


Verification of Analytical Reports Produced by SMCReporter for
Method 8261 Determinations

Michael H. Hiatt

U.S. Environmental Protection Agency

National Exposure Research Laboratory
Environmental Sciences Division

P.O. Box 93478, Las Vegas, Nevada 89193-3478

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




Table of Contents

INTRODUCTION 5
Source of SMCReporter and Raw Data Used in Following Examples 6
Generating Example Print Outs 7
INTERNAL STANDARD REPORT 11
Experimental Recoveries 11
Internal Standards for Different Functions 13
First-Pass Relative Volatility Effects 13
First-Pass Internal Standards Are Selected by their Ability to Measure solely Relative-Volatility Effects 13
h Determining First-Pass Effects, Step 1: Calculate First-Pass Internal Standard Recoveries 15
Determining First-Pass Effects, Step 2: Determine Relationship of Recovery to Relative Volatility 16
z Determining First-Pass Effects, Step 3: Present First-Pass Internal Standards Graphics 17
m Boiling Point Effects 18
E Determining Boiling-Point Effects, Step 1: Determine the Experimental Recovery of the Boiling-Point Internal Standards 18
Determining Boiling-Point Effects, Step 2: Measure the First-Pass Relative Volatility Effects on the Boiling-Point Internal
: Standards 19
Determining Boiling-Point Effects, Step 3: Determining the Recovery of Boiling-Point Internal Standards that Reflect Boiling-
u- Point Effects 19
Determining Boiling-Point Effects, Step 4: Determine Boiling-Point Effects as Functions of Recovery Relative to Boiling Point20
o Determining Boiling-Point Effects, Step 5: Present the Boiling-Point Effects as a Graph 21
a Relative Volatility Effects 22
Determining Relative-Volatility Effects, Step 1: Determine the Experimental Recovery of the Relative-Volatility Internal
Standards 22
m Determining Relative-Volatility Effects, Step 2: Calculate the boiling-point Effects on the Relative-Volatility Internals Standards23
> Determining Relative-Volatility Effects, Step 3: Determining the Recovery of Relative-Volatility Internal Standards that Reflect
(- Relative-Volatility Effects 24
Determining Relative-Volatility Effects, Step 4: Determine Relative-Volatility Effects as Functions of Recovery to Relative
: Volatility 25
u Determining Relative-Volatility Effects, Step 5: Graphic Display of Relative-Volatility Effects 26
u Internal Standard Groups 27
What is the Upper and Lower Limit of a Group? 27
q The Example’s Relative-Volatility Limits of Relative-Volatility Groups 28
The Example’s Boiling-Point Limits of Boiling-Point Groups 29
¢ How SMCReporter Chooses a Group for Processing an Analyte 29
(«®  SURROGATE REPORT 30
m Volatile Compound Surrogates 31
m Non-Purgeable Compound Surrogates 31
: Semi-Volatile Compound Surrogates 32




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Review Surrogate Results
Surrogate Predicted Recoveries
Surrogate Recoveries

QUANTITATION REPORT
Quantitation Report Header
Compound Quantitation Results
Reporting Limits

Reporting Limits-MDL Option
Reporting Limits-CRQL Option

SUMMARY

REFERENCES

33
33
34

35
36
37
42

42
44

45

45



FIQUIE 1: SOTIWAIE WEDPAGE ... ..cve ettt ettt b bbbt b e bbb b ekt b e b b e e b S h e Rt e bt b e Rt e bt b e Rt e bt e b et e bt b e st e b e e b et et e bt 6
FIQUre 2 QUANTITALION FEPOIT ... .. ittt ettt b ettt b etk b etk b e s ekt b e st e bt e e e b b e £ e b S h e Rt e bt e b e R e e b e b e st e bt e b et e bt e b et e b e e b et et bt 8
Figure 3: INternal SLANTAIA FEPOIT ..ottt ettt b e bttt et e besb e bt e bt eb e e b e bt eh £ oAt e m b e eE e eb e e b e e Rt eb £ e st enbenbeebe s b e s beebeeneanbees 9
FIQUIE 47 SUITOGALE FEPOIT ... .ttt ittt ettt sttt st b et e et e st et e b e s bt e bt eb e e heeh e e e e b e eEeeb e SE e eEe e h e eE £ 4Rt eh e e e e b e eE e eb e e b e e Reeh b e s e b e nbesbesbeeneane e e ennas 10
Figure 5: Header of the internal StANAAIrT FEPOIT. ... ..o ittt bbbt b et b e bbb et eb e e e et e nbesbe st e neene e e ennas 11
Figure 6: First-pass INTEMNAl STANUAITS. ..........eciviiieiieieie ettt et st e e e et e e et e s besbesteeReesee e esbesbesbesbeeaeesee e enbeseesbestesaeeneeseenees 14
1o O AR IS T=tl o)A o Yo | T I o To] [ PSSR 15
Figure 8: Experimental recoveries of first-pass internal StANAArGS.............cccviiiiiiiiiiie e et ns 15
Figure 9: Top line of internal standard report identifies if values or logarithm of values are used in calculations...........cc.ccoovevveviernennn. 16
Figure 10: First-pass lINEAr EQUALIONS. .........civieieeieieriesesteste s e stesteeeeseeseestestestestesseeseeseesseeeseeateaseaseeseesseseeseesteeseassessenseseeseenreaneeneeneensen 17
Figure 11: First-pass internal Standard GraphiCS ..ottt b et b et b et b e 17
Figure 12: Experimental recovery of boiling-point internal StANAArdS ..o e 18
Figure 13: Determine relative volatility effects on boiling-point internal standards using first-pass equations............ccccecvvererrenecan. 19
Figure 14: Recovery of boiling-point internal standards after first-pass COMMECIONS ..........c..coiiriiiiiiiene s 20
Figure 15: Boiling-point effects eXPressed aS FUNCHIONS. ... ..o i bttt b e bbb se e 20
Figure 16: SMCREPOIEr AEFAUIT VAIUES.........oiueiiieiieee et b e bbbt h e e bttt b e e b e e Rt e s b e nb e b e s bt sbe st e e neeneeneetas 21
Figure 17: Graphic display of boiliNg-pOINt EFFECLS ........cciiiiie e e r et e s be s beste e e e e e e e ras 22
Figure 18: Experimental recoveries of relative volatility StAaNardsS............cccoceiviieiiiiii i 23
Figure 19: Boiling points of the relative-volatility internal Standards.............cocveiiiiie i 24
m Figure 20: Recovery of relative-volatility internal standards that reflect only relative volatility.............ccocveveieiereini e, 25
Figure 21: Linear relationship of relative volatility to recovery determined from relative-volatility internal standards............c..c.c....... 26
Figure 22: Graph of recovery as relates to relative VOIALITITY ..........cccoveoiiiiii it 27
Figure 23: Relative-volatility internal Standard GroUPINGS ........cui ittt bttt 28
: Figure 24: Boiling-point internal Standard grOUDPINGS .........cieuiirtiiiirieieisie ettt bbbttt bbbt b et et nbe e 29
Figure 25: Route for identifying group analyte iS MEMDET ...t 30
Figure 26: Volatile COMPOUNT SUITOGALES .......c.eiuieieiterieite ettt eiie ettt sttt ettt et e besbesbesbeebeeseeaees e e e e beebeebeebeeRees b e eeeebesbeebeabeeneeneennetas 31
Figure 27: Non-purgeable COMPOUNT SUMTOGALES ........couerueitieieiieiietete sttt stesieete e et e teseesbesbeebesbeaseeseeeeebesbesbeebeaaeasbessenbesbesbeabeeneaneeneentas 32
Figure 28: Semi-volatile COMPOUNT SUITOGALES ........coueitiiteitieieeieie ettt sttt ettt e besbesbesbeebeebeeseesbe e ebesbeebeebeaReesbeasenbesbeabeabeeneaneeneenas 32
Figure 29: Internal standard AEriVEd FTECOVETIES .......cviiuiiieiicieie et ettt te s et se et et e st e s te s beete et e e st esee e et e be st e e beeae et ee e enbeseesbestesneeneeseenrs 33
Figure 30: Volatile SUITOQAate FECOVEIY QAIA ........ecieieieieiieite ettt ettt st et et e e e e et e st et e beesee e et e besbeeteeseesee s ebestesbeareenseneenrers 35
Figure 31: QUaNtItation FEPOIT NEAUET .........cviiiieii et et e et et e b e st e et e e Rees e e e et e s eeseesbeeReesee e et e seeseenreaneaneeneenrn 35
m Figure 32: Quantitation report Sample INFOIMALION ..........ccciiiii e r et resnesre e e eneeneees 36
Figure 33: Files used in quantitation 0f SAMPIE file .......ccvivieii e 36
FIQUIE 341 RESUIT QUATITIEES ...k b bbb bbb bbb bbbtk b bbbt b et 37
[ | FIOUTE 357 ANGIYEE TESUIS ...couuivuiruiirsinsinsinsinsinsinsiisis s s s s s s s st st s st 38
Figure 36: Relative-volatility and boiling-point ValUes fOr MTBE ..ot 39
Figure 37: Integrated area for each compound from GC/MSD ..ottt e bbbt se e 40
Figure 38: Calibration data fOr MTBE ..ot b et bbbt h e e e b e bt b e e b e e Rt e s b e eb e b e sbesbe et e e neeneeneebas 41
Figure 39: Reporting limits using MDL rePOFrtinNg OPLION ........c.ouiiiiieie ittt sttt b e bbb bt e et e s e b et e sbesbe st e e e eneesnenas 43
Figure 40: Reporting limits using MDL reporting option with one sigma CONFIAENCE...........ccieiiiiie i 44
Figure 41: Reporting limits using CRQL reporting option with 50% threshold .............ccooviiiiiieiiii s 45




Introduction

Method 8261 is a GC/MS/vacuum distillation procedure used to determine the amount of volatile analytes in
samples. Besides the incorporation of a vacuum to volatilize analytes and separate them from sample matrices,
this method is unique in that it uses internal standards to measure analyte performance as a function of its
chemical properties. In addition to internal standards, the method incorporates surrogate compounds that are
monitored for additional method performance data. The quantitation report generated for method 8261 analysis
is unlike any other quantitation reporting, and, therefore, EPA has developed a software program
(SMCReporter) to perform method 8261 data processing and generating reports.

This document is meant to assist technical review of SMCReporter analytical reports and to identify the sources
of information that are used in generating reports. See the presentation, “Creating the Calibration Curve and
Generating Method 8261 Quantitation Reports through SMCReporter V4.0 for a description of how to use
SMCReporter to generate quantitation reports

h (http://www.epa.gov/nerlesd1l/chemistry/vacuum/methods/software.htm#calibration).

z In this document, the sample quantitation output from SMCReporter is called an analytical report and includes

m the quantitation report containing the analyte results, the internal standard report containing the matrix

correction data, and the surrogate report containing the results of special monitoring compounds that are added

to each sample prior to analysis. This document shows how to verify that the information provided by

: SMCReporter in the analytical report is accurate. Each result can be reproduced outside the SMCReporter

U Program to demonstrate calculations are valid and all information. This report provides a demonstration of how
to reproduce the matrix corrections for a given sample from integrated responses from the GC/MS, reproduce

o the surrogate data and finally reproduce the quantitation report.

ﬂ The first section examines the Internal Standard Report. The second section addresses the surrogate results, and
the last section addresses the generation of the analytical results.
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Source of SMCReporter and Raw Data Used in Following Examples

Method 8261 calculations are performed by the program “SMCReporter”. This program is available from the
EPA’s Vacuum Distillation website (http://www.epa.gov/nerlesd1/chemistry/vacuum/default.ntm) and can be
downloaded without cost (http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm). See the
Training Presentation, “Creating the Calibration Curve and Generating Method 8261 Quantitation Reports
through SMCReporter V4.0” for instruction on generating quantitation reports.

The raw data used in the examples are from the example.zip file, which is also available from the software
webpage (Figure 1).

National Exposure Research Laboratory
Environmental Sciences

2 L
oot Recent Additions | Contact Us | Print Yersion — Search: l:l [GO]
z EPA Home = Research & Development = Exposure Research = Environmental Sciences = Chemistry = Yacuum Distillation = SW-546 Software
et Vacuum Distillation

Home Page

Methods
‘fou will need Adobe Acrobat Reader, available as a free download, to view some of the files on this page. See EPA's POF page to leam

Software rmore about PDF, and for a link to the free Acrobat Reader.

References

Analysis SW-346 Software

Bioconcentration
Factors Method 8261 Data Processing Software

Analysis of Fish SMCReporter performs required method 8261 calculations after GC/MS data is converted into SMCReporter format. Software is also
Tissue available for converting GC/MS data into SMCReporter farmat.

Leaves as Indicators Srcreporterd. 0 Release 04/11/05

Screening Milk - for PCs using Windows 98 or later operating system

Separation &
Isolation AqgilentSMCReparterd

BRI - far translating Agilent ChemStation results into SMCReporter format

Determinations

Technical Notes
SMCReportery2

- for translating ThermoElectron Excalibur results into SMCReporter format.

Patents

Training Presentations

Technical Questions
Superfund Evaluations An illustration of method 8261 software:
Creating the Calibration Curve and Processing Method 8261 Data Quantitation Reports through SMCRepaorter 4.0 [PDF, 47 pp., 605 KB]

- A slide presentation taking the reader stepwise through the software process of calibration and sample quantitation. The reader
can perform the same processing illustrated by downloading the Smcreporter-Standalone and the data files contained in the
following zip file.

- example. zip
This zip file containg data files for the demonstration of "Creating the Calibration Curve and Processing Method 8261 Data." Save
the example.zip to the newly created example folder and then unzip the files to the SMCREPORTER folder. The zip utility
should create the files under a folder called "example”.

Figure 1: Software webpage: http://www.epa.gov/nerlesdl/chemistry/vacuum/methods/software.htm
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The SMCReporter Program generates analytical results in three parts, quantitation, internal standard and
surrogate reports. This document traces the steps a verification of data might require. The verification steps
presented here includes the scheme method 8261employs to measure effects relating to boiling points and
relative volatilities, how this information translates to the recovery of analytes, and how the software generates
concentrations with associated method performance information as associated error.

Generating Example Print Outs

If you have performed the Calibration exercise identified in the presentation, “SMCReporter - Standalone
Demo: Creating the Calibration Curve and Processing Method 8261 Data” you can reproduce the example that
is discussed in this presentation using the additional data provided with this document. The example is
generated by performing a 5-point calibration curve using the library, CLPlibrary, the internal standard file,
CLPistds.ini and calibration runs (t4050601 (blank), t4050609 (dilution at 0.006), 4050604 (dilution at 0.02),
F t4050605 (dilution at 0.1), t4050606 (dilution at 0.6) and t4050607 (dilution at 2.0). After creating calibration,
z save as C040506.cal. Then quantitate t4050604.txt as a 5-mL water sample, and print the quantitation and QC
L

reports. The generated report is the example being addressed in this presentation and presented in the following
E concentration and predicted recoveries. The analytical example report is presented in Figures 2-4.

slides. SMCReporter generates a quantitation report that includes sample description, analytes, and their

US EPA ARCHIVE DOCU



Ziuanttation Curee Reporl- Unear: BP — L. B - Yarsion 4.0 F"-H.QEI: i
Fie [dentificaion: CASMCREPCATERYCLFM4TSIENL bt Calbration Fle: CASMCREPOR TEFLCLPC 040806, CAL
Procass Date: 2RI 2006 08157 Compourd Library File: Ci3SMCREPORTERCLC LPLIERARY. TXT
Acquisiion Dabe: 4 2005 12:41 Surrogata Groups: CASMCREPORTERCLPC LPISTDS NI
Sample SEe: 5
Sample Type:
h Comment:
Sample I0;
Lat Samplke 10: Eul izids + 1 UL 1:10 Irstnument 10 GCME Ins
z Lat Ale IO: ANS0E04. O
m Qualiar: X - Compound datactsd at lkss than L3 ¥ - Compound sxcesds HOD
The Error tarm incudes propagabed calibartion ermcr
Compaund rg.'rnL Errar ] HEGIZI'-’EI}':I:DE‘HEHITI Coampound I'Ig.'lTlL Emor L] FlE!I:ZI-'EI}‘:tEE‘-'IEiU‘l
E dichlcrodiiucromethans 08z + 0127 105,22 + 083 T8 1,1,2fichiorcelhans 081z + 0062 103,13 +1.70
chicromethans 080z + 0063 105,18 + 083 77 1.2-dihloropropane 0.856 + 0035 10286 +1.70
: wirchiorde 0.807 + 1.147 106.22 + 083 78  Erachiomsthens 1.03 + 0.254 104,29 + 1.76
bramomethans 0825 + 0123 104,54 + 083 79  diromochioromethane 0530 + 0418 10274 +1.70
u. chicroelhans 112 + 0,203 105,87 + 083 B0 1, 2-diromosthane 0,550 + 0045 10240 +1.70
trichiorciucromathans 02z + 0,080 105.22 + 083 81 chiorcberzene 0.247 + 0048 101.82 + 1,85
diathvel ethar 256 + 0.523 10290 + 773 82 14,1 .2telrachioresathans 0.542 + 0424 10208 + 168
o 1,1 ,2rizhloro-1,2, 2-infucrcathans k=" + 0041 105,22 + 0Bl 83 alhyberzene 0,557 + 0044 10220 +1.72
aoatons 24.2 + 363 x® 13082 + 1386 84: m,payknes 0.z + 0026 102 56 + 1.86
1.1-dihlorosthens 0863 + 0.0B7 X 106.22 + 063 85  oEylens 08658 + 00ER 101.54 +1.36
Icdomathane 203 + 1181 104,02 + 083 85 shrane 0554 + 00 101,25 + 1,68
alyichioride 1.17 + 1167 105.22 + 063 & Isopropylbenzens 1.01 + 00565 102 24 +1.74
acatoniinle 287 + 0.578 124.11 + 1286 83  bromokm 0.845 + 0158 101,81 + 1,68
m melis acatale i.22 + 0,228 109,56 + 773 B4 ds-14-dichloro-2-bulene .64 + 0ESE 101,37 + 7.84
camon disurfide 0.eaz + 0.023 108.22 + 083 90 1,122 terEachorsthans 1.05 + 0158 101,28 + 7.35
meltsiene_chicride 1854 + 0163 X 102,50 + 078 21 1,22richkropropane 081z + 0127 100,78 + 7.65
MTEE 005 + 1108 102.77 + 773 92 propfberzens 0.Ca5 + 0031 10200 + 0.90
gzrdanirie 177 + 0164 108,42 + 779 =93 bromcberzens 1.02 + 0102 100,25 + 0,32
H trans1,2dchioroathans 0.8z + 0083 104,02 + 083 24 frare-1 4-dichicro-2-bulane 284 + 0318 100,74 + 7.64
1,1-dizhlcrosthane 0544 + 0,045 103.24 + .07 25 1.3.5rimethvitarzene 1.0 + 0028 101.29 + 0.90
: 2, 2-dichicropropans 0854 + 0164 105.18 + 083 26 Z-chlorolcluans 1.03 + 0080 101,414 + 1.1
proplonitrike 141 + 0,427 182,50 + 1426 o7 dchlorolcluans 1.0 + 0023 101,21 + 1.11
Z-bulancna 3 | + 1,44 143.24 + 1386 98  fertbulibarzens 0,586 + 0oaz 10224 + 0.90
cis1 2dchirsathans 0568 + 0.073 102,65 +1.07 29: sac-bulylbarzans 1.01 + 0017 102,36 + .40
methacryloritnle 197 + 0,158 108.02 + 804 100 pentachlorcathane 0,296 + 0472 100,53 + 0,83
u chikoroform 103 + 0.043 10228 + 076 101: 1,2 4-mmelhylbsnzsns 0.2 + 0067 101.75 + 1.1
bramechieromathans 0.806 + 212 102.70 + 076 102 pHsapropyiboluens 0.2 + 0096 102,25 + 0.1
cydohexans 0831 + 0102 105,22 + 083 102 1,3dkhlootenzens 1.02 + 0032 101,44 + 1,11
1,1 1-Iriznioraethane 0.808 + 1108 X 105,26 + 063 104: 1 4-dehlombenzens 1.04 + 0081 101.24 + 1.1
1,1-dizhlcropropans k=" + 0153 108,72 + 178 108 nbulylbenzens 0.241 + 0042 102,98 + 0.9
cabon etrachionds 0.8z + 2143 105.22 + 083 105 1,2-dkhloobenzens 0.z + 0020 101.74 + 084
¢ 1, 2-dihlorosthane 0.838 + 0.008 X 102,78 + 076 107: acelophenone 457 + 111 X 102014 + 7.35
barzans k=33 + 0080 10304 + 083 108 1 2-dibromo-3-chioropropene 08652 + 0152 103, 57 + 7.832
richiorcelnans 0254 + 0181 105,28 + 175 102 nircbanzang 2.8 + 0441 107.40 + 7.88
n melhs ovclchexane 0754 + 0,108 108,97 + 178 1100 1,2.4-richiorcbanzans 023z + 0152 106,43 + 216
1, 2-dichloropropans 0857 + 0.071 103,45 + 170 111 hexachiorobutadiens 0.574 + 0412 107.70 + 224
m melhyimethacrylata 182 + 0165 1065.22 + .00 112 naphihakns 1.05 + 0051 107,189 + 218
dibromomeathane k=" e} + 0.082 103,76 + 170 113 1,25 richkobsrzans 0852 + 011 107.00 + 218
bramedichlcromatnans 0828 + 1147 103.76 + 170 114: 2-mathyinaphihaksns 1.63 + 0158 112,74 + .67
m 1, 4-dixane 10.4 + 0684 280,60 + 1460 118 1-mathyinaphihakns 2.0 + 0161 112,74 + 367
d-rethy-2-pantanons 256 + 0.363 107.42 + 785
rans1 2-dchicropropana 477 + 0143 102,92 + 170
’ toluene 0258 + 0083 103,62 + 1,85
pynane 16.3 + 4.42 2681.04 + B1.94
cis-1 A-dchiropropsns 475 + 0,178 103,40 + 170
2-neEanone 204 + 0374 107.26 + 702

Figure 2: Quantitation report




rternal standard Report - Version 4.0 - Linsar BP - Ln: B Page: 1
Process Date: 26 2006 0837
Compoursd Library File: CASMCREPORTERCLPCLPLIBRARTY. TXT
Sumogales Groupings Fils: CASMCFEPORTERCLPCLPISTDS. NI
Ciata Fils: CASMCFEPORTER CLP T4ceced THT
Calbration Fils: CASMCREPORTERCLP Codusoe. CAL
Firzt Pass ralativa Violatliy (Logl vs. Reowery
{ Uz bo Estimiata Ralval sffecis on BP Intermnal Standards)
Compoursd BP BV Maoa. Feooveryms) Slopa It Errt 110
hissalbcroberzens 21.5 Qe 1= |, 1&ZF 1.7 3502 1.020 Q00
Auorobenzans =] an 10383, 103ea 10E
Auorcbenzens = s 10383 |, 10383 -1.572.04 10385 Q00 k'
1,2-dichkrosthare-d4 o4 20 i0EeD |, 10ER0 s "‘.\
104
Riscowary ve. Beiling Point - (First Pazs Pl Vol Cormsclions] -- - Baiing point rngsl 85.00- 22500 e
Compourd BF RV Meas., Aeoovenyi=) Slopa It Errd 100 o ] = 5
pertafluorcbenz ane == 1.5 1050 |, 10088 3954004 104710 142
tolugng-da 111 4.28 iomaa |, 10148 Fialatire V olatiliy log scala)
l Eromoberzens-ds 1 T.53 1088, =1
bromobercens-ds 155 T.E3 1M.8e | =1 SedI. Ol [eR=o=rg el
1,2dichlorobercens.d4 181 2.3 1ozez |, =513
1,2, 41nichlorch enzens 43 213 T8 10523 |, 10138 120
m 1,2, 41nichlorch enzens 43 213 T8 10523 |, 10138 3. 03 0305 1.8
niaghthakine.dg 4 iz 1025 |, 10548 .
E 1-rr-n-1h:.-|naph1hdnnn—d1l:l 244 20" 11847, 1iiE2 110 /
- =
Recoveryibp cornectad) wa. Relatics Velatiity (Lnd -~ Flelative Velatlity ranged 085 . 1409200 100 =
U Compourd BF EVe  Mamxs. Reowrer) Slopa It Errt
Eﬂ:ﬂr::;xﬂbﬂ'ﬂm 21.5 e 1= |, 1=&ZF -2 25002 1.0388 sz a0
ui yrd= -] = s 1Eed | 10247
O 1,4-dflucrcbenzana -1 ] aER 1MET 10344 & 13.3 19:_ =00 2an zE0
Boiling Paoint
a 1,4dfluorcbenzena =2C 8] 3ER 1, 10244 -2 250 02 1.054% 1.07
oy keng.dio 143 214 1% |, 1015
chlorobarzens-ds 131 &.2T jfemz  , 10R0a
m oy keng-d1o 143 214 e | 101w 420 g3 1.01944 aTe =00
chlorobarzens-d% 121 2T iozee  , 1oR0a
1, Zdbromissthiane. 44 131 b= 1iozi1e |, 10270
dﬂh:.-l_ﬂhﬂ-dﬂ:l 3 25 1324 | 10324 *
H 1, Z-dibromosthane 44 121 o] 102ie |, 10270 251302 [sR- 5 k0 T
diglhyl etherdio 3 25 1024 | 10324 =00
I tatrabydrohuran-de EE oot 10z83 |, 10zaa
acelong-13C &7 =5 8] 12047, 12017
u tetratydrohran-de =] 5 1083 |, 10ze3 o.esal 3. 1555400 1268
aelong-130C 57 £ AET AT ]
m 1,4-diwarve-ds 104 mSO0 EEAER , 290 - ]
aC Q 1 2 2 4 5 =B
acelone-1 =T =2 ] 12047, 13007 o.4Taa -1 .585+00 =3 A L. .
q 1, 4-diane-da 11 EE00 BERE , BRLED Flalative Volatiliy (log soal)
D:.-Tid'l'ﬂ-dE 115 19000 2 Z02ed | ZDZED
n * Tha relativa volatility is cutside the rangs of first pass Intemal Standards. Value displayed is default.
m Figure 3: Internal standard report




Process Dabe: Qi S00E D8LAT Page: 2
Cazwrpoward Library File: CASMCEEPORTER CLP.CLPLIBRARY. TXT
Zumogate Groupings Fil: CASMCRFEPORTER CLPCLPISTDS. NI
Dot Fils: CAEMCFEPTORTER CLP T4caceny THT
Calibration Fils: CASMCFEPORTERCLP Codo506. CAL
Zumrogate Deleminations
Wolalle Compound Sumogatesiboding point 128}
Compourd Bp Py Meas. B.P.Pradick srr RV .Predickarr Tolal Predicl' er Racowaryiarr
misthilens chlorided2 440 11.10 Br.B 100D aa 102.5 X3 10215 a8 25.4 X -]
bsresne-de ri-l ag2 106.5 10000 a0 1034 1.1 1624 14 103.0 1.1
1,2-dichloropropans-de =] 1100 100.8 100E 1.5 102.5 (=13 1035 1.7 gr.2 1.8
1,1,2-rchlorcethans-d2 11z 2550 103.4 1003 1.3 1023 oa 162 17 100.1 1&
4hmmolluoroberzens 152 8505 101.6 T 1.3 1024 oa 101.0 17 100.6 1.7
Group Avarages ar.a 1.3
Mon-Purgesble Volatde Compound Surrogatesdme 1000
Compound BP Fhy Muas. B.P.Pradick arr AV .Predickerr Total Pradicter Racorergiarr
ritromathane- 13C 1 S10.00 108.8 1007 1.5 1185 128 1203 4.1 0.4 1GE
sthrplacelate-13C v 15000 103.3 10000 a0 1082 T.B 1082 TA 85.5 =%
D:.-Tidi‘ri-dE 115 150 253.0 10401 1.3 287 .2 =3 e Z|T.e S20 28.0 1B
Group Averages B1.3 124
ZamiV olatils Compaund Surmagatesdboling point-=1 58]
Compourd BpP Py Meas. B.P.Pradict srr RV .Predicarr Total Predict' er Racowaryiarr
di-cdi.m\cb'lﬂhirl:fl o0 303 110.5 1008 a4 1034 oa 1043 a3 106.0 as
ritrobsnz s neds Z10 &T.5 116.8 101 a4 1052 T.B 107.3 TAa 108.8 20
acstophenone-ds 02 15100 141.2 100E a4 1084 7.8 1024 T8 128.4 23
riaphthakns.da 217 1820 108.5 1040 240 102.8 oa =8 2.2 102.5 z1
Group fverages 117 =1

Figure 4: Surrogate report
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Internal Standard Report

The internal standard report (Figure 3) is the heart of the analytical report and must be
understood in order to verify any analytical results. This page describes the matrix and method
effects on a sample as measured by the suite of internal standards. All of the algorithms used in
generating the quantitation report are presented in the internal standard report.

The header of the internal standard report summarizes sources of the data that went into
generating the internal standard report (Figure 5). The pathway to these files is also shown for
convenience. The header identifies the SMCReporter processing date. The compound library file
identifies the list of analytes and internal standards, their chemical properties and calibration.
The internal standard/surrogate file (surrogate groupings file) identifies the assigned use of each
internal standard. The data file contains GC/MS raw data in a format for SMCReporter to read.
The calibration file contains the data that was used to generate a calibration curve and results.

Procass Data: 04726/ 2006 08:27

Compound Library File: CASMCREPORTERVWILPVCLPLIBRARY . TXT
Sumregate Groupings File: CASMCREPORTERVWCLAPVCLPISTDS. IMI
Data File: CASMCREPORTERVWILPAT4050204 . TXT
Calibration Fila: CASMCREPORTERVC LAV CDA0508, CAL

Figure 5: Header of the internal standard report

Experimental Recoveries

An initial review of the data begins with the verification of the raw data results. One can test the
correctness of the header information by regenerating the experimentally measured recovery of
an internal standard. The header (Fig 5) identifies that the compound library, CLPlibrary.txt, and
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the internal standard file, CLPistds.ini, and calibration file, C040506.cal, were used for
generating the analytical report.

First Pass ralatve Volatility (Log) ve, Racoveary
{Usad to Estimate Rel vaol effacts on BP Internal Standards)

Cormpound BP BVW  Maas,,

hexafluocroberzensa a1.5 0.85 108.27
flucrobarzeans a5 356 103.83
flucroberzens as a5 103.83
1,2-dichloroethane-d4 a4 20 103.80

Figure 6: Experimental recoveries under ""Meas."

The Experimental recovery Of €ach of the internal standards is determined as its response in an
analysis compared to its calibrated response.

Experimental recovery = Raw integration area from data file +~ (average
calibration response x spike amount) (Eql)

The spike amount is the amount (mass) of internal standard added to each analysis (this value is
stored in the compound library).

The experimental recovery is reported as % in the column “Meas.” Note: SMCReporter uses
fractional recoveries in all calculations but presents the value as a % in the Internal Standard
Report.

Example 1: We want to reproduce the experimental recovery of hexafluorobenzene from the
example. The average calibration response (16059.125) for the hexafluorobenzene is obtained
from the calibration file, C040506.cal. The amount of hexafluorobenzene added to all analyses is
obtained from the compound library, CLPlibrary.txt (250 ng). The total response expected for
hexafluorobenzene is the calibration response (area/ng) times the spike amount (250 ng) and yields
a response of 4014781. The response of hexafluorobenzene in the data file, T4050604.txt, is
4266423. Therefore, Experimental recovery OF hexafluorobenzene = 4266423/4014781 =1.06268 =
106.27%.
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Internal Standards for Different Functions

As noted in the presentation “Method 8261 Chemistry” posted on EPA’s Vacuum Distillation
webpage, there are two important chemical properties of compounds that determine how well a
compound will be extracted from a sample and transferred to the GC/MS for analysis. One type
of internal standard is a relative volatility internal standard. These internal standards are used to
measure relative volatility effects and create functions to describe recovery vs. relative volatility.
Another type of internal standard is the boiling point internal standard. These internal standards
are used to measure boiling point effects and create functions to describe recovery vs. boiling
point.

These boiling point and relative volatility effects are calculated as recoveries. The experimental
recovery of a compound is a product of these combined effects and can be expressed as

Experimental Measurement recovery = BP recovery X RV recoveryl (Eq2)

Where  BP recovery = the recovery reflecting boiling-point effects
RV recovery = the recovery reflecting relative-volatility effects
Experimental Measurement recovery = the GC/MS response divided by the
calibrated GC/MS response

The internal standards are then used to equate experimental recoveries to both boiling point and
relative-volatility effects. In Method 8261, we determine the boiling-point recovery as a
function of compound boiling point and relative-volatility recovery as function of compound’s
relative volatility.

One problem with these variables is that each compound experiences both boiling-point and
relative-volatility effects. Method 8261 incorporates the first-pass internal standards to separate
the effects of these variables.

First-Pass Relative Volatility Effects

The first-pass internal standards are like the relative volatility internal standards but with a
limited use. First-pass internal standards are used solely to clarify experimental recoveries of the
boiling-point internal standards so that relative-volatility effects on the experimental recovery of
boiling-point internal standards are mitigated. This procedure is only used to clarify boiling
point effects.

First-Pass Internal Standards Are Selected by their Ability to Measure
solely Relative-Volatility Effects

The previously-introduced equation that breaks experimental recoveries into boiling point and
relative volatility effects is
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Experimental Measurement recovery = BP recovery X RV recovery (E02)
By minimizing boiling point effects and assume that BP recovery IS 100%, the equation becomes
Experimental Measurement recovery = RV recovery (Eq3)

Equation 3 is a special condition that is narrowly defined. In practice, there are few compounds
that we can use as internal standards (compounds that are labeled or rare in environment) that
would yield 100% recovery. Having a limited number of compounds, the range of relative
volatility effects, Equation 3 is not applicable to all Method 8261 compounds. Therefore,
Method 8261 uses first-pass internal standards to describe a narrow range of relative volatility
values and that range that is only applied to the boiling-point internal standards.

Compound BF BWW
hexaflucrobenzens 81.5 0,85
flusrobanzana 113 a5
flusrobarzansa a5 a5
1,2-dichloroethans-d4 a4 20

Figure 6: First-pass internal standards

The three first pass internal standards (Figure 7) are hexafluorobenzene, fluorobenzene, and 1,2-
dichloroethane-d, and have boiling points that span a 3.5 °C range (81.5, 85, and 84 °C
respectively). However the compounds span a relative volatility range of 0.86 to 20. The
boiling point of the first pass internal standards should be 85 °C or less where boiling point
effects are expected to be minimal (Figure 8).
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Figure 7: Losses by boiling point

Determining First-Pass Effects, Step 1: Calculate First-Pass Internal
Standard Recoveries

The first-pass effects are measured by relating the recoveries of the first-pass internal standards
to their relative volatility values. Any experimental deviation of recovery from 100 % for these
compounds is considered a first-pass effect. Therefore the experimental recoveries of the first-
pass internal standards are used to describe first-pass effects.

Compound BP RVW  |Meas.

hexafluorobernzens a1.5 0.85 10627
....... - fluoroberzens a5 3.5 103.83

flucrobenzens a5 3.5 103.82
[T} 1,2-dichloroathans-d4 a4 20 102,80

Figure 8: Experimental recoveries of first-pass internal standards
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Determining First-Pass Effects, Step 2: Determine Relationship of
Recovery to Relative Volatility

The internal standards in the first-pass section are put into two groups, hexafluorobenzene and
fluorobenzene and fluorobenzene and 1, 2-dichloroethane-d4. Separating the internal standards
into groups allows description of effects over a narrow range, which can make the description
more precise and easier to determine. The experimental recoveries of the three first pass internal
standard are used to generate a line for each group (y = m x x + B where recovery is “y” and In
[relative volatility] = “x”). The relative volatility relationship to recovery is logarithmic as
illustrated in the presentation “Method 8261 Chemistry”. Therefore, the natural log of relative
volatility is used for determining the lines. SMCReporter, as an option, does not use the
logarithm of the relative volatilities. How SMCReporter uses values is identified in the topmost
row of the internal-standard report Figure 9.

. o Jlntemal standard Reyort - Varsion 4.0 - Linear: BP - Ln: BVW

Figure 9: Top line of internal standard report identifies if values or logarithm of values are used in
calculations

The first first-pass line has two points. The first line is determined using points for
hexachlorobenzene (In (0.86), 1.0626788) and fluorobenzene (In (3.5), 1.0383073). Using these
points to determine the line between them (Y = m x X + B), we get the slope and intercept
presented in Figure 10. This equation can now be used to predict recovery of compounds with a
relative volatility value of V (if it is between 0.86 and 3.5) by the equation,

Recovery = -1.736e-2 (In (V)) +1.0601

Note: When checking values to the last decimal place do not round numbers as SMCReporter
only rounds numbers for displaying values. If you use the displayed first-pass recoveries
(rounded to 1.0627 and 1.0383) then the slope will be -0.01738.

The second first-pass line is generated in the same manner but addresses relative volatility values

lying between 3.5 and 20. After the first-pass internal standard equations have been solved, they
are used to determine the relative-volatility effects on the boiling-point internal standards.

16



First Pass relative Volatility {Log) vs. Recovery

{Usad to Estimate Rel vol effects on BP Internal Standards)
Compound BF RYW  Meas. Recovery(?s) Slope Int.
hexafluoroberzens 81.5 0.85 106.27  , 10627 -1.736e-02 1.0&M
fluoroberzens a5 3.5 103.83 |, 10383
flucrobarzens as 35 10323 |, 103.82 -1.572e-04 1.03285
1,2-dichlorosthane-d4 o4 20 10380 , 10380

Figure 10: First-pass linear equations

Determining First-Pass Effects, Step 3: Present First-Pass Internal
Standards Graphics

A graphical presentation of the first-pass internal standard data and the resulting lines are
provided for easier review of data. The graph presents each internal standard data point as well
as the determined lines.

110
102
\l-
....... 106 A"
104 \'
e 102
100
0 1 2 3
; Relative Vaolatility(log scale)

Figure 11: First-pass internal standard graphics
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Boiling Point Effects

After the first-pass internal standards have described the first-pass relativity effects as line
functions, they are used to determine the first-pass relativity effects on the boiling-point internal
standards. Canceling the first-pass relativity effects in the measured recovery of the boiling-point
internal standards provides recoveries that reflect just boiling point effects. To make the boiling
point relationships easier to define, the range of values are divided into smaller segments (or
groupings). Each grouping contains three or more boiling-point internal standards. The boiling
point vs. recovery relationship for each grouping is calculated as a line.

Determining Boiling-Point Effects, Step 1: Determine the Experimental
Recovery of the Boiling-Point Internal Standards

The experimental recoveries of the boiling-point internal standards are determined from the raw
data as described in the section “Experimental Recoveries”. This data is displayed in the
“Meas.” column as Figure 12.

Recovery vs. Boiling Point - (First Pass Rel Vol Corrections) --  Boiling point range( 85.00 - 229.00 )

Compound BF RVW  |Meas. Recovary(¥s) Slopa Int. Enma
pentafluorcbenzens a5 1.51 10580 , 10052 -3.964e-04 1.0470 1.48
toluana-d2 111 4.28 10528 , 101.49

bromobenzens-da 155 7.93 186 , 281

bromobenzene-ds 155 7.93 mes | , 98N SEd2e-14 0.8921 0.35
1.2-dichlorabarzens-ck 181 a.0a 10292 , 9913

1,2 4trichlorobenzene-d3 213 7.ea 10523 , 101.36

1.2 &trichlorobenzene-d3 213 .88 10523 , 101.36 3.389e-03 0.3045 1.99
naphthale ne-cl2 217 14 10951 |, 10549

1-methyInaphthalene-c10 241 20 MeA7 |, 111.92

Figure 12: Experimental recovery of boiling-point internal standards
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Determining Boiling-Point Effects, Step 2: Measure the First-Pass Relative
Volatility Effects on the Boiling-Point Internal Standards

The relative volatility related recoveries of the boiling-point internal standards are calculated
using the equations determined by the first-pass internal standards. This is done by taking the
natural log of each boiling-point internal standard’s relative-volatility value and interpolating
their predicted recovery as a function of first-pass equations. The relative volatility values of the
internal standards are highlighted in Figure 13.

Recovery vs. Boiling Point - (First Pass Rel Vol Corrections) --  Boiling point range( 85.00 - 229.00 )

Compound BFP RVW | Meas. Recovary(¥o) Slopa Int. En%a
pentafluorobenzens as 1.51 10580 , 10052 -3.064e-04 1.0470 1.48
toluana-d2 111 4.28 0538, 101.49

bromobenzens-da 185 7.93 1m.ee , 281

bromobenzene-ds 155 7.93 oes  , 98N SEd2e-14 08921 0.35
1.2-dichloraberzens-cl 181 a.03 n292 , 9913

1.2 4trichlarobenzens-d3 213 7.e8 0523 , 101.36

1.2 4trichlorobenzene-d3 213 .88 10523, 101.36 3.389e-03 0.3045 1.99
naphthale ne-cl2 217 18 10951, 10549

1-methyInaphthalene-c10 241 20 neaA7 11182

Figure 13: Determine relative volatility effects on boiling-point internal standards using first-pass
equations

Example 2: What are the first-pass effects on pentafluorobenzene? Pentafluorobenzene has a
relative volatility of 1.5, which means the first first-pass equation (values below 3.5) should be
used. We know the equation is a line (y = m x X+B) and we have the solutions for M and B
(slope and intercept). Substitution gives

FP recovery = -1.736 x10%xIn (1.5) + 1.0601 = 1.0529

Determining Boiling-Point Effects, Step 3: Determining the Recovery of
Boiling-Point Internal Standards that Reflect Boiling-Point Effects

The measured recovery values of the boiling-point internal standards are high-lighted in Figure
14 (as fraction not %). The first group of boiling-point internal standards has measured
recoveries of 1.0529, 1.0383, and 1.0382 and these must first be revised to mitigate effects from
their relative volatility values (1.51, 4.28, and 7.93, respectively).
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Recovery vs. Boiling Point - (First Pass Rel Vol Corractions) --  Boiling point range( 25.00 - 229.00 )

Compound BP RVW  Meas. Recovery(%s) Slope Int. Emis
pentafluorobenzens a5 1.51 10590 | 100.58 -3.964e-04 1.0470 1.48
taluens-d2 111 428 10538, | 101.49

bromobenzene-ds 1585 7.93 mes 94N

bromoberzens-ds 185 793 10188 981 5842004 08521 0.35
1,2-dichloroberzane-ck 181 a03 10292 9913

1,2 4-trichloroberzens-d3 213 7.88 105.23 | 101.36

1,2 4-trichlorcberzens-d3 213 788 10523 | 101.36 3.3009e-(3 0.3045 1.99
naphthale ne-clg 217 18 10951 | 10549

1-methylnaphthalens-di0 241 2o mely | 111.82

Figure 14: Recovery of boiling-point internal standards after first-pass corrections

Looking at the Example 2 results, if there were no boiling-point effects on pentafluorobenzene,
its measured recovery should have been 1.0529 and not the 1.0590 we found from the raw data.
The measured value is fractionally 1.0058 greater than expected from just the first-pass relative
volatility effects (1.0590/1.0529). The comparison of measured recovery to the first-pass
predicted recovery is calculated as the boiling point effect on pentafluorobenzene. This
recovery is reported in the Report Recovery (%) column as 100.58 in figure 14.

Determining Boiling-Point Effects, Step 4: Determine Boiling-Point Effects
as Functions of Recovery Relative to Boiling Point

Compensating the experimental recovery of the boiling-point internal standards for relative
volatility effects predicted by the first-pass internal standards, yields recoveries that are
attributed to boiling point effects. Fig 12-15 shows that the boiling point effects are described as
three ranges in our analytical report example. Using the three compounds in each group, a line
describing the relationship of boiling point to recovery is determined and these are highlighted in
Figure 15. The line determinations require regression analyses and it is suggested to use
spreadsheet functions to verify the slope, intercept, and standard error (1 sigma).

Recovery vs. Boiling Point - (First Pass Rel Vol Corractions) --  Boiling point range( 25.00 - 229.00 )

Compound BP RvW  Meas. Recovery(®s) Slope Int. Emr%s
rentaflucrobenzens a5 1.51 105.90 , 10058 -2.964e-04 1.0470 1.48
toluens-da 111 428 10538 , 101.49

bromobenzens-ds 1585 793 1o1.es  , 98N

bromoberzens-ds 155 7.93 o186, 2811 5.642a- 04 0.8921 0.35
1,2-dichlorobernzens-ci 181 8.03 o292 , 9913

1,2 4-trichloroberzens-d3 213 7.An 10523 , 101.36

1,2 4-trichlaroberzene-d3 213 7.An 10522, 101.36 3.300s- (3 0.3045 1.99
naphthalene-cla 217 18 109.51  , 10549

1-mgthiylnaphtialene-d10 24 20" ey, 111.82

Figure 15: Boiling-point effects expressed as functions

Example 3: Using a Lotus spreadsheet, the line for the first boiling point group is solved by the
regression function. First create Range A (contains boiling points 85, 111, 155) and Range B
(recoveries 1.0058, 1.0149, 0.9811). The Lotus functions are used to duplicate SMCReporter
calculations as

20



intercept = @regression(Range A, Range B, 1, 1) = 1.0470
slope = @regression(Range A, Range B, 101, 1) = -3.964x10 %
err = @regression(Range A, Range B, 2) =.0148

Notice that the highest boiling compound, 1-methylnaphthalene has a relative volatility value of
20 with an asterisk (Figure 16). The actual relative-volatility value for 1-methylnaphthalene is
67 but only a value of 20 is used because the largest relative-volatility value of the first-pass
internal standards is 20. This substituted value can be a source for some error but a better
internal standard has not been found for the upper boiling point. SMCReporter, as a default,
does not extrapolate values.

| 1-methylnaphthalene-c10 241 20" |

I * Tha ralative volatility is outside the range of first pass Intemal Standards. Value displayed is default.

Figure 16: SMCReporter default values

Determining Boiling-Point Effects, Step 5: Present the Boiling-Point Effects
as a Graph

The boiling-point effects are displayed graphically as individual points (boiling-point internal
standard recovery and boiling point values) as well as the lines that were determined for the three
groups. The graph provides a quick view of how the boiling point internal standards behaved
(compared to the calibration curve) during the vacuum distillation. A review of the trends in the
graph as well as the error values in the determination of boiling point to recovery lines (Figure
17) provides insight as to how uniform the analysis was.
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Figure 17: Graphic display of boiling-point effects

Relative Volatility Effects

After the boiling-point internal standards have described boiling point effects as line functions,
the line functions are used to determine the boiling-point effects on the relative-volatility internal
standards. In the same manner that experimental recoveries of the boiling point internal standards
were made to reflect only boiling point effects, the recoveries of the relative-volatility internal
standards are compensated to reflect only losses from relative volatility effects. This is done by
compensating the relative-volatility internal standards experimental recoveries for boiling-point
effects. After the experimental recoveries are adjusted, the effects from relative volatility can be
described. To make the relative-volatility relationships easier to define, the range of values are
divided into smaller segments (or groupings). Each grouping contains three or more internal
standards. The natural log of relative volatility vs. recovery relationship is calculated as a line
for the five relative-volatility internal standard groupings.

Determining Relative-Volatility Effects, Step 1: Determine the Experimental
Recovery of the Relative-Volatility Internal Standards

As in the first-pass and boiling-point sections, the “Meas.” column highlighted in Figure 18
reflects the experimental recovery of the relative-volatility internal standards.
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Recovery(bp corrected) vs. Ralative Volatility (Ln) —  Relative Volatility range( 0.86 - 14992.00)

Compound BP RVW | Meas. Recovary(¥a) Slope Int. Enm%e
hexaflucrobarzena a1.s 0.88 10827 | , 108.27 -2.250e-02 1.0589 0.83

fluorobernzens a5 3.5 10283 |, 10247

1 4-difluorobenzens ans 3.83 10467 , 10344

1 4-difluorobenzens ansg 3.83 10467 , 103.44 -2.2658-02 1.0845 1.07

o-xylens-d10 143 6.14 100sa) , 1057

chlorobenzena-ds 131 6.27 o252 , 103.03

o-xylens-d10 143 G.14 10058 |, 10157 4.8601e-03 1.0144 0.78

chlorobenzens-ds 131 8.27 o252 , 103.03

1,2-dibromcathans-c4 13 28 1w0w21a . 10270

diathyl_sthar-d10 a5 32.5 103.24 | |, 103.24

1,2-dibromcathanea-c4 13 28 1mzae| , 10270 3.613e-02 0.9007 779

diathyl_sthar-d10 a5 32.5 103.24 | |, 103.24

tatrahydrofuran-c2 =5 358 10283 , 10283

acetone-13C 57 =] 12047, 12047

tatrahydrofuran-cg == 385 10283 , 10283 08991 -3.158e+00  13.85
acetone-13C 57 00 12047, 12047

1 4-dioxane-da 1M 5800 293.23) , 291.20

acetone-13C 57 00 12047, 12047 0.4738 -1.685e+00  B1.73
1 4-dicxane-da 1M 5800 293.23 ), 291.20

pyridine-ds 115 18000 | 28295 |, 282.60

Figure 18: Experimental recoveries of relative volatility standards

Determining Relative-Volatility Effects, Step 2: Calculate the boiling-point
Effects on the Relative-Volatility Internals Standards

The experimental recoveries of the relative-volatility internal standards reflect both relative
volatility and boiling-point effects. As the boiling-point internal standard recoveries were
modified to remove relative volatility effects measured by the first-pass internal standards, the
boiling point effects are removed from the relative volatility internal standards. Boiling-point
recoveries are calculated by the boiling-point equations (see Boiling-Point Effects). Taking the
boiling point of each relative-volatility internal standard (Figure 19), their boiling-point-
recoveries are interpolated from the boiling-point equations. The criteria that SMCReporter uses
to determine the equation selected (boiling-point group) depends on the boiling point of the
relative-volatility internal standards being calculated.
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Recovery (bp corrected) vs. Relative Volatility (Ln) -  Relative Valatility range( 0.86 - 14999.00 )

Compound BP RVW  Meas. Recovery(e) Slope Int. Enm%a
hexafluoroberzens a41.5 0.85 10e27  , 10827 -2.250e-02 1.0589 0.83
flucrobernzens a5 3.5 103.83 |, 10247

1. 4-diflusrobarzens ans 3.83 10467 , 102.44

1 4-diffusroberzens 485 2.a3 10467, 103.44 -2.265e-02 1.0645 1.07
o-xylens-d10 143 6,14 moss 1057

chlorobanzena-ds 1 B.27 10252 , 102.03

o-xylene-d10 143 6,14 moss 157 480103 1.0144 0.7&
chlorobanzena-ds 13 6.27 10252 , 103.03

1,2-dibromcathans-cl4 1 28 w0219, 10270

diethyl_ather-d10 as 325 10324 |, 10324

1,2-dibromcathane-c4 121 26 mzae 10270 3.613e-02 0.9007 7.79
diethyl_athar-d10 as 325 10324 , 10324

tatrahydrofuran-ds &5 385 mnze3 , 10223

acetone-13C &7 &00 12047, 12047

tatrahydrofuran-c2 (=] 385 10283 , 10283 05221 -2.158e4+00 12,05
acetone-13C &7 E00 12047, 12017

1, 4-dicxane-dg8 10 5800 29323 , 2M.20

acetone-13C 57 00 12047, 12047 0.4738 -1.685e+00 &1.73
1, 4-dicxane-dg 101 5800 29323 , 24.20

pyridine-ds 115 18000 28285 , 282.60

Figure 19: Boiling points of the relative-volatility internal standards

Example 4: What are the boiling point effects on chlorobenzene-ds? Chlorobenzene-ds has a 131
°C boiling point, which means the first boiling point equation in Figure 15 (values below 155 °C)
should be used. We know the equation is a line (y = m x X+B) and we have the solutions for M
and B (slope and intercept). Substitution gives

BP recovery= -3.964x10%x131 + 1.0470 = 1.0252

Determining Relative-Volatility Effects, Step 3: Determining the Recovery
of Relative-Volatility Internal Standards that Reflect Relative-Volatility
Effects

As noted in equation 2, the experimental recovery is a product of the recovery after boiling point
effects and recovery after relative volatility effects. We have the experimental recovery and can
determine the boiling-point effects from Figure 15 so we can now solve for the relative volatility
recovery as

RV recovery = Experimental Measurement recovery +  BP recovery (Eq4)

Using equation 4 the recovery of the relative volatility internal standards that reflect relative
volatility effects are determined and listed in Figure 20 in the column “Recovery (%)”.

Example 5: What is the recovery that reflects relative volatility effects for internal standard, o-
xylene-d? 0-Xylene-dy, has a boiling point of 143 °C which means the first BP equation (boiling
point values below 155 °C) is used to determine BP recovery. The equation is aline (y=m x X +
B) and we have the solutions for m and B (slope and intercept) so substitution gives

BP recovery= -3.108x10%'x143 + 1.0470 = 0.99031

We have already calculated the experimental recovery for o-xylene-d;, giving
RV recovery = 1.0059 + 0.99031 = 1.0157
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Racovearyibp corracted) vs. Ralative Volatility (Ln) - Relative Valatility rangs( 0.86 - 1499900 §

Carnpound BP RVW  Meas. Racovarny?s) Slope Int. Ene
hexafluorobernzens 81.5 0.85 10627, | 10627 -2.250e-02 1.0589 0.83

flucrobarzans :1.3 a5 103.82 | | 10247

1, 4-difluorobanzensa 845 2.83 10467, | 102.44

1 4-diffuorcberzens 8a.5 3.83 10467, | 103.44 -2.265a-02 1.0845 1.07

o-xylera-dl0 143 £.14 10059 157

chlorobanzena-ds 121 B.27 10252 | 102.03

o-xylena-dl0 143 £.14 10059, | 1MEF 4.801e-03 1.0144 0.76

chlorobanzena-ds 121 827 10252, | 103.02

1,2-dibromeoathans-d4 13 28 0219, 102370

digthyl_sther-d10 35 32.5 10324 103224

1,2-dibromosthans-d4 131 26 m2a9 | 10250 3.613e-02 0.9007 779

digthyl_athar-cd10 3s 3256 10324 | 102.24

tatrahydrofuran-c2 G5 385 10283 | 10283

acetone-13C &7 00 12047, 12047

tatrahydrofuran-c2 &5 385 10283 10283 0.2981 -3.158e400  12.85
acetone-13C 57 00 12017, 12047

1 4-dicxane-d2 1 5000 29323, |291.20

acetone-13C &7 00 12047, 12047 04738 -1.685a+00  B1.73
1 4-dicxane-d& 1M 5800 29323, |291.20

pyridine-ds 115 18000 28295 | |252.60

Figure 20: Recovery of relative-volatility internal standards that reflect only relative volatility

Determining Relative-Volatility Effects, Step 4: Determine Relative-Volatility
Effects as Functions of Recovery to Relative Volatility

Compensating the experimental recovery of the relative-volatility internal standards for boiling
point effects predicted by the boiling point internal standards, results in recoveries that are
attributed to relative volatility effects. Fig 21 shows that the relative volatility effects are
described as five ranges in our analytical report example. Using the internal standards in each
group, a line describing the relationship of the natural logarithm of relative volatility to recovery
is determined. The line determinations require regression analyses and it is suggested to use
spreadsheet functions to verify the slope, intercept, and standard error (1 sigma).
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Recovearyibp corractedd) vs. Ralative Volatility (Ln) - Relative Volatility rangs( 0.86 - 1499900 )

Carnpound BP BRVW  Meas. Racovarny®s) Slopea Int. En?e
hexafluorobernzens 81.5 0.85 10627, 10627 -2.250e-02 1.0589 0.83

flucrobarzans =13 a5 10382 |, 10247

1, 4-difluorobanzens 2485 3.83 10467, 103.44

1 4-difluorcbernzens aas 3.83 10467, 103.44 -2.265e-02 1.0845 1.07

o-xylera-dl0 143 B.14 10059, 1ME7

chlorobanzena-ds 121 B.27 10252, 102.03

o-xylena-dl0 143 5.14 10059, 1E7 4.801e-03 1.0144 0.76

chlorobanzena-ds 121 B.27 10252 , 102.03

1,2-dibromoathans-d4 131 26 0219, 102370

digthyl_ethar-d10 3s 328 0324, 10224

1,2-dibromeosthans-d4 131 26 m219 102370 361302 09007 779

digthyl_athar-d10 as 3258 10324 , 10324

tatrahydrofuran-c2 (=] 355 mz2e3 , 10283

acetone-13C &7 E00 12047, 12047

tatrahydrofuran-c2 £ 385 10283 , 10283 0.5981 -3.158e400 1385
acetone-13C 57 00 12047, 12047

1. 4-dicecane-d2 1M 5000 29323, 291.20

acetone-13C &7 00 12047, 12047 04738 -1.685a+00  B1.73
1 4-dicxane-d& 1M 5800 29323, 291.20

pyridine-ds 115 18000 28295 |, 25260

Figure 21: Linear relationship of relative volatility to recovery determined from relative-volatility
internal standards

Example 6: Derive the relative volatility function for the third relative volatility group. Using a
Lotus spreadsheet the line is solved by the regression function. First create Range A (contains
natural logarithms of 6.14, 6.27, 26, and 32.5) and Range B (recoveries 1.0157, 1.0303, 1.0270,
and 1.0324). The Lotus functions are used to duplicate SMCReporter calculations as the
following,

intercept = @regression(Range A, Range B, 1, 1) = 1.0144

slope = @regression(Range A, Range B, 101, 1) = 0.004601 = 4.601x107

err = @regression(Range A, Range B, 2) =.0076

Determining Relative-Volatility Effects, Step 5: Graphic Display of Relative-
Volatility Effects

The relative-volatility effects are displayed graphically as individual points (relative-volatility
internal standards recovery and the logarithm of relative volatility values) as well as the lines that
were determined for the five groups (Figure 22). The graph shows the data is largely uniform
but the calculated error values tend to increase with larger values of relative volatility, which is
common. Again, one of this method’s attributes is that these errors will be propagated for all
compound results. While the recoveries of the higher relative volatility compounds tend to vary
greatest, being these compounds are very sensitive to minor experimental variations, the relative
volatility corrections make these determinations accurate.
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Figure 22: Graph of recovery as relates to relative volatility

Internal Standard Groups

Internal standards are added to each sample in order to calculate matrix effects on analytes as
discussed in earlier sections. By calculating the effects as recovery, the measured response of an
analyte at the GC/MS an accurate concentration (compensated for matrix effects) of the analyte
is determined. The selection of what group of internal standards are used to measure matrix
effects is based upon the chemical properties of the analyte.

What internal standards are contained in each boiling point or relative volatility group is
identified by SMCReporter in the internal standard file. The program has a default internal
standard file containing assignments as in the example internal standard report. However, the
user can change internal standards and groupings from the default file. If the user is to change
internal standards or groups the following should be considered:

1. There are no gaps. This typically means that the internal standards that define an

upper limit of a group also define the next higher group.

2. An analyte does not have a property value that exceeds the upper range of the highest

group. SMCReporter will substitute the upper limit of the highest group should its limit

be exceeded.

3. Each boiling point and relative volatility group should have three or more internal
standards.

4. Internal Standards should be used for only one property (not always possible due to

limited selection of labeled compounds).

What is the Upper and Lower Limit of a Group?
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SMCReporter uses the upper limits of groups as criteria for determining which group is used for
a calculation of a matrix effect. The identification of a group’s limits is based on how many
internal standards populate a group. If there are only two internal standards in a group such as
the example’s first-pass internal standards, the upper and lower limits are simply the upper and
lower relative volatility values of the internal standards. The upper and lower limit of a
“property” group of three internal standards is taken to be the highest and lowest “property”
value of the internal standards. If there are more than three internal standards in a group, the
average of the upper two internal standards is taken as the upper limit and the average of the two
lower internal standards is taken as the lower limit.

The Example’s Relative-Volatility Limits of Relative-Volatility Groups

SMCReporter takes the natural logarithm of a compound’s relative volatility value and tests it
against the first RV-Group’s upper limit, In (3.83). If the value exceeds its range it tests the next
group’s upper limit, In (6.27). The next group has four internal standards so its upper limit is the
average of the two higher points, In (26) and In (32.5). This process is repeated until it finds a
RV-Group that has an upper range limit that exceeds the compound’s relative volatility and then
that group is used to determine the compound’s RVrecovery. If the natural logarithm of the
compound’s relative volatility exceeds the last group’s upper limit, the upper limit is used.

The lower and upper limits for relative-volatility values are presented in the relative volatility
display in the upper right hand corner (Figure 23) with the values 0.86-14999.

Racovery (bp corrected) vs. Ralative Volatility (Ln) - Relative Volatility ranga( 0.86 - 14999.00 )

Compound BP RYW  Meas., Recovery(%s) Slope Int. Emie
hexafluorobarzena 41,6 0.0 10827, 108.27 -2.250e-02 1.0589 0.83
fluorobernzens a5 3.5 103.83 |, 10247

1 4-difluaroberzens f8.5 3.83 10467, 103.44

1 4-diffuoroberzens an.5 3.83 10467 , 103.44 -2.265e-02 1.0E45 1.07
o-xylena-d10 143 6.14 10058, 10157

chlorobanzena-ds 12 B.27 10252 , 102.03

o-xylerne-d10 142 .14 100ss | 1057 4.8 a3 1.0144 0.78
chlorobanzena-ds 131 6.27 10252 , 103.03

1.2-dibromoathane-d4 121 28 10219, 10270

diethyl_ather-cd10 35 32.5 10324 | 103.24

1,2-dibromoathane-d4 131 26 10219, 10270 361302 0.9007 7.79
diethyl_athar-d10 36 328 10224 |, 103.24

tetrahydrofuran-ds 85 385 10283, 10283

acetone-13C &7 200 12047, 12017

tetrahydrofuran-c2 (2] 385 102832 , 10283 08921 -3.150e400 12,85
acetone-13C &7 00 12047, 12017

1 4-dicxane-da 101 5000 29323, 291.20

acetone-13C 57 00 12007, 12047 0.4738 -1.685e+00  81.73
1 4-dicxane-da 101 5000 29323, 291.20

pyricine-cls 115 18000 | 25295 |, 252.60

Figure 23: Relative-volatility internal standard groupings
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The Example’s Boiling-Point Limits of Boiling-Point Groups

SMCReporter records the upper and lower limits of the boiling point calculations (Figure 24).
Boiling-point recovery = 100% for compounds with boiling points below 85 °C and any
compound that has a boiling point value greater than the upper limit will only be corrected as if
its boiling point were at the upper limit (229 °C). These limits can be changed in SMCReporter
(in the surrogate file) but care should be taken as extrapolation that exceeds the default limits is
not as reliable.

Recovery vs. Boiling Point - (First Pass Rel Vol Corrections) -- | Boiling point rangel 85.00 - 229,00 )

Compound BP RYW  Meas. Recovery(e) Slope Int. Enma
pentafluorcbenzaena as 1.51 10590 , 10058 -2.964a-04 1.0470 1.48
toluena-da 111 4.28 10538 , 10149

bromobarzene-ds 155 7.93 1mes  , 981

bromoberzena-ds 155 7.93 1o18e  , 24 5E42a 14 00221 0.35
1.2-dichloroberzens-ck 181 a.03 nzez  , 9913

1.2 4-trichloroberzena-d3 213 7.88 10523, 10138

1,2 4-trichloroberzena-d3 213 7.88 10523, 10128 330000 0.3045 1.99
naphthalena-d2 217 18 10951, 105449

1-miethylnaphthalens-c1 0 241 20 neA7 , 111492

Figure 24: Boiling-point internal standard groupings

How SMCReporter Chooses a Group for Processing an Analyte

SMCReporter has an automated procedure for determining how an analyte or surrogate will be
processed for reporting. Having the selection process automated makes review or reproducing
results straightforward. SMCReporter follows a flowchart protocol for determining which
groups (boiling point and relative volatility) are appropriate for calculating the recovery of an
analyte. If the property has a value that is lower than the first group’s upper limit, the first group
is used in the calculation. If the analyte’s property is greater than the first group’s upper limit
then it is compared to the next group’s upper limit and so on until the first upper limit that
exceeds the property value is found. If the property is greater than the last group then the upper
limit of the highest group is substituted as the property value. If the property is lower than the
lowest group’s lower limit and the property is a boiling point, no loss of analyte relating to
boiling point is assumed so the recovery is 100 %. If the property is lower than the lowest
group’s lower limit and the property is relative volatility, the group’s lower limit is substituted as
the analyte’s relative volatility. SMCReporter does not extrapolate results but provides a
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conservative result instead. See Figure 25 for an illustration of the process for selecting the
appropriate group among three groups.

substitute upper
limit value for X

it X is greater

uppelrvalue

Highest Group

it X is greater
lower value
upper value

Second Group

if X isgreater
lower value

upperlvalue
Value X——= | Lowest Goup

lower value
if less

v

it X is relative volatility
then substitute lower
limit for X

it X is boiling point
then recoverny = 100%

Figure 25: Scheme for selecting the internal standard group that a value, x, will be processed

Surrogate Report

The last page of the analytical report is the surrogate report. Figure 4 presents the surrogate page
generated for the example. This page is generated to provide an assessment of how well an
analysis conformed to the predictions of the internal standard corrections.

Known amounts of surrogate compounds are added to each sample and standard. The
experimental recovery of the surrogates is determined the same as for the internal standards. The
internal standard predicted recovery of each surrogate compound is also calculated. Ideally the
experimental recovery and the internal-standard predicted recovery are the same. How far the
experimental recovery differs from the internal-standard predicted recovery is called ‘recovery’
in the surrogate report and is an estimate how accurate the method performed for a given
analysis.
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There are three types of surrogates that are used, volatile, non-purgeable, and semi-volatile.
These classifications are based upon their chemical properties and make review of surrogate
results easier to interpret. The demarcations between the groups in the example are the default
values and can be changed in the internal standards file. Note: The limits to define a type are
variables that can be changed in SMCReporter (File->Edit Surrogate File -> Surrogate Ranges).

Volatile Compound Surrogates

The volatile compounds are interpreted to be those compounds with boiling points less than 159
°C (see Figure 26) and have a relative volatility value of less than 100. These compounds
collectively represent the analytes that fit within these criteria.

Volatile Compound Surrogates(boiling point<159)
Compaound BP RWW Meas. E.P.Predict/am R.V.Pradicterr Total Pradict'arr Racovery/err
mathylens_chlaride-d2 40 11.10 a6 100.0 0.0 102.5 0.8 102.5 0.8 454 0.6
berzens-dé 79 3.92 106.5 100.0 0.0 103.4 1.1 103.4 1.1 103.0 1.1
1, 2-dichloropropana-dé 95 11.00 100.6 10049 1.5 102.5 0.8 103.5 1.7 97.2 1.6
1,1,2-trichloroethane-d2 1z 26.60 103.4 1003 1.5 1029 0.8 103.2 1.7 100.1 1.6
4-bromoflucroberzensa 152 8.05 101.6 98.7 1.5 102.4 0.8 101.0 1.7 100.6 1.7
Group Avarages 7.3 1.3

Figure 26: Volatile compound surrogates

Non-Purgeable Compound Surrogates

Volatile compounds (boiling points < 159 °C) that have a strong affinity for water are called
“non-purgeable” volatile compounds. RCRA methods manual, SW-846 uses the term “non-
purgeable” to describe those volatile compounds that have a strong affinity for water.
SMCReporter uses a default of relative volatility greater than 100 as the demarcation between
“volatile” and “non-purgeable volatile” (see Figure 27). This value can be changed in the event
that a different value is desired.
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Maon-Purgeable Volatile Compound Surrogates|mv= 100)

Compound BP RvVW Meas. E.P.Pradict'am R.V.Predict'err Total Predict'arr Recoveary/err
nitrarmathane-13C 101 510.00 108.8 100.7 1.5 119.5 13.9 120.3 14.1 0.4 10.8
athylacatate- 135 v 150.00 103.3 100.0 0.0 1082 7.8 1082 7.8 955 6.9
pyridine-cls 115 15000.00 2530 1001 1.5 207.2 B1.7 2076 B2.0 an.0 19.0
Group Averages 91.2 12.1

Figure 27: Non-purgeable compound surrogates

Semi-Volatile Compound Surrogates

Method 8261 includes additional compounds that are not always considered “volatile”. These
compounds are also analyzed by other means after a solvent extraction procedure. SMCReporter
categorizes these compounds as “semi-volatile” compounds and uses a boiling point of 159 °C
or greater as the indicator (Figure 28). This surrogate grouping also includes compounds that are
quite water soluble (nitrobenzene-ds, acetophenone-dg) and so that a review of this data needs to
recognize the disparity in chemical properties.

Semi-Volatile Compound Surmrogatasiboiling point-=159)

Compound BP RWW Meas. E.P.Predict/em R.V.Pradict'arr Total Pradict'err Racovery/err

decaflucrobiphanyl 2086 3.03 1105 100.8 04 103.4 0.8 104.3 0.9 106.0 0.9

nitroberzens-ds 210 87.50 6.9 101.1 0.4 106.2 7.8 107.3 7.9 108.9 8.0

acetophanone-da 202 161.00 141.2 1008 04 108.4 7.8 109.1 7.8 129.4 9.3

naphthalene-da 217 18.00 109.5 104.0 20 102.8 0.8 106.9 22 102.5 2.1
Group Averages 1.7 5.1
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Figure 28: Semi-volatile compound surrogates
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Review Surrogate Results

The data presented in the Surrogate report can be reproduced from the information in the internal
standard report, the raw data file (to get a surrogate’s experimental recovery) and the calibration
curve (to get expected response of the surrogate). The three sections (volatile, non-purgeable,
and semi-volatile) are determined in the same manor so we will discuss how the reproduce the
volatile surrogate results. The volatile compound section of the surrogate report shown in Figure
29 shows the chemical properties of the surrogates as well as the experimentally measured
recovery under the “Meas.” column. The “Meas.” column contains the experimental recovery
data as discussed in the Internal Standard Report section.

Surrogate Predicted Recoveries

We can easily verify these calculations by looking at the surrogate’s chemical properties and
then interpolating from the expected recoveries from the internal standard solutions from the
internal standard report.

Yolatile Cornpound Surragates (boiling point<159)
Compound BP RvW Meas. E.P.Predict/emr R.W.Predict'err Total Predict'arr Recovery/arr
mathylene_chloride-d2 40 11.10 arE 1000 0.0 102.5 0.8 102.5 0.2 454 0.6
barzane-clé 79 3,02 106.5 100.0 0.0 1034 1.1 1034 1.1 103.0 1.1
1.2-dichloropropansa-dé a5 11.00 1006 1009 1.5 102.5 0.8 103.5 1.7 97.2 1.6
1,1,2-trichlo roethane-d3 112 26,60 1034 100.3 1.5 1029 0.8 103.2 1.7 100.1 1.6
4-bromoflucroberzens 182 8.05 1016 aa.7 1.5 1024 0.8 101.0 1.7 100.6 1.7
Group Averages ar.2 1.3

Figure 29: Internal standard derived recoveries

Example 7: We will verify the predicted results for benzene-ds. Benzene-d6 has a boiling point of 79 °C
which is below the lower limit of the boiling-point range (85 °C) and so 100% is the expected recovery
relating to boiling point. Benzene-dg has a relative volatility of 3.92 which puts it in the range of the
second relative volatility group (3.83 to 6.27). Solving the second group equation for the natural logarithm
of 3.92 provides

predicted recovery =In(3.92) x -.02265 + 1.0645 =1.0336 =103.36 %
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Note: SMCReporter does not round numbers in calculations, only in displaying values. To always
match exactly the SMCReporter value we need to use more significant numbers than shown in the
internal standard report to get the same recovery.

Example 8: We will verify the predicted results for 4-bromofluorobenzene. First the predicted
recovery based on its boiling point (152 °C) is determined using the first boiling point group
equation (boiling points between 85 and 155 °C).

Boiling-point recovery = 152 x -3.964 x 10 + 1.0470 =0.9867 = 98.7%

The relative volatility of 4-bromofluorobenzene is greater than the upper limit of the second group
(6.27) and is less than the upper limit of the third group (e %™ @®*" 25 = 98 93).  Therefore the
third relative volatility group is used for the calculation.

Relative-volatility recovery = In (8.05) x 0.004601 +1.0144 = 1.024 = 102.4%
The total predicted recovery (boiling-point recovery x relative-volatility recovery) is
Total predicted recovery = 0.987 x 1.024 = 1.0106 = 101.1%

Note: If you carried more significant numbers the total would be 1.0104 =101.0 as in Figure
29.

The error term for the total predicted recovery is calculated by propagating errors. The formula
for this calculation is

Total error = total predicted recovery x ((boiling-point error + boiling-point recovery) > +
(relative-volatility error + relative-volatility recovery) ?) %°

Imputing the example values the equation becomes

Total error =1.010 x ((.015 + 0.987)% + (.008 + 1.024)%)%° = .017 = 1.7%

Surrogate Recoveries

Surrogate data is reported to provide insight as to how the method including the internal standard
data processing, have performed. In keeping with the RCRA format, surrogate data is
interpreted as a “recovery” which is the experimentally measured amount divided by the amount
expected to be seen. In method 8261, this assessment is performed as the comparison to the
experimentally measured surrogate to its predicted recovery. The closer these values are to each
other the more accurate the determination of the surrogate compound.

The surrogate recovery data are displayed by surrogate compound and average their class. The

volatile compound classification (boiling point < 159 °C and relative volatility < 100) is seen in
Figure 28. Each surrogate recovery is presented with its associated error term. The average of

all of the surrogate recoveries is also presented with the average deviation.
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Example 9: What is the surrogate recovery for 4-bromofluorobenzene? From the previous
example we found the recovery predicted by the internal standards to be 101.0 +1.7. The
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surrogate recovery is the experimentally measured recovery + the internal standard predicted
recovery. The surrogate recovery for 4-bromofluorobenzene is calculated as

Surrogate recovery = 1.016 + 1.010 = 1.006 =100.6%

The associated error term is .017 + 1.010 x 1.006 = .017 = 1.7% as shown in Figure 30.

Wolatile Compound Surrogates(boiling point=159)
Compound BP RVW Maas. E.P.Pradict'am R.W.Predicterr Total Predict'arr Racovery/arr
mathylena_chloride-cl2 40 1.10 a7 1000 0.0 102.5 0n.e 102.5 0. 854 0.6
barzens-cé 79 302 106.5 1000 0.0 1034 1.1 1034 1.1 103.0 1.1
1.2-dichloropropane-dé a5 11.00 100.6 1009 1.5 102.5 0n.e 103.5 1.7 avz2 1.6
1,1, 2-trichloroathane-d3 112 26.60 1034 1003 1.5 1029 0a 103.2 1.7 100.1 1.6
4-bromofluorobenzens 182 2.05 101.6 o987 1.5 1024 0n.e 101.0 1.7 100.6 1.7
Group Avarages 97.3 1.3

Figure 30: Volatile surrogate recovery data

Quantitation Report

The quantitation report contains the analyte results processed by SMCReporter. The report has a
header (Figure 31) that lists sources of data, selected options, and sample information. The
analyte section lists results, confidence intervals, and the recovery predicted by the internal

standards.
Quantitation Curve Repart - Lingar: BP — Ln: RVW - Varsion 4.0 Page: 1
File ldentification: CASMCREPORTER\CLFt4050604.txt Calibration File: CASMCREPORTERMCLPVC 040506, CAL
Procass Date: 04/ 26/2006 08:37 Compound Library File: CASMCREPORTERMCLPVCLPLIBRARY.TXT
Acquisition Date: 4/ /2006 12:41 Sumrogate Groups: CASMCREPORTERMCLPVCLPISTDS.INI
Sample Size: 5
Sample Type:
Comment:
Sample ID:
Lab Sampla ID: SuListds + 1 uL 1:10 Instrument 1D: GE/MS Ins
Lab File ID: 4050604.D
Cualifier: X - Compound datactad at less than LOQ Y - Compound excesds HOOQ

Figure 31: Quantitation report header
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Quantitation Report Header

The left side of the header posts the sample information (Figure 32). The top row identifies the
pathway and SMCReporter format file containing raw data that was processed by SMCReporter.
The Process Date on the next line identifies when the Quantitation Report was generated. The
third line identifies the date the raw data file was created. The fourth line is for the sample size
used and this amount was used to calculate concentrations. The next three lines are for user
inputs. The Lab File ID is the raw data file that was used to generate the SMCReporter format
file.

Quantitation Curve Report - Linear: BP — Ln: RVW - Version 4.0 Page: 1
File Identification: CASMCREPORTER\VCLP 4050604, tat Calibration File: CASMCREPORTER\CLPWCO40508.CAL
Procass Date: 04/ 26/2006 08:37 Compound Library File: CASMCREPORTER\CLPWCLPLIBRARY. TXT
Acquisition Date: 4/ 52006 12:41 Surrogate Groups: CASMCREPORTERVCLPCLRISTDS.INI
Sample Size: 5
Sample Type:
Commeant:
Sample 1D
Lak Sample ID: Sulistds + 1 ul 1:10 Instrument 10:; GCIMS Ins
Lab File 1D: 4050604.D
Qualifier; X - Compound detected at less than LOO Y - Compound exceeds HOO

Figure 32: Quantitation report sample information

The right-hand side of the header presents the calibration, library and internal standard files and
their pathways (Figure 33). These files were used to process the report and these are also
presented in the Internal Standard and Surrogate reports.

Quantitation Curve Report - Lingar: BP — Ln: BVW - Version 4.0
File Identification: CASMCREPORTER\CLP 4050604, txt Calibration File: CASMCREPORTER\CLPCO40508. CAL
Process Date: 04/26/2006 08:37 Compound Library File: CiSMCREPORTER\CLAWCLPLIBRARY. TXT
Acquisiton Date: 4/ 5/2006 12:41 Surrogate Groups: CASMCREPORTER\CLPCLPISTDS. INI
Sample Size: B
Sample Type:
Camrmerit:
Sample ID:
Lab Sample |D: SuListds + 1 ul 1:10 Instrument ID: GCIMS Ins
Lab File 1D: 4050604.D
Qualifier; X - Compound detected at less than LOO Y - Compound exceads HOO

Page: 1

Figure 33: Files used in quantitation of sample file

The center of the top line identifies if chemical properties were treated as a value or the natural
log of a value (Figure 34). These options exist in SMCReporter for unique applications. At the
bottom left is a list of active qualifiers.

The Y’ qualifier identifies when amount of an analyte detected by the GC/MS exceeded the
upper limit of the calibration curve (Figure 34). This is a warning the value may not be reliable.
The upper limit for an analyte is defined as its calibration curve average response factor times its
highest mass standard in the curve. The ‘X’ qualifier is for the instance where the analyte was
detected below the lower limit of the calibration curve. The lower limit for an analyte is defined
as its calibration curve average response factor times its lowest standard mass in the curve.
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Quartitation Curve Beport - Linear: BF - Ln: BVW - Version 4.0 Paga: 1
File Identification: CASMCREPORTER\CLP 4050604, tt Calibration File: CASMCREPORTER\CLPAVC 040508, CAL
Procass Date: 04/ 26/2006 08:37 Compound Library File: CASMCREPORTER\CLP\CLPLIBRARY . TXT
Acquisition Data: 4/ 52006 12:41 Surregate Groups: CASMCREPORTER\CLPVCLPISTDS.INI
Sample Size: B
Sample Type:
Comrmant:
Sample ID;
Laly Sampla ID: SuListds + 1 ul 1:10 Instrumeant 1D GCIMS Ins
Lab File 1D: 4050604.0
Qualifier: X - Compound detected at less than LOG Y - Compound exceeads HOO

Figure 34: Result qualifiers

Compound Quantitation Results

The analyte list and results are presented in the quantitation report (Figure 35). How this data is
determined depends on how the report was defined during the data processing. This example
includes propagation of calibration errors (highlighted in Figure 35). The quantitation report
presents the analytes, their measured concentration (with error), and their recovery (with error)
determined from the internal standards.

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

37




The Errar tenn includes propagated calibarion emor
Carnpound ngy mlL Emor O Recovary xDeviation
30:  dichlorediflucromethans 0.833 01 106.23 + (.83
31 chloromethans 0.092 + 0.0E3 10512 + 0.03
3z winylchlorida 0,807 *+ 0.147 106.23 + (.83
33:  bromomethans 0.825 + 0,138 104.54 + 0.63
34:  chlorocathana 1.12 + 0.203 10587 * (.83
38 trchlorcflucromethans 0.a12 + 0.050 10822 + 0.63
38 diethyl_ather 2.56 * 0.528 102.90 + 779
av 11, 2-trichloro-1,2, 2-trifluorcathans 0.985 + 0.041 106.22 + 0.83
38 acetone 4.2 + 383 X 130.82 + 1385
39:  1,1-dichloroathens 0,859 * 0087 X 106.22 + (.83
40:  ioclomethana 2.03 + 0,151 104.02 + (.83
41:  allylchloride 117 * 015 105.22 + (.83
42 acetonitrila 3.ar7 + 0.578 124. 11 + 13,08
43:  methyl_acetate 1.22 .22 109.52 7.7
44:  carbon_disuffide 0.892 + 0.099 106,22 + (.83
45.  methylene_chloridea 1.64 + 0168 x 102.50 + 0.7
48 MTEBE 0.989 + 0,108 10277 + 7.79
47, acrylonifrile 1.77 + 0.1e4 102842 + 7.7
48:  trans-1,2-dichloroathans 0.839 + 0.099 104.02 + 0.03

Figure 35: Analyte results

Running SMCReporter V4.0 and the presentation, “Creating the Calibration Curve and
Generating Method 8261 Quantitation Reports through SMCReporter V4.0” provides the
information necessary to reproduce the quantitation results for each analyte (available at
http://www.epa.gov/nerlesd1/chemistry/vacuum/methods/software.htm#calibration).We can
reproduce all of the data shown in the quantitation report by looking at the library for each
analyte’s relative volatility and boiling point (Figure 36), the internal standard report for
determining recovery of each analyte (Figure 3), looking at the calibration curve for response
factor and calibration error (Figure 38), and looking at the raw data for each compound’s
response (Figure 37).
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L Update Libraray (C:\SMCREPORTERMCLPACLPLibrary.txt)

Library |E:\SMEFEEF'DHTEH\ELF’\ELF’LIBH;’-‘«HY.TXT Compound # |45 chlorobenzene-ds Y
o-sylene-d10
Compord Marne |MTEE <-Previous Mewut-» ‘ ;;E:ﬁ;ﬂ;;:,?;éﬁgznﬁzene

CAS Registy Mo, |-| E24-04-4 1,2-d||:h|nr0|_:uenzene-d4
decafluorabiphenyl
nitrobenzene-db
acetophenone-ds
1.2, 4-trichlorobenzene-d3
Delete Compound | Add Compound [&bove] naphthalene-da
1-methylnaphthalene-d10
dichlorodifluoromethane
|2ED chloramethane
virglchlonde
bromamethane
conc.? |99 chloroethane
tichloroflucromethane
EF diethwl_ether
|55 conc. 3 |99 1.1,2-trichloro-1,2, 2-iflucroethane
acetang
canc. 4 |55 1.1-dichloroethene
iodomethane
allylchloride

conc.5 |99 e
acetonitrile
compound category Internal Standard methy]_acetate
carbon_dizulfide

methEIene chioride
Arnilnmitrile hr

Save b Cancel Changes Fritt Exit | H elp ‘ Change Yariables

i |33'? conc. 1

Figure 36: Relative-volatility and boiling-point values for MTBE
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I 14050604.txt - Notepad M=1E3

File Edit Format  Wiew Help

DATA FILE - wWersion 4.0
04052008 17:11

1

GC/MS

COMFOUMD
diethyl_ether-dio
acetone-13C QL2263 7

methylene_chlaride-dz2
nitromethane-13C
hexatluorobenzene
tetrabydrofuran-ds
ethylacetate-13C
pentaftluorobenzene
benzene-de& 9530953
1,z-dichlaroethane-d4
fluorobenzene 2047750
1,4-difluocrobenzene
1,z-dichlaropropane-de

1,z-dibromoethane-d4
chlorobenzene-dc
o-xylene-dio S551203
4-bromofluorobenzene
bromobenzene-ds 4019470
1l,z-dichlorobenzene-d4
decaftluorabiphenyl
nitrobenzene-dt E95&877F
acetophenone-ds zZe05735

1-methylnaphthalene-dio0
dichlorodi fluaromethane
chloromethane 110545
vinylchlaride 36974
bromomethane 16536
chloroethane 23356
trichlarofluocromethane
diethyl_ether Fangz

1,1-dichlaroethene

iodomethane 3FF2l
allylchloride 23008
acetonitrile &7F506

methyl_acetate 135637
carbon_disulfide
methylene chloride
MTEE 109230 &.29&61
acrylanitrile Flese

£

1,4-dioxane-ds 2257636
toluene-ds F434917
pytidine-de 12215126

1,1,2-trichloroethane-d2

1,2,4-trichlorobenzene-d3
naphthalene-ds zs573002

Cihnxcaliburhdatah t40s0604 . maw

1202804 5. 4468666666666 F
L. F4BBlEREREEEET
1065506 &. 14635
1558360 F.1289
4266423 6.823]1606000066F
Q28335 F.EFE3IE3IIIIIZEZ
SE98e92 F.311983333333332
Le02e0z F.43L508
5.3612
1534258 &.31145
S.6605223233333232
GFEF1EF 8.7102333333333232
1353368 2.27708333333333
9.7101:
10.3591166666667

11.05885

23483581 11.6252686666666F
11e5338:2 12.37385
FGFIZEE 13 . 00GFEEEEEEEET
15.00573332333323232
IFE3607 16.754lebb000667
17. 12006660 GGEET
451le307 19,3543
2091475 19.3652333333333
21.21715832333232332
20.7177
L2L008e 22.11c4
22.382816EEEGEEET

15671432 23.8984333333333
29220 2.GELEE333333332
2.6151

3.948183333333323
4.7305833323333232
4. 36408600 006667
434592 L1304 EEEEEEEEES
L.51352333233332332

1,1,z-trichloro-1,2,2-trifluaroethane 41746 L.5E5353333333333
acetone 750713 L.7468lG666G6EGG)

27735 S.7Fl35233333333232
L.936325

G.0EZ01EEEEEEEET
L.9F388333333333
G.OF36E333333332

124724 &.14635

73456 6. le301666006667

G.3296833333333232

Figure 37: Integrated area for each compound from GC/MSD
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L Review Calibration g@g|

Compound Mumber: |45 Compound: |MTEE dichlorodiflucromethane ”~

chloromethane
. wirylchlonde

<'E“3“"':'L‘S| Newt-> | bromarmethane
chloroethane
tnchlorofluoromethane
diethul_ether
1.1, 2-trichloro-1.2.2-trifluoroet

] ] a-:etu:_une

Library File: |E:"~SMEHEF'EIFETEHKELF"\ELF'LIEH;’-‘«HY.TKT 1.1-dichloroethene

indormethane
. alylzhlaride

Surrogate File: |CASMCREPORTERACLPACLPISTDS.IMI anetonitile
methyl_acetate

Reference file |T4EIEEIEEI'I TwT carbon_dizulfide
methEIene chlorde

Calibration File: |I:EI4EIEEIE.E.¢.L he

Stdl Std2 Std3 Stdd Stdh

Standard File Name \TA0S0607.T  |T40S0606.T  |T4050605.T  |T4050604.7T || T4050609.T

Concentrations | | | | |

Recoveres [X] | | | | |

Recoven [Dewv.] | | | | |

frea | | | | |

Responze Factors | | | | |

Reszponze FactorDew.] | | | | |

Standard |nzluded [ [ [ [ [

Curve responze fachars Standard Levels Average Deviation % Deviation

Average | | | |

Frint Save As E xit | H elp |

[ DO MNAOT Include Surogate infarmation an Calibration report

[ DO MAT Print Surrogate Repart

Figure 38: Calibration data for MTBE

The information presented in Figures 36-38 and the Internal Standard Report (Figure 3)
accompanying in quantitation report (Figure 2) provides the information necessary to reproduce
the analytical results.
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Example 10: To reproduce the MTBE results the first step is to calculate the recovery of MTBE
using the Internal Standard Report. From Figure 37 we find the boiling point of MTBE is 55 °C
which is below the boiling point threshold (85 °C) for calculating boiling point recoveries with
internal standards and so the boiling point recovery for MTBE is determined to be 100%. The
relative volatility of MTBE is 33.7, which falls in the fourth relative volatility group (see Figure
24). Using the line described for group 4 the recovery relating to the relative volatility of MTBE
is

relative-volatility recovery = In (33.7) x .03613 + 0.9007 = 1.0277 = 102.77
The relative volatility error is .0779
And the error term is

total recovery error =1.0277 x ((0 + 1)* + (.0779 = 1.0277)3)** = .0779 = 7.79%

The raw data response for MTBE is 109230 (area) and the response factor for MTBE in the
calibration curve is 21498.987 area/ng. Therefore amount of MTBE in ngs detected by the
GC/MS is

109230 area +~ 21498.987 area/ng = 5.081ng
The response factor err is 7.805% and so the error associated with determining the amount of
MTBE seen by the GC/MS is

5.081 ng x 0.07805 = 0.397 ng
Note: The limit of quantitation is lowest mass in the calibration curve is the limit of quantitation
(LOQ) and equal 1.5 ng (the lowest standard amount for MTBE in Figure 39). Had the mass
detected by the GC/MS not been 5.081 and had been less than 1.5 ng, an *X” would have been
placed in the qualifier column (Q) for MTBE.

The final concentration of MTBE in the water takes into account the internal standard determined
recovery of MTBE and is
concentration =5.081 ng +5 mL + 1.0277 = 0.989 ng/mL
The error term is
Concentration error =0.989 x ((0.397 + 5.081)* + (.0779 + 1.0277)%)°° = .1076 =
0.108ng/mL

Reporting Limits

There is the option within the SMCReporter program to put reporting limits (as concentration) on
the results by compound. This is a convenient tool to prevent reporting values that are of no
interest to the data user. The reporting limits are saved as a file and referenced in each
quantitation report for documentation. The reporting limit files have an extension *.MDL’ to
identify their purpose. A reporting limit file can be used in two ways, the MDL option and the
CRQL option.

Reporting Limits-MDL Option

The “MDL’ reporting limit is one option that SMCReporter can use for reporting limits. There
are two types, the first is the “MDL’ option that uses the value in a *.mdl file as the lowest value
reported. Any concentration below that value (including zero) will be replaced by the reporting
limit with a qualifier. See Figure 39.
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‘Quentitalion Curde ASEOR - Lingar: BF — Lo BV - Version 4.0 Paga:i

Ale ldertifizaion:  CASMCREPORATER: Examplett40 50604 11 Calbralicn Fli: CASMCREPORTER EXAMPLE CALIBRATION.CAL
Process Data: QB S/E00E 0742 Compound Ubrarg Ale: CASMCREPCRATER EXAMPLECLPLIBRARY TXT
Acquisiion Dabte:  Q4A0E2006 17111 Surmogate Groups: CASMCREPCRTER EXAMPLECLPISTES.IMI
Sampla Sze: ]

water ML Rl C 4SMCREPCRATER. Example\Smi_low.midl
Reault + 0 Sigma

Sitd O 002 dilution Instrumeant 10: GOME
Lab Fike ID: 140 EE0L raw

Compound ng'mL Emor{1s) a
a0:  dchlradfucromethane HD1.00
31:  chioromethans HD1.00
32 vimylchionda MD1.00
32 bromomathans MD 1.00
34 chionathans 112 + 0.202
38 rehloreiucromsainan:s MD1.00
6. delny] atnar 2568 + 0.5z
7 1,1,2-Inchior-1,2,2-rinuorelnans MD1.00
e acatone .z + 363 X
32 1,1-dichiorsathnens MD1.00 X
40;  kcdomethane 2.3 + 08
41.  aliykhloride 1.17 + 01
42 acatoniria gz + 05T
42 matliyl acatale 1.2z + 0.2
44 carbon disulde MD 1.00
48, meliylens ohkonde 1.64 + 0188 X
i MTEE MD1.00

Figure 39: Reporting limits using MDL reporting option

Note that the selection of a reporting limit is identified in the sample header (Figure 39 top). The
file used to determine the limits by compound is also listed on the right side of the header. The
result for MTBE now differs from the report where no report limits were used (Figure 35) as the
reporting limit (1 ng/mL) is greater than the determined concentration (0.989 + 0.108). There is
a reporting option with the MDL-file limit in that an additional confidence that a value is below a
reporting limit can be added. With this option the result plus error value can be combined to test
if the result should be reported.
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Quantitalion Curve Report - Lingar: BF — Ln: RV - Verslon 4.0 Paga: i
Flle lgartifization;  CASMCGREPCATER EXamplei 40 50804, 1 Calbralicn Fli; CASMCGREPCRTER EXAMPLE CALIERATION.CAL
Process Data: OB 2006 08:24 Compound Ubrarg Fle: SASMCREPCATER EXAMPLE CLPLIBRARY TXT
Acquisition Date:  D4A06/2006 1711 Surragate Groups: CASMCREPCRTER EXAMPLE CLPISTES NI
Sampla SZe: 5
Sampla Typa: walar MOL File: CASMCREPCRTER: ExampleiSml_ow.mdl
KDL Limit: Result + 1 Sgma
Commeant:
Sampla 10
Lab Sample 10: Sd O 0.02 dilubion Instrumeanit I0: GLME
Leb Flle 10: 140 E0E 04 raw

Compound ng'mL Emor|is) a
. dchiradfiucromethane WD 1.00
: chloromathans WO 1.00
. wimylchionds MO 1.00
. bromometnans MO 1.00
. chloneinans 1.12 + 0.202
. Iriehlcroiucromsinans MO 1.00
o delhyl sther 2.56 a5 | ||m e T
© 14, 2nchkaro-1, 2 2-rifuoroedhane 0.886 + 0.04
. acatone .z + 3.63 X
: 1 1-dichlorasthens WO 1.00 X
. kdomehane 2.m + 01E
T allykniorids 1.17 + 0185
. acatoninls .82 + 0571
T malTyl aoatale 1.22 + 0228
. carban disulfde WD 1.00
. __meltylena chicride 1.64 + 0168 X
:__MTEE 0.808 + 0108

=

Figure 40: Reporting limits using MDL reporting option with one sigma confidence

Figure 40 demonstrates the quantitation report when one sigma confidence is used to determine
reporting limits. Note the one sigma option is identified in the header (left side). The reported
value for MTBE is no longer the ‘ND 1.00” as seen in Figure 40 but is now 0.989 + 0.108 as the
concentration plus error value exceed the MDL value of 1.

Reporting Limits-CRQL Option

The second kind of reporting limit supports Superfund’s Contract Laboratory Program (CLP).
With this style of reporting limits the reports are consistent with the CLP reporting requirements.
When this kind of reporting is used it is noted in the quantitation header (right hand side Figure
42). Also the use of different qualifiers is identified in the lower left-hand side of the header.
With this style of reporting a ‘U’ replaces the ‘not detected” (ND) and is entered in the qualifier
column.

There is an option with SMCReporter to report concentrations lower than the normal CRQL
limit. This option is for all compounds to be reported as a percentage of the CRQL limit
percentage is identified in the header (middle of right side). Anytime an analyte is detected
between the normal CRQL and the “optional’ lower limit, a ‘J” qualifier signifies the occurrence.
For instance the MTBE concentration in the example is below the CRQL of 1.0, but it is reported
as 0.9890 + 0.108 with a “J” qualifier (Figure 41).
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Quantitsticn Curee Aspot - Linsar: BP - Loz BV - Verslon 4.0 Page:1

Fle ldenbfization: CASMCREPCRTER Exampleti40S0604. 11 Calbralion Flie: CISMCREPCATEREXAMPLECGA LIBRATION.CAL

Process Cata: OEME2006 0867 Compound Ubrary FAle: CASMCREPORTER EXAMPLECLPLIEAARY TXT

Acouisiion Date: 0408200617111 Surmagate Groups: CASMCREPCATER: EXAMPLECLPISTES.INI

Sample Sze: 5

Sampla Typ=: walkar CRCL Fliex CASMCREPOATER: ExampleEml_low.mdl CRACGL Faclor- 50.00%,
Commant:

Sample 1D

Lab Sample 10 Sid D 002 dilution Instrumeant ID: GC/MS

Labi Flle 1D: 14050504 raw

Qualiner: X - Compound deleciad af lbes than LOC Y - Compound exoaeds HOC

Quainer: U - Compaund IS below © AL dateslion Imit

uaifer: E - Compeund concentraion sxcesds larges! concentratian of callbration slandards
Auginer: J - Compound Sonsaniralon == CRAL IReAnd the CRGL fachor

Compound ng'mL Emor Q
a0 dchirodiucomelhans 0.832 + 01F J
. chioomatnans 0.8z + 0.082 J
a2 winylchionda 0.807 + 014 o
33 bromomathans 0.828 + 0.13e oJ
34; chioathans 1.12 + 0.202
3E mizhlorefucromsnans o.ez + 0.080 J
36 delhyl ather 2.5 + Q.528
ar. 1,1, 2-nchiarg-1,2,2-riluaroeihans 0.886 + 0.041 o
38 acatone 34.2 + 363 X
32 1,1-dichiorathens 0,859 + 0.087 S
40 lcdomethane 2.3 + 216
41:  aliylzhioride 1.17 + 01
4z acatoniris 3.8z + 057
42 malyl acatale 1.2z + 0.2
44:  carcon disulide 0892 + 0.0ag oJ
48 meliylena chicride 1.64 + Q.18 X
48  MTEE 0.088 + 0,108 J
477 ecryloniinle 177 +01ed
4 fmans-1,2-dichioreetnans 0538 + 0.0ag J
48 1 ,1-dichiorasthans 0.844 + 0.046 J
50; 2. 2dichiorofopans 10,654 + 0,184 o
51:  propioninie U5.00 u

o

Figure 41: Reporting limits using CRQL reporting option with 50% threshold

Summary

The analytical reports generated by SMCReporter incorporate internal standard determined
recoveries that reflect analyte boiling point and relative volatilities. All of the data used to
generate the report is identified or there is a link to where the data would be found (such as
calibration curve data). Options that an analyst can use will be identified in the report when
selected and can be verified by tracking the data process.
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