLUOROCHEMICALS IN LIVER EXTRACTS USING 

H~LC-ELECTROSPRAY/MASS SPECTROMETRY 

Method Number: ETS-8-7.0 Adoption Date: 

Author: Lisa Clemen, Glenn Langenburg 

Approved By: 

Revision Date: 

Laboratory Manager Date 

Group Leader Date 

Technical Reviewer Date 

1.0 SCOPE AND APPLICATION 

1.1 Scope: This method is for the analysis of liver extracts for fluorochemieal surfactants using 
HPLC-electrospray/mass spectrometry. 

1.2 Applicable Compounds: Fluorochemical surfactants or other fluorinated compounds, or 
other ionizable compounds. 

1.3 Matrices: Rabbit, rat, bovine, monkey liver, or other tissues as designated in the validation 
report. 
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2.0 SUMMARY OF METHOD 

2.1 This method describes the analysis of fluorochemical surfactants extracted from liver using 
HPLC-electrospray/mass spectrometry, or similar system as appropriate. The analysis is 
performed by monitoring a single ion characteristic of a particular fluorochemical, such as 
the perfluorooctanesulfonate (PFOS) anion, rn/z = 499. Additionally, samples may be 
analyzed using a tandem mass spectrometer to further verify the identity of a compound by 
detecting daughter ions of the selected parent ion. 

3.0 

3.1 

DEFINITIONS 

Atmospheric Pressure Ionization (API): The Micromass Quattro II triple quadrupole 
systems allow for various methods of ionization by utilizing various sources, probes, and 
interfaces. These include but are not limited to: Electrospray Ionization (ESI), Atmospheric 
Pressure chemical Ionization (APcI), Thermospray, etc. The ionization process in these 
techniques occurs at atmospheric pressure (i.e. not under a vacuum). 

3.2 

3.3 

3.4 

3.5 

Electrospray Ionization (ES, ESI): a method of ionization performed at atmospheric 
pressure, whereby ions in solution are transferred to the gas phase via tiny charged droplets. 
These charged droplets are produced by the application of a strong electrical field. 

Mass Spectrometry, Mass Spectrometer (MS), Tandem Mass Spectrometer 
(MS/MS): The API Quattro II triple quadrupole mass spectrometer is equipped with two 
quadrupole mass selective detectors and a collision cell. Ions are selectively discriminated by 
mass to charge ratio (m/z) and subsequently detected. A single MS may be employed for ion 
detection or an ion may be selected in the first quadrupole, fragmented in the collision cell, 
and these fragments may be analyzed in the second quadrupole. 

Conventional vs. Z-spray probe interface: The latest models ofMicromass Quattro II 
triple quadrupole (post 1998) utilize a "Z-spray" conformation. The spray emitted from a 
probe is orthogonal to the cone aperture. In the conventional conformation it is aimed 
directly at the cone aperture, aider passing through a tortuous pathway in the counter 
electrode. Though the configuration is different, the methods of operation, cleaning, and 
maintenance are the same. However, Z-spray components and conventional components are 
not compatible with one another, but only with similar systems (i.e. Z-spray components are 
compatible with other Z-spray systems, etc.) 

Mass Lynx Software: System software designed for the specific operation of these 
Quattro II triple quadrupole systems. Currently MassLynx has Windows 95 and WindowsNT 
4.0 versions. All versions are similar. For more details refer to the manual specific to the 
instrument (Micromass Quattro II triple quadrupole MassLynx or MassLynx NT User’ s 
Guide). 

4.0 

4.1 

WARNINGS AND CAUTIONS 

Health and Safety Warnings: 

4.1.1 Use caution with the voltage cables for the probe. When engaged, the probe 
employs a voltage of approximately 5000 Volts. 
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4.1.2 When handling samples or solvents wear appropriate protective gloves, eyewear, 
and clothing. 

4.2 Cautions: 

4.2.1 Operate the solvent pumps below a back pressure of 400 bar (5800 psi). If the back 
pressure exceeds 400 bar, the I-£P1100 will initiate automatic shutdown. 

4.2.2 Do not run solvent pumps to dryness. 

5.0 Ib’TERFERENCES 

5.1 TO minimize interferences when analyzing samples, Teflon shall not be used for sample 
storage or any part of instrumentation that comes in contact with the sample or extract. 

6.0 EQUIPMENT 

6.1 Equipment listed below may be modified in order to optimize the system. Document any 
modifications in the raw data as method deviations. 

Micromass Quattro II triple quadrupole Mass Spectrometer equipped with an 
electrospray ionization source. 

PIP 1100 low pulse solvent pumping system, solvent degasser, column compartment, 
and autosampler 

7.0 SUPPLIES AND MATERIALS 

7.1 Supplies 

7.1.1 High purity grade air regulated to approximately 100 psi (house air system) 

7.1.2 HPLC analytical column, specifics to be determined by the analyst and documented 
in the raw data 

7.1.3 Capped autovials or capped i5 ml centrifuge tubes 

8.0 REAGENTS ~ ST~u’~Xm~S 

8.1 Reagents 

8.1.1 Methanol, HPLC grade or equivalent 

8.1.2 Milli-QTM water (ASTM type I), all water used in this method should be ATSM type 
I, or equivalent, and be provided by a Milli-Q TOC Plus system or other vendor 

8.1.3 Ammonium acetate, reagent grade or equivalent 

8.1.3.1 When preparing different amounts than those listed, adjust accordingly. 

8.1.3.2 2.0 mM ammonium acetate solution: Weigh approximately 0.300 g 
ammonium acetate. Pour into a 2000 mL volumetric container containing 
2000 mL Milli-QTM water, mix until all solids are dissolved. Store at room 
temperature. 
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8.2 Standards 

8.2.1 Typically two method blanks, two matrix blanks, and eighteen matrix standards are 
prepared during the extraction procedure. Refer to ETS-8-6.0. 

9.0 SAMPLE HANDLIaNG 

9.1 Fresh matrix standards are prepared with each analysis. Extracted standards and samples 
are stored in capped autovials or capped 15 ml centrifuge tubes until analysis. 

9.2 If analysis will be delayed, extracted standards and samples may be stored at room ~ 
temperature, or refrigerated at approximatdy 4° C, until analysis can be performed. 

10.0 QUALITY CONTROL 

10.1 Method Blanks and.Matrix Blanks 

10.2 

10.3 

10.1.1 Solvent blanks, method blanks, and matrix blanks are prepared and analyzed with 
each batch to determine contamination or carryover. 

10.1.2 Analyze a method blank and a matrix blank prior to each calibration curve. 

Matrix Spikes 

10.2.1 Matrix spikes are prepared and analyzed to determine the matrix effect on the 
recovery efficiency.. 

10.2.2 Matrix spike duplicates are prepared and analyzed to measure the precision and the 
recovery for each analyte. 

10.2.3 Analyze a matrix spike and matrix spike duplicate per forty samples. With a 
minimum of 2 spikes per batch. 

10.2.4 Matrix spike and matrix spike duplicate concentrations will fall in the mid-range of 
the initial calibration curve. Additional spike concentrations may fall in the low- 
range of the initial calibration curve. 

Continuing Calibration Checks 

10.3.1 Continuing calibration verifications are analyzed to verify the continued accuracy of 
the calibration curve. 

10,3.2 Analyze a mid-range calibration standard every tenth sample, with a minimum of one 
per batch. 

11.0 CALIBRATION AND STANDARDIZATION 

11.1 Analyze the extracted matrix standards prior to and following each set of sample extracts. 

The average of two standard curves will be plotted by linear regression (y = mx + b), 
weighted l/x, not forced through the origin, using MassLynx or other suitable sot~avare. 

11.2 If the curve does not meet requirements perform routine maintenance or reextract the 
standard curve (if necessary) and reanalyze. 
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11.3 For purposes of accuracy when quantitating low levels of analyte, it may be necessary to 
use the low end of the calibration curve rather than the full range of the standard curve. 
Example: when attempting to quantitate approximately 10 ppb of analyte, generate a 
calibration curve consisting of the standards from 5 ppb to 100 ppb rather than the full 
range of the curve (5 ppb to 1000 ppb). This will reduce inaccuracy attributed to linear 
regression weighting of high concentration standards. 

12.0 PROCEDURES 

12.1 Acquisition Set up 

12.1.1 Set up the sample list. 

12.1.3 

12.1.1.1 Assign a sample list filename using MO-DAY-last digit of year-increasing 
letter of the alphabet starting with a 

12.1.1.2 Assign a method (MS file) for acquiring 
12.1.1.3 Assign an HPLC program (Inlet file) 

12.1.1.4 Type in sample descriptions and vial position numbers 

To create a method click on method in the Acquisition control panel then mass 
spectrometer headinss and select SIR (Single Ion Recording) or MRM (Multiple 
Reaction Monitoring). Set Ionization Mode as appropriate and mass to 499 or 
other appropriate masses.’. A full scan is usually collected along with the SI~. Save 
acquisition method. If MS/MS instruments are employed, additional product ion 
fragmentation information may be collected. Refer to Micromass MassLynx 
GUIDE TO DATA ACQUISITION for additional information and MRS. 

Typically the analytical batch run sequence begins and ends with a set of extracted 
matrix standards. 

12.1.4 Samples are analyzed with a continuing calibration verification injeCted standard 
after every tenth sample. Solvent blanks should be analyzed periodically to monitor 
possible analyte c .arryover and are not considered samples but may be included as 
such. 

12.2 Using 

12.2.1 

12.2.2 

the Autosampler 

Set up sample tray according to the sample list prepared in Section 12.1.1. 

Set-up the HP1100/autosampler at the following conditions or at conditions the 
analyst considers appropriate for optimal response. Record actual conditions in the 
instrument logbook: 

12.2.2.1 Sample size = 10 IxL injection 

12.2.2.2 Inject/sample = 1 

12.2.2.3 Cycle time = 9 minutes 
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12.2.2.4 Solvent ramp conditions 

Time MeOH 2.0 mM 
Ammonium acetate 

0.00 rain. 4O% 60% 
1.0 min. 40% 60% 
4.5 min. 95% 5% 
6.5 rain. 95% 5% 
7.0 min. 40% 60% 
9.0 mi. 40% 60% 

12.3 

12.2.2.5 Press the "Start" button. 

Instrument Set-up 

12.3.1 Refer to ETS-9-24.0, "Operation and Maintenance of the Micromass Quattro II 
Triple 0uadrupole Mass Spectrometer Fitted with an Atmospheric Pressure 
Ionization Source," for more details. 

!2.3.2 

12.3~3 

Check the solvent level in reservoirs and refill if necessary. 

Check the stainless steel capillary at the end of the probe. Use an eyepiece to check 
the tip. The tip should be fiat with no jagged edges. If the tip is found to be 
unsatisfactory, disassemble the probe and replace the stainless steel capillary. 

12.3.4 Turn on the nitrogen. 

12.3.5 Open the tune page. Clicks on operate to initiate source block and desolvation 
heaters. 

12.3.6 Open the Inlet Editor. 

12.3.6.1 

12.3.6.2 

12.3.6.3 

12.3.7 

Set HPLC pump to "On" 
Set the flbw to 10 --500 uL/min or as appropriate 
Observe droplets coming out of the tip of the probe. A fine mist should be 
expelled with no nitrogen leaking around the tip of the probe. Readjust the 
tip of the probe if no mist is observed 

12.3.6.4 Allow to equilibrate for approximately 10 minutes. 

The instrument uses these parameters at the following settings. These settings may 
change in order to optimize the response: 

12.3.7.1 Drying gas 250-400 liters/hour 

12.3.7.2 ESI nebulizing gas 10-15 liters/hour 

12.3.7.3 HPLC constant flow mode flow rate 10 - 500 IxL/min 
12.3.7.4 Pressure <400 bar (This parameter is not set, it is a guide to ensure the 

HPLC is operating correctly.) 

12.3.7.5 Source block temperature 150° 

12.3.7.6 Desolvation temperature 250° 
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12.3.8 Print the tune page, with its parameters, and store it in the study binder with a copy 
taped into the instrument log. 

12.3.9 Click on start button in the Acquisition Control Panel (this may vary among 
MassLynx versions, refer to appropriate MassLynx User’s Guide). Ensure start and 
end sample number includes all samples to be analyzed. 

13.0 DATA ANALYSIS AND CALCULATIONS 

13.1 Calculations: 

13.1.4 Calculate matrix spike percent recoveries using the following equation: 

% Recovery = Observed Result - Background Result x 100 
Expected Kesult 

13.1.5 Calculate percent difference using the following equation: 

% Difference = Expected Cone. - Calculated Cone. x 100 
Expected Cone. 

13.1.6 Calculate actual concentrations in matrix 

" "~" (ng ofPFOS calc. from std. Curve x Dilution Factor) x 
(Initial Weight of Liver (g) 

Final Volume (mL) 

1 ~g 
1000ng 

14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

METHOD PERFORMANCE 

Method Detection Limit (MDL) and Limit of Quantitation (LOQ) are method, analyte, and 
matrix specific. Refer to ETS-8-6.0, Attachment B for a listing of current validated MDL 
and LOQ values. 

Solvent Blanks, Method Blanks and Matrix Blanks 

14.2.1 Solvent blanks, m~thod blanks, and matrix blanks must be below the lowest standard 
in the calibration curve. 

Calibration Curves 

14.3.1 The r2 value for the calibration must be 0.980 or better. 

Matrix Spikes 

14.4.1 Matrix spike percent recoveries must be within :!: 30% of the spiked concentration. 

Continuing Calibration Verification 

14.5.1 Continuing calibration verification percent recoveries must be within + 30% of the 
spiked concentration. 

If criteria listed in the method performance section are not met, maintenance may be 
performed on the system and samples reanalyzed or other actions as determined by the 
analyst. Document all actions in the appropriate logbook. 
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14.7 If data are to be reported when performance criteria have not been met, the data must be 
footnoted on tables and discussed in the text of the report. 

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT 

1S,1 Sample extract waste and flammable solvent is disposed in high BTU containers, and glass 
pipette waste is disposed in broken glass containers located in the laboratory. 

16.0 

16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

RECORDS 

Each page generated for a study must have the following information included either in the 
header or hand written on the page: study or project number, acquisition method, 
integration method, sample name, extraction date, dilution factor (if applicable), and 
analyst. 

Print the tune page, sample list, and acquisition method from MassLynx to include in the 
appropriate study folder. Copy these pages and tape into the instrument runlog. 

Plot the calibration curve by linear regression, weighted l/x, then print these graphs and 
store in the study folder. 

Print data integration summary, integration method, and chromatograms from MassLynx 
an~i ~tore in the study folder. 

Summarize data using suitable software (Excel 5.0+) and store in the study folder, refer to 
Attachment A for an example of a summary spreadsheet. 

Back up electronic data to appropriate medium. Record in study notebook the file name 
and location of backup electronic data. 

17.0 TABLES~ DIAGRAMS~ FLOWCHARTS~ AND VALIDATION DATA 

17.1 Attachment A: ETS-8-7.0 Data summary spreadsheet 

18.0 REFERENCES 

18.1 FACT-M-2.1, "Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochemical 
Compounds ~rom Liver for Analysis Using I-[PLC-Electrospray/Mass Spectrometry" 

18.2 ETS-9-24.0, "Operation and Maintenance of the Mieromass Atmospheric Pressure 
Ionization/Mass Spectrometer Quattro II triple quadrupole Systems" 

18.3 The validation report associated with this method is ETS-8-6.0 & 7.0-Vol 

19.0 

19.1 

AFFECTED DOCUMENTS 

ETS-g-6.0, "Extraction of Potassium Perfluorooctanesulfonate or Other Fluorochemicai 
Compounds from Liver or Fluid for Analysis Using HPLC-Electrospray/Mass 
Spectrometry" 
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20.0 REvisIoNs 

Revision 
Number Reason For Revision 

Revision 
Date 
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Laboratory Study # 

Study: 
Test Material: 
Matrix/Final Solvent: 
Method/Revision: 
Analytical Equipment System Number: 
Instrument Sof~vare/Version: 
Filename: 
P,-Squared Value: 
Slope: 

Y Intercept: 
Date of Extraction/Analyst: 
Date of Analysis/Analyst:    " 

Group 

Dose 
Sample# Concentration 

n~/~ 
Initial Wt. 

g 
Dilution 
Factor 

Final Con©. 
up/g 

Slope: Takm from linear regression equation. 
Group/Dose: Taken from the study folder. 
Sample#: Taken from the study folder. 
Concentration (rig/g): Taken from the MassLyax integration summaxv. 
Initial Wt. (g): Taken from the study folder. 
Dilution Factor: Taken from the study folder. 
Final Cone. (ug/g): Calculated by dividing the initial volume fi’om the concentration 
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