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Analysis of polycyclic aromatic hydrocarbon compounds in sediment by 

gas chromatography / mass spectrometry 

LS 8022

1.
Scope and Application

This SOP describes the use of the Agilent Technologies 5973 Gas Chromatograph /Mass Spectrometer  (GC/MS) system, with NT Target® software, for the analysis of soil, sediment and suspended sediment samples according to laboratory schedules (LS) 8022 (polycyclic aromatic hydrocarbons).  Specifics regarding the use of Target software for data acquisition can be found in SOP OX0370.0, “Data Analysis Using Target Software”. The SOP may be appropriate for the analyzing of the same types of samples using other GC/MS systems, with proper consideration given to possible hardware and software differences. 

1.1–Summary of Procedure:
1.1.1
General Summary–  This method is suitable for the determination of parent and alkylated polycyclic aromatic hydrocarbon compounds in soil and sediment.  Minimum reporting levels (MRLs) have been set at 10 µg/kg.   The reporting levels were set at practical quantitation limits (PQL) that are 5-10 times the method detection limit (MDL).  Concentrations of less than 10 µg/kg reported for the 8022 analytes are reported as estimated (E). Because this is an information-rich method, positive detections below the MRL are not censored (Childress and others, 1999).  

1.1.2
Preparation Summary–  A 25g equivalent dry-weight of sample is soxhlet extracted overnight with dichloromethane (MeCl2).  The extract is concentrated to 2 mL, filtered, and the volume increased to 4 mL with MeCl2.  An aliquot of the extract is fractionated using gel permeation chromatography (GPC).  After GPC, the aliquot fraction is solvent exchanged to ethyl acetate and the volume reduced to 0.5 mL.  An aliquot of a mixed internal standard solution is added and the extract analyzed by electron impact GC/MS operated in the full scan mode. For a more detailed explanation, see SOP OP0383.0, the Preparation of Sediments Containing Polycyclic Aromatic Hydrocarbons, Aliphatic Hydrocarbons and Petroleum Biomarker Compounds.
1.1.3
Analytical Summary–  The analytical procedure begins by evaluating the GC/MS system by testing the system for air leaks, tuning the MS, and analyzing a performance sample (DFTPP).  An analytical sequence is created in LIMS and data acquisition begins with either a new calibration curve or a calibration standard verification.  When the sequence is finished the QC samples and environmental samples are processed.  The QC samples are analyzed and evaluated.  If they are within their criteria, the environmental samples are analyzed and surrogate recoveries evaluated.  If all QC criteria are met, the batch goes through a second level review and the data is submitted. 

1.2
Analytes–  Individual polycyclic aromatic hydrocarbon compounds and alkylated polycyclic aromatic hydrocarbon homolog groups determined using this method, their NWIS parameter codes and CAS numbers are listed in Attachment A.

1.3
Reporting Range–

1.3.1
Reporting Units–  µg/kg = microgram per kilogram.

1.3.2
Reporting Level–  Any compound identified and quantified using this method is reported.  The default reporting level is  <10 µg/kg.  Compound concentrations below reporting level are qualified with an E remark code.  

1.3.3
Significant figures–  Results are reported with two significant figures.  Surrogate and spike results are reported as percent recovery with three significant figures.
1.3.4 
Dynamic range–  The dynamic range is 10-1,000 µg/kg extracted from a 25 g dry weight equivalent of sample in 0.5 mL of sample extract.  Matrix interferences and dry weights less than 25 g may require the minimum reporting level (MRL) to be raised or for other accepted data qualifiers to be used.  Samples whose concentrations are greater than the calibration range are diluted appropriately to bring the expected sample concentration within the calibration range.

1.4
Method Detection Limit – Method detection limits were determined using the EPA procedure documented in 40 CFR, part 136, Guidelines establishing test procedures for the analysis of pollutants, Appendix B to Part 136, Definition and procedure for the determination of the method detection limit.
1.5
Interferences–  The method was developed for the analysis of soil and sediment for the U.S. Geological Survey.  The method may be applicable to the data quality objectives of other projects.  Application of the analytical portion may be made to other matrices on a custom or special analysis basis.  Potential interferences specific to any matrix other than those documented in this SOP must be evaluated on a case-by-case basis.

2.
Revisions
This is a new SOP.  This section is not applicable.

3.
Health, Safety, and Waste Disposal Issues
Follow all standard safety practices for the use of solvents, compressed gases, and analytes.  Some of the reagents and analytes are, or are suspected to be, human carcinogens.  Copies of Material Safety Data Sheets (MSDS) for the relevant reagents and analytes are available for reference in the NWQL Safety Office and should be reviewed prior to the use of the method.  Disposal of materials must be carried out in strict accordance with current waste handling regulations.  See SOP TX0355.0, Waste Disposal at the National Water Quality Laboratory.  The NWQL Safety Office is the principal source for instructions regarding current waste handling procedures.  Check with supervisory or Safety Office personnel if you have any doubt as to proper disposal procedures, or if you have other safety concerns. Exposure to electrical current at high voltages as well as thermally hot surfaces may occur during some maintenance procedures.  Consult with your supervisor, safety personnel, or other experienced person if you are at all uncertain about what to do.

4.
Sample Preservation, Containers, Holding Times - Refer to WRIR for specifications.

5.
Reagents and Standards


5.1  Reagents–  Refer to WRIR for specifications.
5.2  Standards–   

5.2.1–  See table 1 for an example of the working standard solution preparation volumes and concentrations.  Table 2 lists the different standard solutions used in this method.  See the Sediment Standards logbook for complete instructions about all standard solution preparation and design.  Any changes are noted in the Sediment Standards logbook.  Standards are prepared annually.  Out-dated solutions are disposed of according to standard NWQL Safety, Health, and Environment (SHE) Office procedures.  Check with SHE staff for current requirements.  Concentrations of solutions may change due to the nature of projects in progress and the vendor solutions used.  See table 3 for standard material shelf life and storage requirements.

5.2.2  PAH Homolog Retention Time Source Material–  A complex crude oil or coal is used to verify retention times for PAH homolog groups.  The original material used in the development of this procedure was a sediment sample from the Powell River near Aurthur, Tennessee.  It was submitted to the NWQL for the National Water Quality Assessment Program (Station ID, 03532000; sampled on December 13,1995).  Currently the NWQL uses Alberta Sweet Mix Blend (ASMB) ASMB crude is the standard oil used for dispersant treating tests in the Emergencies Science Division of Environment Canada.  The PAH and alkyl-PAH distribution of ASMB has been well characterized and samples of this standard are available (Wang et al, 1994).

	Table 1.  LS 8022 Polycyclic aromatic hydrocarbons working standard solutions in ethyl acetate

	Desired Concentration 

(ng/uL)
	0.1
	0.2
	0.5
	1.0
	2.5
	5.0
	8.0
	10.0
	20.0

	Analyte Mix @ 

100 ng/uL (uL)
	5
	20
	25
	50
	250
	250
	400
	500
	1000

	Internal Standard * 

@ 100 ng/uL (uL)
	500*
	1000*
	500*
	500*
	1000*
	500*
	500*
	500*
	500*

	Surrogate 

@100 ng/uL (uL)
	5
	20
	25
	50
	250
	250
	400
	500
	1000

	GPC Surrogate 

@ 100ng/uL  (uL)
	5
	20
	25
	50
	250
	250
	400
	500
	100

	Final Volume (mL)
	5
	10
	5
	5
	10
	5
	5
	5
	5

	Equivalent sediment concentration (based on a 25 g dry weight) in ug/Kg 
	5
	10
	25
	50
	125
	250
	400
	500
	1000

	* Internal Standard final concentration is 100 ng/uL for all solutions


	Table 2.  LS 8022 Standard Solutions



	Solution  
	Final

Conc

(ng/uL)
	Solvent


	Aliquot

(uL)
	Volume

(mL)
	Primary Stock (ng/uL)
	Source
	Comments

	Internal Standard
	100
	EtoAc
	1250
	50
	4000
	NSI
	50ul  every sample

	Third Party Check
	4
	MeCl2
	na
	1
	na
	BNA analyst
	Run with new curve

	CCV
	2.5-5
	EtoAc
	250-500
	10
	100
	Absolute
	1 every 10 samples

	IDL
	0.2
	EtoAc
	20
	10
	100
	Absolute
	Beginning and end 

	Surrogate for Stds
	100
	EtoAc
	500
	5
	1000
	Sulpelco
	Use for std prep only

	Surrogate for Spike
	40
	MeOH
	1000
	25
	1000
	Sulpelco
	Use for spike soln 

	GPC Window Cal
	100
	MeCl2
	500
	10
	2000
	Absolute
	Beginning of GPC run

	GPC Surrogate
	20
	MeCl2
	100
	10
	2000
	Absolute
	50uL  every sample

	Spike
	150
	EtoAc
	750
	10
	2000
	Absolute
	Various solutions

	PEB
	na
	EtoAc
	na
	na
	na
	Burdick and Jackson
	Beginning of run

	DFTPP
	50
	MeCl2
	500
	10
	1000
	Ultra
	Run every 24 hours

	Calibration 

See Table 1
	varies
	EtoAc
	varies
	varies
	2000
	Absolute
	Various solutions


	Table 3.  Standard Material Shelf Life and Storage Requirements

	Standard Type
	Shelf Life
	Storage
	Comments

	Neat Material
	5 year
	Dark, ((10oC
	

	Stock Solutions
	1-2 year
	Dark, ((10oC
	Manufacturer’s expiration date if sealed

	Working Solutions
	1 year
	Dark, (5oC
	


5.3
Documentation –
Label each reagent and standard.  Assign the correct tracking number, using current protocol, to each standard stock and working solution.  Document the information in the Standards Logbook.  Each label should contain the tracking number, contents and concentration, the solvent, the date received or prepared, expiration date and the initials of the preparer. See SOP OX0365.0, Preparation of Standard Solutions for Organic Analyses.

5.4
Verification of Standards– 

All analytical solutions must be verified by comparing old solutions to the new solutions.  This is done by injecting an aliquot of the current solution and an aliquot of the newly made up solution, and comparing the response factors of each.  All the response factors of the two solutions must compare within 20% to pass verification criteria (.  See SOP OX0365.0, Preparation of Standard Solutions for Organic Analyses.

6.
Apparatus

Samples are analyzed by gas chromatography/mass spectroscopy (GC/MS) using: full scan (FS) monitoring, a capillary column GC system equipped with an autosampler, a split/splitless injection port operated in the splitless mode, and directly connected to a quadrupole mass spectrometer.  An Agilent Technologies 5973N MSD is used for this analysis.  Software used for data evaluation is the Target/NT Revision: 4.00 chromatographic analysis software package.

7.
Sample Preparation, Analysis, Instrument Operation and Shutdown


7.1
This SOP pertains to the GC/MS analysis portion of this method.  For sample preparation information refer to Olson and others, 2003 or see SOP OP0383.0 “Preparation of Sediments Containing Polycyclic Aromatic Hydrocarbons, Aliphatic Hydrocarbons and Petroleum Biomarker Compounds”.

7.2
Sample Analysis–

7.2.1
Initial start up–
7.2.1.1
Mass spectrometer tune and evaluation–   GC/MS acquisition parameters are established to meet the Decafluorotriphenylphosphine (DFTPP) performance requirements shown in figure 1.  In the process of MS tuning an initial tune is established through Target Tune using the operating parameters recommended in table 4.DFTPP is analyzed to determine whether the MS settings produced acceptable mass spectral abundances according to the criteria.  If the criteria are not passed, then MS tune adjustments are made and DFTPP injected until the tune criteria are met.  Adjustments can be made to the settings of the repeller, ion focus, entrance lens, entrance offset, mass gain and offset, and AMU gain and offset to optimize mass spectral abundances and assignments.  Begin with the repeller setting and then adjust the others. . Tune file naming convention-target.u or dftpp.u (name.u).  

7.2.1.2
GC run parameters for DFTPP data acquisition–  TheGC parameters may be different from those used for the acquisition of calibration standards and sample data in order to expedite analysis of DFTPP when adjusting the MS tune.  However, the MS run parameters used for sample data acquisition must be the same as those used for DFTPP acquisition.  This is important to keep in mind because DFTPP and sample analyses require two separate data acquisition methods, which must be separately edited. 

7.2.1.3
Tuning the MS to pass the DFTPP criteria–  Perfluorotributylamine (PFTBA) is the tuning compound plumbed into the mass spectrometer and used by the ChemStation software to tune the MS.   Listed in table 4 are the targeted abundances for ions 69, 131, 219, and 502  (these are fragment ions; the molecular ion of PFTBA has a nominal m/z of 671).  These abundances should enable passing of the DFTPP criteria (Figure 1) using the Agilent Technologies 5973 MSD and the Target Tune program.  The Target Tune program usually does an adequate job of calibrating the mass axis and adjusting peak widths; if it does not, then source cleaning or other maintenance may be required.  The minimum required sensitivity is achieved if the abundance of m/z 198 is greater than or equal to approximately 15,000 area counts for a 1 μL injection of the 25 ng/µL DFTPP solution.  It is not uncommon for DFTPP to fail the criteria when first using a new injection port liner because of surface reactivity of the liner.  If the DFTPP criteria are not met, try another injection; if this still does not work you may have to install another liner or retune the MS.  If instrument response is not adequate, usually this means another liner should be installed.  A typical PFTBA scan during tuning is shown in Figure 2.  Figure 3 shows a successful DFTPP analysis report following a successful PFTBA tune.

Figure 1.  DFTPP Criteria
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	Table 4 - Recommended PFTBA operating parameters

	PFTBA ion (m/z)
	Relative Abundance (%)
	Absolute Abundance (area counts)
	Peak Width

Criteria (amu)
	Mass Axis

Criteria (amu)

	69
	100
	>= 1,000,000
	0.5 ( 0.1
	( 0.1

	131
	35-40
	
	0.5 ( 0.1
	( 0.1

	219
	35-40
	
	0.5 ( 0.1
	( 0.1

	502
	1-5
	
	0.5 ( 0.1
	( 0.1


Figure 2.  Typical PFTBA tune scan
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Figure 3.  Typical DFTPP analysis report
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7.2.2
Calibration–   

7.2.2.1
Number of calibration points, concentrations, exceptions–  A minimum 5-point calibration curve is generated for each individual analyte.  However, the calibration curve is best generated using 9 points to define the expected analytical range.  Inject standards at 0.1, 0.2, 0.5, 1.0, 2.5, 5.0, 8.0, 10.0, and 20.0 ng/µL to generate the calibration curve.  The 0.2 ng/µL standard is the instrument detection level (IDL) and is included in every curve.  The 0.1 ng/µL is half the IDL and is beneficial in defining the low end of the curve.  The analyst may use zero as a point or force zero in a curve, although this is not preferred (?).  Most analytes will fit a linear curve, but a few will be better represented by quadratic curves.  The internal standard technique is used for calibration.  Sample extract concentrations greater than the highest calibration standard must be diluted and reanalyzed in order to stay within the calibration range.

7.2.2.2
Calibration performance criteria –  The quality of a calibration curve should be based on the correlation coefficient of the original curve, the curve linearity, accuracy of concentrations determined for third party check solutions, and the ability of the curve to generate correct values for known quality assurance samples.  An r2 value of 0.990 or better is the minimum acceptable level for calibration curves, but is not the sole criterion. The y-axis intercept should be less than 1/10 the MDL of that analyte (that is to say, a response of "zero" should indicate an on-column amount, and therefore a concentration, that is less than 1/10 the MDL.  This indicates that the MDL can be readily achieved).   In addition, the difference between individual calculated concentrations for calibration standards and expected values cannot be greater than 25%.  If calibration points are rejected, the analyst must have a legitimate reason for dropping the point from the curve.  Examples for legitimately dropping a calibration point from the curve include if the calibration standard used was old, a poor injection of the calibration standard or injection of the wrong standard.

7.2.2.3
Corrective action –  If an acceptable calibration cannot be achieved by recalibration, then cutting the first 10 inches of the column at the injection port or cleaning the source may help.  Usually cutting the column is done first and calibration checked before cleaning the source.

7.2.2.4
Nine-point calibration sequence –  Recalibration is usually performed if continuing calibration verification standards (CCVs) fail criteria repeatedly (e.g. 3 times after inserting new liner), or system maintenance such as ion source cleaning or installation of a new chromatography column is performed.  The following sequence is used to calibrate:

1
DFTPP, 25 ng/µL

2
PEB

3-11
Calibration standards from 0.1 to 20 ng/µL

0.1 ng/ul

0.2

0.5

1.0

2.5

5.0

8.0

10.0

20.0

12
Third party check (TPC) 

13
Method spike

14
Method blank

15
Certified reference material (CRM)

16-22
Samples (10 max)

23
CCV

24-33
Samples (10 max)


34
CCV

35
IDL

36
DFTPP (if run extends beyond 24 hours run time)
7.2.3
Dynamic Range–  see section 1.3.4

7.2.4
Daily Run Sequence–  The following is the typical run sequence when calibration is not performed.  Samples may be injected starting at position 5.  The sediment prep batch usually has 16 samples.  Environmental samples are bracketed by CCVs.  DFTPP is analyzed every 24 hours.

1 DFTPP

2 PEB (Performance evaluation blank)

3 IDL (Instrument Detection Level) 

4
CCV (usually the 2.5 or 5.0 ng/µL works best)

5
CCV (NELAC standard requires acceptable results for two CCVs if this method is NELAC certified)

6
Method spike

7
Method blank

8
Certified reference material (CRM)

9-12
Samples (10 max)

13
CCV

14-21
Samples (10 max)


22
CCV

23
IDL

24
DFTPP (if run extends beyond 24 hours run time)

7.2.4.1
Gas chromatography evaluation–  GC performance is evaluated by analyzing a CCV and an IDL.  The IDL is used to judge instrument sensitivity but is not used to determine data quality.  QC acceptance criteria for the CCV are +/- 25% of the true concentration for all analytes, or other statistical limits as determined by the unit supervisor.  If the QC criteria are met then begin the analytical run.  If the criteria are not met, then assess conditions. See the Organic Chemistry Program QA/QC Guidance Manual for specific guidelines.

7.2.4.2
Daily run sequence–  To generate a daily run sequence refer to Attachment C and STARLIMS User Manual written communication (Kanagy, 5/2001).  Verify file names entered into the sequence with the vials in the autosampler.  Verify waste vials are empty and rinse vials are filled with pesticide-grade ethyl acetate.

7.2.4.3
Disk space–  Verify you have enough space for the run on the disk under “Properties”.  The amount of disk space available will be shown.  An LS8022 sequence including calibration standards takes about 320MB.  If enough space is not available, then delete or move files to another drive.  Select “ load and run sequence” on the GC/MS software.  Select “full analysis” and enter the batch name where you want the files to be stored on the disk. 

7.2.4.4
Batch directory naming convention–  The GC/MS section has defined batch names that follow the notation “ssssIyyjjj.b”, where

	
	Description

	ssss
	4 numeral schedule name, e.g. “8022”

	I
	Instrument numeral, e.g. “R” .  This character is uppercase.

	yy
	Year, from the sample ID of the earliest sample in the batch.

	jjj
	Julian day, from the sample ID most representative of the batch, usually the earliest sample in batch unless a previous batch has the same name

	.b
	The Target batch directory extension. The “b” character is lowercase.


An example of the batch name is as follows:  8022R02238.b

7.2.4.5
Data directory naming convention–  The laboratory sample identification number is used.  This number is of the form "yyjjjNnnn",  where 

	Symbol
	Description

	yy
	Year (last two digits) 

	jjj
	Julian day

	Nnnn
	A number from 1 to 9999.   Regular samples can be assigned a number from 1 to 7999, QC blanks from 8000 to 8999, QC spikes from 9000 to 9999, and CRMs from 6000 to 6999. This number is assigned at log in.


7.2.4.6
Periodically check the autosampler and instrument to make sure everything is running properly.  When the run is complete, place the sample vials in a tray, recap vials, and store in freezer at <-5oC.

7.2.4.7
Data acquisition tips- Hints to help in acquiring and analyzing data are: 

-Modify the method before acquisition begins, e.g. Update retention times.
-Save the sequence once it is completed

-Archive runs once they are analyzed on disk drive called Archie, in ark yyyy (year)/s 8022 (s appropriate schedule).

7.2.5  Instrument Operating Steps

7.2.5.1
GC Hardware configuration–  See table 5.

	Table 5.  GC Hardware configuration

	Column
	25m x 0.3µm x 0.20mm 95% dimethyl -5% diphenyl polysiloxane, HP Ultra, or equivalent.

	Carrier Gas
	Helium 99.999% purity, or equivalent

	Split vent flow
	30mL/min ± 3mL/min

	Septum purge
	1 mL/min

	Column flow 
	Nominal 0.65 mL/min, (30cm/sec. linear velocity)

	Time injector is in splitless mode 
	30-50 seconds


7.2.5.2
Instrument Parameter configuration for the 2 methods used in this SOP –-  See table 6.

2 methods used in this SOP

	Table 6.  Instrument Parameter configuration for the 2 methods used in this SOP

	Instrument
	METHOD
	METHOD

	Parameter
	DFTPP
	8022

	Oven

Initial Temp

Initial Hold

Ramp and hold


	120oC

1 min

15 oC/min to

320 oC hold 0 min
	65oC

3 min

6.0 oC/min to

320 oC hold 5 min

	Column

Mode

Pressure setpoint

Flow ml/min

Avg. velocity

Run time
	Constant Flow

7.55 psi

0.7

32 cm/sec

14.33 min
	Constant Flow

4.89 psi

0.7

31 cm/sec

50.50 min

	Inlet

Mode

Gas

Injection Temp

Total Flow

Purge flow to Split vent


	Splitless

Helium

285 oC

28.2 mL/min

25.0 mL/min @ 4.5min


	Splitless

Helium

285 oC

28.2 mL/min

25.0 mL/min @ 4.5min




7.2.5.3
GC run parameters –The current GCMS systems are controlled through the data system.  Make sure helium tank pressure is >500 psi to ensure enough Helium to complete analysis. 

7.2.5.4
Integration Parameters–Different integration algorithms — such as "Falcon", "HP RTE", or "HP Genie" — can be selected in the method's configuration.    For LS 8022 analysts -- use the default settings of the HP RTE integrator. These settings should be evaluated on an instrument-by-instrument basis, particularly to insure reliable integration of low-level data.  It has been discovered, however, that changing the integrator type can cause loss of calibration, and thus should be avoided.
7.2.6
Instrument shutdown–

Follow directions provided by the instrument-operating manual.  See Agilent Technologies Hardware Manual for 5973MSD.  

7.3
Dilutions, problematic samples, carryover–
7.3.1
The sample’s on-column amount for any analyte must be bracketed by calibration standards. If the sample’s on-column amount is greater than the highest standard in the calibration curve, dilute the sample and reanalyze.

7.3.2
Sample matrices can be problematic and can sometimes be resolved by a dilution. 

7.3.3
Analyte carryover is typically not a problem but matrix buildup in the injection port liner can be. If the matrix is non-volatile and stays in the injection port liner, CCVs often fail.  Changing the injection port liner after each run is often necessary when analyzing samples with complex, non-volatile matrix residue.

7.4
Troubleshooting and bench notes–
Sources of information include instrument manuals, an experienced analyst and vendor services. 

7.5
Maintenance and maintenance records–
7.5.1
GC consumables include air, water and oxygen traps, injection port liners, injection port gold seals and GC columns.  These should be replaced when QC samples cannot meet acceptance criteria and/or hardware problems are indicated.  See. Instrument Hardware manuals for troubleshooting charts and solutions.

7.5.2
MS consumables include source parts, rough and turbo pumps.  See Instrument Hardware manuals for troubleshooting charts and solutions.

7.5.3
Determining when the MS source should be cleaned, or other MS maintenance performed–  

· Look at the repeller ramp; if the repeller has changed significantly from the last cleaning and response is low or CCV criteria cannot be met, the source may need cleaning.

· Look at multiplier setting.  If multiplier setting is high or near its maximum setting (determined by software), the multiplier may need to be cleaned or replaced.

· Be sure the ratios listed in table 4 are achieved or DFTPP criteria may not pass.

7.5.4
Keep detailed dated records of all maintenance and repair in instrument logbooks.

8.
Data Acquisition, Processing, and Evaluation

8.1
Data Acquisition–
8.1.1
Data acquisition method name-  The data acquisition method name 8022.m (this is a directory located within the batch).  Refer to SOP OX0370.0, “Data analysis using Target Software” for instructions on how to build a method and calibration curve.

8.1.2
MS run parameters-  MS run parameters are determined in the MS tune file.  The same tune file is used for DFTPP and the environmental sample sequence.  The MS run parameters used for sample data acquisition must be the same as those used for DFTPP acquisition, although the GC run parameters may be different in order to expedite analysis of DFTPP when adjusting the MS tune.  Scan range, electron multiplier setting and other variable setpoints are established in the Data Acquisition software window.  The electron multiplier setting should be the same as that used in the MS tuning procedure, because a change in the multiplier can affect the MS tune.  The scan range and the a/d setting affect the scan rate, which should be ( 2 scans per second.   

See Table 7 for instrument acquisition parameters, and see also Attachment B for quantitation and monitor ions.

	Table 7.  MS Acquisition Parameters



	Acquisition
	METHOD
	METHOD

	Parameter
	DFTPP
	8022

	General

Tune File (*same)

Acquisition mode
	*target.u

full Scan
	*target.u

full Scan

	MS Information

Solvent Delay

EM Absolute*

EM offset*
	7.00 min

False

0
	6.30 min

False

0

	Scan Parameters

Low Mass

High Mass 

Threshold

Sample #

A/D samples
	45.0

450.0

30

2 scans per sec

4
	45.0

550.0

30

2 scans per sec

4

	MS Zones

MS quad temp (oC)

MS Source temp(oC)


	150

230


	150

230




8.1.3
MS background and interferences –  See Table 8.

	Table 8.  Typical MS background ions and their typical observed and maximum abundances when MS is tuned according to the DFTPP criteria.

	Background m/z
	Source
	Typical Abundance
	Maximum Abundance

	18 (H2O)
	H2O, atmosphere, carrier gas contamination
	10000
	Less than 10% of 69

	28 (N2)
	N2, atmosphere, carrier gas contamination
	5000
	

	32 (O2)
	O2, atmosphere, carrier gas contamination
	3000
	

	40 (Ar)
	Ar, atmosphere, carrier gas contamination
	
	

	446 
	Diffusion pump oil
	
	


8.1.4
Sample Data Analysis–
8.1.4.1
Qualitative determination–  A compound is identified based on retention time, and on comparison of the sample mass spectrum, after background subtraction, with the characteristic ions in a reference mass spectrum.  The reference mass spectrum should be generated from pure standard peaks using the conditions of this method.  Note that coeluting chromatographic peaks produce mass spectra that are a combination of two compound mass spectra.  Reference spectra should not be tabulated when coeluting peaks are present.  The characteristic ions from the reference mass spectrum are defined to be the three ions of greatest relative intensity or the three unique ions that occur in the reference spectrum.  Compounds should be identified as present when the following criteria are met or as reason allows:

8.1.4.1.1
Retention time–  The intensities of the characteristic ions of a compound maximize at a compound-specific retention time.  In general the retention time of the GC peak for the quantitation ion and the qualifier ions of the compound in question should be within ± 0.1 minute of that of the calibration standard.  However, matrix effects can have a significant effect on GC retention times, and retention time reproducibility can be highly compound-dependent.  Experience and training are necessary for the analyst to recognize when the retention time would disallow a positive confirmation of an analyte present.  In uncertain cases, the reporting level can be raised to less than the concentration of the compound in question. 

8.1.4.1.2
Spectra–  The mass spectrum of each target compound is verified by comparing the mass spectrum corresponding to the apex of the extracted ion profile of the quantitation ion with a reference spectrum obtained from a standard analyzed on the GC/MS system.  It is difficult to define explicitly which features of a sample mass spectrum must be present to consider the identification to be positive. Experience and training are necessary for the analyst to recognize the relevant (salient) features of individual mass spectra as well as potential interferences.  In general the sample spectrum should have the base peak, consistent with a standard, relative abundance of the quantitation and qualifier ions, major fragmentation ions, significant isotope clusters of appropriate abundance, and molecular ion (where appropriate) based on the reference mass spectrum or library spectrum.  Careful attention should be given to the extracted ion profiles of significant ions (or suspected interference ions) to determine whether they maximize at the expected retention time with the relative abundances consistent with the reference mass spectrum. 

8.1.4.1.3
Qualitative identification of the alkylated PAH homolog groups–  Because authentic standards are not available for many of the substituted PAH isomers, retention times for the homolog groups are determined using an alkylated PAH homolog retention time source material (5.2.2).  The reference sample is analyzed in full-scan mode at about 5 ng/μL.  Extracted ion chromatograms are created using the quantitation and confirmation ions for each alkylated PAH homolog group (see Attachment B). Using the extracted ion chromatograms as a reference, critically examine peaks within a RT window for spectra confirmation and typical alkylated PAH homolog patterns.  The ion ratios between the isomers in a homolog group vary substantially, thus rigid criteria are not applied.  The retention time for the alkylated PAH homolog group is the midpoint between the first and last isomers.  See Attachment C for an example of quantitation of isomeric parents phenanthrene and anthracene and their homolog series.  Quantitation is explained in section 8.1.4.2.

8.1.4.1.4
Qualitative determination tips–  Identification is difficult when sample components are not resolved chromatographically and produce mass spectra containing more than one analyte.  When chromatographic peaks obviously represent more than one sample component (a broadened peak, shoulders or a valley between two or more maxima), appropriate selection of analyte spectra and background subtraction is important.  When analytes coelute, identification criteria can be met, but each analyte spectrum will contain extraneous ions contributed by the coeluting analyte.  Using Data Analysis and ion chromatograms will help in separating coeluting ions and correctly identifying possible hits.  As in all aspects of analysis and interpretation, the experience and training of the analyst are critical, and seeking advice from a chemist with more experience in the analysis is strongly recommended when uncertainties in qualitative identification arise.

8. 1.4.1.5
Comments–  Table 9 provides a list of compounds frequently detected together.

	Table 9.        Compounds frequently detected together, grouped according to their occurrence

	Analyte
	Comments
	Action

	1,2-Dimethylnaphthalene
	C-2 naphthalene isomers - m/z  156
	

	1,6-Dimethylnaphthalene
	
	

	2,6-Dimethylnaphthalene
	all commonly detected together
	

	2-Ethylnaphthalene
	
	

	Naphthalene
	
	

	
	
	

	Acenaphthene
	Commonly detected together
	

	Acenaphthylene
	
	

	
	
	

	Phenanthrene
	Isomers - m/z 178
	

	Anthracene
	
	

	
	
	

	2-Methylanthracene
	Isomers m/z 192
	

	1-Methylphenanthrene
	
	

	
	
	

	Fluoranthene
	Isomers m/z 202
	

	Pyrene
	
	

	
	
	

	Benz(a)anthracene
	Isomers m/z 228 - appear as doublet peak
	

	Chrysene
	
	

	
	
	

	Benzo(b)fluoranthene
	Isomers - m/z 252 - appear as doublet peak, occasionally as a single peak - probably due to occurrence of benzo(e)fluoranthene eluting between b and k.
	If a single peak appears, integrate by splitting peak down middle.  Report both values.

	Benzo(k)fluoranthene
	
	

	
	
	

	Benzo(a)pyrene
	m/z 252
	

	Benzo(g,h,i)perylene
	m/z 276
	

	Dibenzo(a,h)anthracene
	m/z 278
	

	Indeno(1,2,3-c,d)pyrene
	m/z 276
	


8.1.4.2
Quantitative determination–
8.1.4.2.1
Calculations for individual PAHs–

The NT Target® software uses internal standard regression equations to calculate analyte concentrations.  The final concentration of a particular compound in a sample is determined in four steps.

1 Calibration points are constructed by calculating an amount ratio and a response ratio for each level of a particular peak in the calibration table.  The amount ratio is the amount of the compound divided by the amount of the internal standard for a given calibration level.  The response ratio is the response of the compound divided by the response of the internal standard at this level.

2
An equation for the curve through the calibration points is calculated using the type of curve fit and origin handling specified in the calibration table, typically linear or quadratic.

3
The response of the compound in the unknown sample is divided by the response of the internal standard in the unknown sample resulting in a response ratio for the unknown.

4
An amount ratio for the unknown is calculated using the curve fit equation determined in Step 2 above, and the known amount of internal standard added to the sample is used to determine the amount of the unknown compound present in the sample

This method is based on an initial sample weight of 25 g.  Watch the prep sheets carefully for deviations in this weight.  See Attachment F for further explanation of the calculations used.
The method in the software should be set up with usable formulas to permit the operator to enter all the weights individually, and the dilution factor field should be used only if dilutions are made.  This will make for easier electronic data transfer and form production. 

8.1.4.2.2
Calculation of alklated PAH homologs–
Each alkyl PAH is composed of many discernable isomers, many without authentic reference standards.  Begin by manually integrating the isomeric peak areas of their quantitation ion present in their expected retention time window range (section 8.1.4.1.3). Using the calibration curves for the compounds selected to represent each homolog group listed in table 10, calculate the concentration of each alkylated PAH homolog group using the calibration process section (8.1.4.2.1).  If interferences are determined to be within the manually integrated isomeric peaks, then integrate that portion of the ion chromatogram that is determined to be contamination or interference and manually subtract the interference from the total sum.  Values determined in the presence of interferences are considered semi-quantitative and are reported with an “E” qualifier. 

	Table 10.  Relative response factors used for the quantatition of alkylated PAH homolog series

[C1-C5, Alkylated homolog consisting of C1, C2, C3, C4, C5 substitutions]

	Homolog Series

	RRF used for Calculations

	C1-C5 Alkylated Naphthalene
	2,6-Dimethylnaphthalene

	C1-C5 Alkylated Phenanthrene/Anthracene
	2-methylanthracene

	C1-C5 Alkylated Fluoranthene/Pyrene
	1-methyl pyrene

	C1-C5 Alkylated Benz[a]anthracene/Chrysene
	Benz[a]anthracene

	C1-C5 Alkylated Perylene isomers
	Benzo[a]pyrene


8.1.4.2.3
Formula used by Target to Determine Compound Concentration–
Concentration (ug/kg) =
Amt  x Df  x (Vf) / ((Ws) x (FGPC ))
where,
 

Amt = On column concentration determined by calibration curve-fitting routines, in ng/µL 

Df = Dilution factor (for undiluted extract, Df = 1 )

Vf = Final volume of extract, in µL (500 uL)

Ws  = Dry weight of sediment extracted, in g and

FGPC = Fraction processed through the GPC, 

where 

FGPC = GPCbna/(Wvs-Vt), 

where

GPCbna = amount injected into GPC, in g

Wvs = weight of vial + sample, in g

Vt = vial tared, in g

8.2
Analysis of Dilutions–
A sample extract may be diluted and reanalyzed, when an initial target analyte concentration is greater than the method calibration range.  Dilutions made for over-range target analytes should be made so that the expected concentration of the analyte in the diluted extract is in the mid-range of the calibration curve.  A dilution is done by preparing a dilution solution of the internal standard in 500ul of ethyl acetate at 10 ng/ul, just like in the original extract.  This solution is used to dilute the original extract.  For example, if a 1:10 dilution is necessary, remove an aliquot of 50ul from the 500uL internal standard (IS) dilution solution and put into waste.  Next remove 50uL of the original extract and dispense into the IS dilution solution.  This now becomes the diluted extract, at final volume of 500ul, with the IS concentration at 10ng/ul, just as was in the original extract.  In this case, a dilution factor of 10 must be used in the sample information table.   

8.3
Data Processing Method–
Post-data acquisition processing is usually performed at the end of an analytical run by the analyst, using the 8022.m method.  After processing, the samples are ready for the analyst's evaluation using the Target Review program.  See section 8.1.4.1 for more details regarding qualitative evaluation.  A file named “slreps” is created when samples are processed.  Inside this file is a report generated for each sample with an “.sl” extension.  This report must be updated and verified for accuracy before this report is submitted. 

8.4
Data Report–
8.4.1
Reporting Units –  µg/kg = microgram per kilogram.

8.4.2
Reporting Level –  This method is set up to be able to report any value detected.  The default reporting level is  <10 µg/kg, see Attachment A.  Compounds detected below reporting level are qualified with an “E”, indicating the concentration is an estimate.

8.4.3
Significant figures –  Results are reported with two significant figures.  Surrogate and Spike results are reported as percent recovery with three significant figures.
9.
Quality Control/Quality Assurance

9.1
QC samples–  See sections 7.2.2.4 and 7.2.4 for analytical sequences illustrating the QC samples and frequency.  General acceptance criteria and corrective action are outlined in table 11.  See also QA/QC guidance manual.

9.2
Second Level Data Review –  Data are reviewed according to the outline provided in the data review checklist (Attachment E).  Spectra should be checked on-line rather than storing hardcopies of spectra in the data packets. Pay particular attention to positive detections of analytes, and to some characteristic compounds listed in Table 10. See SOP QX0364.0, Secondary Data Review at the National Water Quality Laboratory for a detailed description of the second-level data review process.

	Table 11.  LS 8022 performance criteria and corrective action based on QC data type

	QC data type
	Criteria
	Corrective Action

	CCV 
	should be within ( 20% of the theoretical value 
	Re-analyze samples bracketed by failed CCV at either end, if analyte is detected in samples

	
	CCV at fixed concentration. 
	2.5ng/uL or 5 ng/µL, dependent upon project

	Initial Calibration
	Linear: r2>= 0.990, intercept to be determined per analysis
	

	Reagent Spikes
	Data should be reviewed at least annually.  See 8022spike sublist in 8022.m
	 Document exceptions.  If other QC data indicate lab failure, see supervisor

	Blanks
	Positives < MRL 
	If analyte detected above MRL report with an “E” in blank, and if it is detected in sample 10 times higher than in blank, report with an “E”.  If analyte is detected at <10 times value in blank, raise report level to that found in sample

	DFTPP
	See figure 1
	Document exceptions, change liner, clean source

	IDL
	Must see analytes of interest
	Rerun for analytes not detected unless M-Deleted compounds

	Surrogates
	Updated annually, see current spike sublist in 8022.m., typically run from 40-160%.  Nitrobenzene-d5 generally runs somewhat lower than others
	If other QC data indicate lab failure, see supervisor, document exceptions.  May need to re-extract.

	GPC Surrogate
	<=75% recovered
	Document exceptions.  Re-GPC extract.  If upon re-GPC still low recovery, matrix problem, report and qualify data appropriately.

	Internal Standards 
	( 50% of IS in blank 
	Evaluate possible causes, such as volume discrepancies and dilutions and incorrect amount of IS added.  If there are no reasonable causes then samples must be re- GPC’d.


10.
Data Management and Records

10.1
Data transmission–  Transfer the data according to the current protocol. (Because this method is currently custom, data transmission will use standard NWQL automated procedures when the method is officially approved.  The SOP will be updated at that time).  After the data have gone through primary and secondary review, they are ready to be transferred either through e-mail or LIMS. 

10.2
Hardcopy Data Packet–   - Data packets should contain the following information stored file folders in the order listed:

Main
Tune, Air and Water check, sequence, data review QC documentation checklist.

QC:
QC forms, spike.rp for CCVs and for laboratory set spikes, target.rp for the IDL. 

Data:
Sample ASRs and their associated target.rp files, stapled together.  Arranged by set, with the set cover sheet in front.  Hard copies of spectra are not required since they are on-line or recoverable from a tape archive.   

10.3
Sample extracts–  Sample extracts must be recapped and organized in vial storage boxes.  The calendar year, schedule (8022), and set number are indicated at on the end of the file in permanent marker.  These are currently stored in a freezer at <-10oC.  After 3 years, the extracts are turned over to the Methods Research and Development Program (MRDP) for archiving.  The current contact in MRDP for archived extracts is Ed Furlong (303-236-3941; efurlong@usgs.gov).

10.4
Data packets–  Data packets are filed in archive boxes and stored in the data archive room for 5 years (see written communication Maloney, 8/26/02, and written communication from Document Clerk- Archive Instructions).

10.5
CD archive–  After running a sequence, backup the analytical batch onto a CD.  Label the CD accordingly and or copy the batch to network drive Archie, ark yyyy, s 8022, where yyyy is the year the data was processed
11.
Definitions: none

12.
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Attachment A.    Individual polycyclic aromatic hydrocarbon compounds and alkylated polycyclic aromatic hydrocarbon homolog groups determined using this method, their NWIS parameter codes and CAS numbers.

[NWIS, National Water Information System; CAS, Chemical Abstracts Service registry number.]

	Individual polycyclic aromatic hydrocarbon compounds determined using this method 

	Compound name
	NWIS parameter 
code
	CAS
number

	Acenaphthene
	62549
	83-32-9

	Acenaphthylene
	62550
	208-96-8

	Anthracene
	62551
	120-12-7

	Benz[a]anthracene
	62552
	56-55-3

	Benzo[b]fluoranthene
	62554
	205-99-2

	
	
	

	Benzo[k]fluoranthene
	62557
	207-08-9

	Benzo[g,h,i]perylene
	62556
	191-24-2

	Benzo[a]pyrene
	62553
	50-32-8

	Benzo[e]pyrene
	62555
	192-97-2

	Chrysene
	62558
	218-01-9

	
	
	

	Dibenz[a,h]anthracene
	62560
	53-70-3

	1,2-Dimethylnaphthalene
	62538
	573-98-8

	1,6-Dimethylnaphthalene
	62539
	575-43-9

	2,6-Dimethylnaphthalene
	62544
	581-42-0

	2-Ethylnaphthalene
	62545
	939-27-5

	
	
	

	Fluoranthene
	62561
	206-44-0

	9H-Fluorene
	62548
	86-73-7

	Indeno[1,2,3-cd]pyrene
	62562
	193-39-5

	2-Methylanthracene
	62546
	613-12-7

	1-Methyl-9H-fluorene
	62540
	1730-37-6

	
	
	

	1-Methylphenanthrene
	62541
	832-69-9

	1-Methylpyrene
	62542
	2381-21-7

	4,5-Methylenephenanthrene
	62547
	203-64-5

	Naphthalene
	62563
	91-20-3

	Perylene
	62565
	198-55-0

	
	
	

	Phenanthrene
	62566
	85-01-8

	Pyrene
	62568
	129-00-0

	2,3,6-Trimethylnaphthalene
	62543
	829-26-5

	
	
	

	2-Fluorobiphenyl (method surrogate)
	62594
	321-60-8

	Nitrobenzene-d5 (method surrogate)
	62595
	4165-60-0

	Terphenyl-d14 (method surrogate)
	62596
	1718-51-0


Attachment A continued.

	Alkylated polycyclic aromatic hydrocarbon homolog groups determined using this method, their NWIS parameter codes and reported permanently as estimated

	Compound name
	NWIS parameter 
code

	C1-alkylated naphthalene
	62569

	C2-alkylated naphthalene
	62574

	C3-alkylated naphthalene
	62579

	C4-alkylated naphthalene
	62584

	C5-alkylated naphthalene
	62589

	
	

	C1-alkylated phenanthrene/anthracene
	62570

	C2-alkylated phenanthrene/anthracene
	62575

	C3-alkylated phenanthrene/anthracene
	62580

	C4-alkylated phenanthrene/anthracene
	62585

	C5-alkylated phenanthrene/anthracene
	62590

	
	

	C1-alkylated fluoranthene/pyrene
	62571

	C2-alkylated fluoranthene/pyrene
	62576

	C3-alkylated fluoranthene/pyrene
	62581

	C4-alkylated fluoranthene/pyrene
	62586

	C5-alkylated fluoranthene/pyrene
	62591

	
	

	C1-alkylated benz[a]anthracene/chrysene
	62572

	C2-alkylated benz[a]anthracene/chrysene
	62577

	C3-alkylated benz[a]anthracene/chrysene
	62582

	C4-alkylated benz[a]anthracene/chrysene
	62587

	C5-alkylated benz[a]anthracene/chrysene
	62592

	
	

	C1-alkylated benzopyrene/perylene
	62573

	C2-alkylated benzopyrene/perylene
	62578

	C3-alkylated benzopyrene/perylene
	62583

	C4-alkylated benzopyrene/perylene
	62588

	C5-alkylated benzopyrene/perylene
	62593


Attachment B.

Retention times, relative retention times, gas chromatography/mass spectrometry quantitation ions, confirmation ions, and percent relative abundance of confirmation ions for individual polycyclic aromatic hydrocarbons (PAHs) and alkylated PAH homolog groups

Compounds are reported in chromatographic elution order; min, minute; compounds followed by RR are method internal standards and are followed by a designation (RR-1, RR-2,…), which indicates their order as a retention reference; m/z, mass-to-charge ratio

	Retention times, relative retention times, gas chromatography/mass spectrometry quantitation ions, confirmation ions, and percent relative abundance of confirmation ions for individual polycyclic aromatic hydrocarbons (PAHs) and alkylated PAH homolog groups 

	Compound
	Retention
time 
(min)
	Relative
retention 
time 
	Retention
reference
compound
	Quanti-tation
ion

(m/z)
	Confirmation
ions

(m/z)
	Percent relative to quantitation ion abundance

	1,4-Dichlorobenzene-d4 (RR-1)
	6.8
	1.000
	1
	152
	150, 115
	150, 60

	Nitrobenzene-d5
	8.6
	1.265
	1
	128
	82 ,98
	280, 40

	Naphthalene-d8 (RR-2)
	11.0
	1.000
	2
	136
	none
	

	Naphthalene
	11.1
	1.009
	2
	128
	129, 102
	10, 10

	C1-alkylated naphthalene 
	14.0
	1.272
	2
	141
	142, 127
	       variable

	
	
	
	
	
	
	

	2-Fluorobiphenyl
	15.3
	1.391
	2
	172
	171, 85
	30, 10

	2-Ethylnaphthalene
	15.9
	1.445
	2
	141
	156, 115
	45, 25

	2,6-Dimethylnaphthalene
	16.1
	1.464
	2
	141
	156, 115
	140, 25

	C2-alkylated naphthalene 
	16.1
	1.464
	2
	141
	156, 115
	       variable

	1,6-Dimethylnaphthalene
	16.5
	1.500
	2
	141
	156, 115
	125, 25

	
	
	
	
	
	
	

	Acenapthylene
	16.6
	.937
	3
	152
	151, 76
	20, 30

	1,2-Dimethylnaphthalene
	17.2
	1.564
	2
	151
	156, 115
	70, 25

	Acenaphthene-d10 (RR-3)
	17.7
	1.000
	3
	162
	164, 80
	100, 40

	Acenaphthene
	17.8
	1.006
	3
	153
	154, 152
	95, 50

	2,3,6-Trimethylnaphthalene
	19.1
	1.079
	3
	170
	155, 153
	100, 25

	
	
	
	
	
	
	

	C3- alkylated naphthalene 
	19.5
	1.102
	3
	170
	155, 153
	       variable

	9H-Fluorene
	19.8
	1.186
	3
	166
	165, 82
	95, 15

	1-Methyl-9H-fluorene
	22.0
	1.243
	3
	180
	165, 89
	130, 30

	C4-alkylated naphthalene 
	23.0
	1.300
	3
	184
	169, 141
	        variable

	Phenanthrene-d10 (RR-4)
	23.3
	1.000
	4
	188
	189, 94
	15, 20

	
	
	
	
	
	
	

	Phenanthrene
	23.4
	1.004
	4
	178
	176, 89
	20, 15

	Anthracene
	23.6
	1.013
	4
	178
	176, 89
	20, 15

	C5-alkylated naphthalene 
	23.9
	1.026
	4
	198
	     183
	        variable

	2-Methylanthracene
	25.6
	1.100
	4
	192
	191, 96
	45, 10

	4,5-Methylenephenanthrene
	25.7
	1.103
	4
	190
	189, 94
	90, 10

	
	
	
	
	
	
	

	C1-alkylated

  phenanthrene/anthracene 
	25.8
	1.107
	4
	192
	191, 95
	        variable

	1-Methylphenanthrene
	25.9
	1.112
	4
	192
	191, 94
	55, 5

	C2-alkylated

  phenanthrene/anthracene 
	28.0
	1.202
	4
	206
	191
	        variable

	Fluoranthene
	28.1
	1.206
	4
	202
	101, 203
	20, 15

	Pyrene
	28.8
	1.236
	4
	202
	101, 203
	20, 15

	
	
	
	
	
	
	

	C3-alkylated

  phenanthrene/anthracene 
	29.6
	1.270
	4
	220
	205
	        variable

	Terphenyl-d14
	29.9
	1.238
	4
	244
	122, 245
	25, 20

	C4-alkylated

  phenanthrene/anthracene 
	31.0
	1.330
	4
	234
	219
	        variable

	C1-alkylated fluoranthene/pyrene
	31.0
	1.330
	4
	216
	215, 108
	       variable

	1-Methylpyrene
	31.1
	1.335
	4
	216
	215, 108
	70, 20

	
	
	
	
	
	
	

	C2-alkylated fluoranthene/pyrene
	32.0
	1.373
	4
	230
	215
	       variable

	Benz[a]anthracene
	33.4
	.994
	5
	228
	229, 226
	20, 25

	Chrysene-d12 (RR-5)
	33.6
	1.000
	5
	240
	120, 241
	25, 20

	Chrysene
	33.7
	1.003
	5
	228
	229, 114
	20, 20

	C3-alkylated fluoranthene/pyrene
	34.6
	1.030
	5
	244
	229
	       variable

	
	
	
	
	
	
	

	C1-alkylated

  benzo[a]anthracene/chrysene 
	35.8
	1.065
	5
	242
	241, 227
	       variable

	C5-alkylated

  phenanthrene/anthracene 
	36.4
	1.083
	5
	248
	233
	       variable

	C4-alkylated fluoranthene/pyrene
	36.9
	.951
	6
	258
	243
	       variable

	C2-alkylated

  benzo[a]anthracene/chrysene
	37.3
	1.110
	5
	256
	241
	       variable

	Benzo[b]fluoranthene
	37.5
	.966
	6
	252
	253, 126
	20, 25

	
	
	
	
	
	
	

	Benzo[k]fluoranthene
	37.6
	.969
	6
	252
	253, 126
	20, 25

	Benzo[e]pyrene-d12
	38.3
	.987
	6
	264
	260, 132
	25, 25

	Benzo[e]pyrene
	38.4
	.990
	6
	252
	250, 126
	30, 20

	Benzo[a]pyrene
	38.6
	.995
	6
	252
	250, 126
	25, 20

	Perylene-d12 (RR-6)
	38.8
	1.000
	6
	264
	260, 132
	25, 30

	
	
	
	
	
	
	

	Perylene
	38.9
	1.003
	6
	252
	250, 126
	25, 25

	C1-alkylated benzopyrene/perylene
	39.8
	1.026
	6
	266
	251
	       variable

	C5-alkylated fluoranthene/pyrene
	39.8
	1.026
	6
	272
	257
	       variable

	C3-alkylated

  benzo[a]anthracene/chrysene
	41.1
	1.059
	6
	270
	255
	       variable

	C2-alkylated benzopyrene/perylene
	42.0
	1.082
	6
	280
	265
	       variable

	
	
	
	
	
	
	

	Indeno[1,2,3-cd]pyrene
	42.0
	1.082
	6
	276
	138, 137
	30, 20

	C4-alkylated

  benzo[a]anthracene/chrysene 
	42.1
	1.085
	6
	284
	269
	       variable

	Dibenz[a,h]anthracene
	42.2
	1.088
	6
	278
	139, 279
	30, 25

	Benzo[g,h,i]perylene
	42.7
	1.101
	6
	276
	138, 274
	40, 20

	C3-alkylated benzopyrene/perylene
	43.2
	1.113
	6
	294
	279
	       variable

	
	
	
	
	
	
	

	C5-alkylated

  benzo[a]anthracene/chrysene
	44.8
	1.155
	6
	298
	283
	       variable

	C4-alkylated benzopyrene/perylene
	45.0
	1.160
	6
	308
	293
	       variable

	C5-alkylated benzopyrene/perylene
	45.4
	1.170
	6
	322
	307
	       variable


Attachment C.   Quantitation and monitor ions in the series for the isomeric parent polycyclic aromatic hydrocarbons phenanthrene/anthracene in a sample, in micrograms per kilogram.
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Attachment C continued.

Figures 4A through 4F show  typical patterns for the homolog groups for phenanthrene/anthracene.  Figure 4A shows a mass fragmentogram corresponding to the quantitation and confirmation ions for the isomeric parent PAHs phenanthrene, 23.17 minutes, and anthracene, 23.35 minutes. Figure 4B shows the mass fragmentogram for the five integrated C1-alkylated phenanthrene/anthracene isomers.  Figures4C and 4D show the complex chromatographic pattern of partially resolved components for the C2- and C3-alkylated phenanthrene/anthracenes.  The peak areas are summed when there is mass spectral agreement for each peak and a reference mass spectrum.  The reference spectra are produced from the alklyated PAH homolog retention time source material (5.2.2).   Figures 4E and 4F show the retention time windows for the C4- and C5-alkylated phenanthrene/anthracenes.  Although there are peaks in the expected retention time window, no peaks were integrated because of the lack of agreement with the reference mass spectra.

Attachment D. Create LIMS sequence

Create Instrument Run
Login to LIMS 


( Run  


( Create/Edit instrument run

( Add run 


(  Select the appropriate template, double click

(Select the samples to be injected and import them in the order you want them injected




( OK 





(Enter Run Name (enter analytical batch name e.g. 8022R02291)






( OK (wait, a run details screen pops up)




( Select Work List button (top of middle window) wait

( Choose method, select OK 

(select Network Neighborhood/instrument name (e.g. Rhizome)/C/Hpchem/1/Methods/select method to be used (e.g. 8022.m)/select any file within that method

(enter number of blank sequence lines, select OK, nothing needs to be entered here




( WS Print (top of middle window), print sequence worklist on hardcopy

This finishes the LIMS portion of creating an instrument run.  The above steps creates a .csv file that can be used to download a sequence into the instrument sequence file.  It also creates .opc files that are used to fill in sample information tables.  These files were created on the computer you used to create the instrument run.  

Location of .opc and .csv files ( my computer\C:\Sampinfo\run name created (e.g. 8022R02291).

Copy the .csv file (eg. 8022R02291.csv) into C:\Hpchem\Lims onto computer that controls instrument (e.g. Rhizome, C:\Hpchem\1\Lims)

Create an analytical batch on computer where you will be processing sample.  Usually the analytical batch name will be the same name as the instrument run name. (e.g. \chem\8022R02291.b)

Copy all the .opc files (e.g. 20023398003.opc) into \chem\run name created\SampleInfo onto computer that you will be processing the samples on (G:\chem\8022R02291.b\SampleInfo\)
Create Sequence on GC/MS Instrument


Go to computer that controls the GC/MS 

Attachment D continued.


(Sequence


(Import Sequence from LIMS




( select the correct .csv file from C:\Hpchem\Lims (e.g. 8022R02291.csv)





( open or double click (this creates the sequence)

(add lines for QC including CCVs, IDLs, calibration samples, TPCs and PEBs.  Make sure to keep the vial number the same as the automated sequence suggest, or when processing samples through the LIMS system (DCU), a failure will occur and data will not be processed.

Attachment E  Schedule 8022 Data Review Checklist

Batch Name




Analyst



Schedule





Reviewer

Instrument ID




Date to LIMS

//hostname/path/




Date Approved:

General Section


	Analyst
	Reviewer
	
	
	

	
	
	1. Run Sequence list present and followed.
	

	
	
	2. MS Tune within  criteria. 
	If No, then note on report.

	
	
	3. Initial calibration summary

     a) All R^2 >= 0.990
	If No, then note on report.

	
	
	4.  DFTPP
	

	
	
	5. Dilutions
	


QC Criteria 

	
	
	1. CCV Reports 

    a) All analytes within criteria. 
	Document Exceptions

	
	
	2. Blanks - Positives < MRL.
	Document Exceptions

	
	
	3. Lab Spikes

    a) All analytes within criteria. 
	Document Exceptions

	
	
	4.  CRM or SRM pass criteria
	Document Exceptions

	
	
	5.  Surrogate recoveries meet criteria
	Document Exceptions

	
	
	6.  Internal Standard meet criteria
	Document Exceptions

	
	
	5.  PEB
	

	
	
	6. IDL verification check
	


Sample Tracking and Data 



For each sample check the following:

	
	
	 Analysis Report Sheet (target.rp)
	

	
	
	 Sample ID, Sample Prep sheets, ASR Present 
	

	
	
	Sample Volume
	

	
	
	 Spectra for positive detects (spot check on data system).
	


Attachment F  Calculations

If verifying calculations by hand you may use this simple response factor method.

Calculations:

 When a compound has been identified, the quantitation of that compound will be based on the integrated area abundance from the primary quantitation ion of that compound, and the regression line fitted to the initial calibration using response factors relative to the internal standard response factor.



RRF = (Ax * Cis)/(Ais * Cx)




where,




RRF = relative response factor




Ax  = area of compound in the standard,




Ais = area of internal standard in the standard,




Cis = concentration of internal standard in the standard, ng/µL,




Cx  = concentration of the compound in the standard, ng/µL.



Conc (ug/kg) = (Axs * Is * Vt)/(Aiss * RRF * Vo *Vi)




where,




Conc= concentration of analyte, µg/kg,




Axs = area of the compound in the sample,




Is  = internal standard injected, ng,




Vt  = final volume of extract, uL,




Aiss= Area of internal standard in sample,




RRF = relative response factor




Vi  = volume of extract injected, uL.




Vo  = weight of sample extracted, g,




where,

Vo = initial sample weight, g * (fraction of sample thru GPC)




fraction thru GPC =  ((tare vial + smpl)-(tare vial + smpl after GPC))

 


       

      -----------------------------------------------

(weight of total extract)
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