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Part A
GENERAL APPLICABILITY AND REQUIREMENTS

These test procedures shall apply to all 1993 and subsequent model-year transitional
low-emission vehicles (TLEV), low-emission vehicles (LEV), and ultralow-emission
vehicles (ULEV) certifying to non-methane organic gas (NMOG) emission standards.

This document sets forth the analysis and cal culation procedures that shall be performed to
determine NMOG mass emissions. The document consists of the following parts:

A. Genera Applicability and Requirements

B. Determination of Non-Methane Hydrocarbon Mass Emissions by Flame lonization
Detection

C. Determination of Alcoholsin Automotive Source Samples by Gas
Chromatography (Method No. 1001)

D. Determination of C, to C; Hydrocarbons in Automotive Source Samples by Gas
Chromatography (Method No. 1002)

E. Determination of C, to C,, Hydrocarbons in Automotive Source Samples by Gas
Chromatography (Method No. 1003)

F. Determination of Aldehyde and Ketone Compounds in Automotive Source
Samples by High Performance Liquid Chromatography (Method No. 1004).

G. Determination of NMOG Mass Emissions

Appendix 1 List of Light-End and Mid-Range Hydrocarbons
Appendix 2 Definitions and Commonly Used Abbreviations
Appendix 3  References

Alternative procedures may be used if shown to yield equivalent results and if approved in
advance by the Executive Officer of the Air Resources Board.

The analyses specified in the table below shall be performed to determine mass emission
rates of NMOG in grams per mile (g/mi) or milligrams per mile (mg/mi) for vehicles
operated on the listed fuel:

Fuel NMHC by FID NMHC by GC Alcohols Carbonyls
Alcohol X X X
CNG X X
Diesel X
Gasoline X
LPG X
As Amended 8/5/99
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The specified analyses shall be performed in accordance with the following parts of this
document:

NMHC by FID-- Part B. Determination of Non-Methane Hydrocarbon Mass
Emissions by Flame lonization Detection
NMHC by GC-- Part D. Determination of C, to C; Hydrocarbons in Automotive
Source Samples by Gas Chromatography (Method No.
1002); and
Part E. Determination of C, to C,, Hydrocarbonsin

Automotive Source Samples by Gas
Chromatography (Method No. 1003)
CARBONYLS- Part F. Determination of Aldehyde and Ketone Compoundsin
Automotive Source Samples by High Performance Liquid
Chromatography (Method No. 1004)
ALCOHOLS -- Part C. Determination of Alcoholsin Automotive Source Samples
by Gas Chromatography (Method No. 1001)

4, For those manufacturers which choose to develop reactivity adjustment factors unique to a
specific engine family, exhaust NMOG emissions shall be fully speciated. NMHC
emissions shall be analyzed in accordance with parts D and E (Method Nos. 1002 and
1003). In addition, aldehydes and ketones, alcohols, and ethers shall be analyzed
according to parts F, C, and E (Method Nos. 1004, 1001, and 1003). Analysisfor
alcohols shall be required only for vehicles which are operated on fuels containing
alcohals.

5. For natural gas-fueled vehicles, the methane concentration in the exhaust sample shall be
measured with a methane analyzer. A GC combined with aFID isused for direct
measurement of methane concentrations. SAE Recommended Practice J1151 isa
reference on generally accepted GC principles and analytical techniques for this
application. A density of 18.89 g/ft® shall be used to determine the methane mass
emissions. The methane mass emissions shall be multiplied by the appropriate methane
reactivity adjustment factor and then added to the reactivity-adjusted NMOG emissions as
specified in "California Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles."

6. The mass of NMOG emissions shall be calculated in accordance with part G,
"Determination of NMOG Mass Emissions'. The mass of NMOG emissionsin g/mile or
mg/mile shall be calculated by summing the mass of NMHC determined by the FID, the
mass of aldehydes and ketones, and the mass of alcohols.

As Amended 8/5/99
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PART B

DETERMINATION OF NON-METHANE HYDROCARBON MASS EMISSIONS

BY FLAME IONIZATION DETECTION

INTRODUCTION

This procedure describes a method for determining NMHC exhaust mass emissions from
motor vehicles. Other applicable forms of instrumentation and analytical techniques which
prove to yield equivalent results to those specified in this procedure may be used subject
to the approval of the Executive Officer of the Air Resources Board.

All definitions and abbreviations are contained in Appendix 2 of these test procedures.
TOTAL HYDROCARBON MEASUREMENT

A FID is used to measure total hydrocarbon concentration in vehicle exhaust in
accordance with the Code of Federal RegulationgRef.1]. SAE Recommended Practices
J254[Ref. 2] and J10944[Ref. 3] are references on generally accepted gas analysis and
constant volume sampling techniques. For Beckman 400 FIDs only, implementation of
the recommendations outlined in SAE paper 770141[Ref. 4] shall be required. Other FID
anayzer models shall be checked and adjusted, if necessary, to minimize any
non-uniformity of relative response to different hydrocarbons.

METHANE MEASUREMENT

A GC combined with aFID constitute a methane analyzer and shall be used for direct
measurement of methane concentrations. The SAE Recommended Practice J1151[Ref. 5]
is areference on generaly accepted GC principles and analytical techniques for this

specific application.
TOTAL HC FID RESPONSE TO METHANE

The FID is calibrated to propane and therefore tends to over respond to the methane
portion of the vehicle exhaust sample during hydrocarbon analysis. In order to calculate
the NMHC concentration, a methane response factor must be applied to the methane
concentration (as measured by the methane analyzer) before it can be deducted from the
total hydrocarbon concentration. To determine the total hydrocarbon FID response to
methane, known methane in air concentrations traceable to NIST shall be analyzed by the
FID. Severa methane concentrations shall be analyzed by the FID in the range of the
exhaust sample concentration. The total hydrocarbon FID response to methaneis
calculated as follows:

As Amended 8/5/99
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I
CH,

Fl Dppm/SA M ppm

where:
lew, = FID methane response factor.
FIDom = FID reading in ppmC.
SAM, = the known methane concentration in ppmC.

The FID response to methane shall be checked at each calibration interval.

5. NMHC MASSEMISSION PER TEST PHASE

5.1  Thefollowing caculations shall be used to determine the NMHC mass emissions for each
phase of the Federal Test Procedure: [Ref. 1].

5.2 Non-Alcohol Fueled Vehicles

521 NMHC, = FID THC, - (rey, * CH,,)
NOTE: If NMHC, |scalculatedtobelessthanzero then NMHC, =0.

522 NMHC, = FID THC, - (g, * CHy)
NOTE: If NMHC, is calculated to be less than zero, then NMHC, =0.

523 CO, = (1-(0.01+0.005* HCR) * CO,, - 0.000323* R,) * CO,,

NOTE:

If a CO instrument which meets the criteria specified in CFR 40, 86.111 is

used and the conditioning column has been deleted, CO,,, must be substituted
directly for CO..

a)
b)
0)

d)

As Amended 8/5/99
Board Hearing: 11/5/98

For gasoline, CH, g , where HCR = 1.85:

CO, =(1-0.01925* CO,, - 0.000323* R,) * CO,,
For Phase 2 gasoline, CH, 4, , where HCR = 1.94:

CO, =(1-0.01970* CO,, - 0.000323* R,) * CO,,
For LPG, CH ,,, where HCR = 2.64:

CO, =(1- 0.02320* CO,, -0.000323* R,) * CO,,
For CNG, CH, ., where HCR = 3.78:

CO, =(1-0.02890* CO,, -0.000323* R, * CO,,
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5.2.4 DF =

X
X+y[2+3.76 % (X+yl4-27/2)
CO,,+(NMHC_+CH,_+CO_) 10

100 =

(where fuel composition is C,H,0, as measured for the fuel used.)

a)

b)

0)

d)

For gasoline, CH, 5. , wherex =1,y =1.85, and z = 0:
DF = 13.47/[CO,, + (NMHC,+ CH,,+ CO,) * 10*]

For Phase 2 gasoline, CH, 4, , X =1,y =1.94 and z = 0.017:
DF =13.29/[CO,, + (NMHC,+ CH,,+ CO,) * 10*]

For LPG, CH ,,, ,wherex =1,y = 2.64,andz=0:
DF = 11.68/[CO,, + (NMHC, + CH,, +CO,) * 10*]

For CNG, CH; ., Wwherex =1,y = 3.78, and z = 0.016:
DF =9.83/[CO,, + (NMHC, +CH,, +CO,)* 10*]

5.3  Vehicles Operating on Fuels Containing M ethanol

531 NMHC,=FID THC, - (ry, * CHuo) - (guyon * CHOH,)
NOTE: If NMHC, |scalculatedtobelessthanzero then NMHC, =0.

5.3.2 NMHC, = FID THC, - (rgy, * CHag) - (g on * CHOH,)
NOTE: If NMHC, is calctlated to be less than zero, then NMHC, = 0.

533 CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40 86.111 is
used and the conditioning column has been deleted, CO,,,, must be substituted
directly for CO, .

a)

b)

5.34 DF

As Amended 8/5/99
Board Hearing: 11/5/98

For M100 (100% methanol), CH,OH, where HCR = 4:
CO, =(1-0.03000* CO,, -0.000323* R,) * CO,,

For M85 (85% methanol, 15% indolene), CH, ,, O, ,, , where
HCR = 3.41.

CO, = (1- 0.02705* CO,, - 0.000323 * R,) * CO,,

100 + ( X )
X+y[2+3.76 % (X+yl4-27/2)
CO,,+(NMHC_+CH,_+CO,_+CH,OH_+HCHO,) 10 ™*

B-3



5.4

5.5

6.1

As Amended 8/5/99

(where fuel composition is C,H,O, as measured for the fuel used.)

a) For M100 (100% methanol), CH,OH, wherex =1,y =4, and z= 1:
DF = 11.57/[CO,,+ (NMHC+ CH,, + CO,+ CH,OH,+ HCHO,) * 10*]

b) For M85 (85% methanol, 15% Indolene), CH; ,, O, , wherex =1,
y=341,andz=0.72
DF =12.02/[CO,, + (NMHC, + CH,, + CO,+ CH,OH,+ HCHO,) * 10*]

Vehicles Operating on Fuels Containing Ethanol

54.1

54.2

543

5.4.4

NMHC, = FID THC, - (rayy, * CHao) - (Te .0 * CHsOH))
NOTE: If NMHC, is calctilated to be less than zero, then NMHC, =0

NMHC, = FID THC, - (g, * CHag) - (e .on * C:HsOHy)
NOTE: If NMHC, is calctlated to be less than zero, then NMHC, = 0

CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used
and the conditioning column has been deleted, CO,,, must be substituted directly for CO, .
a) For E100 (100% ethanal), C,H.OH, where HCR = 3:

CO, =(1-0.02500* CO,, -0.000323* R,) * CO,,

100 * ( X )
X+y[2+3.76 % (X+yl4-2/2)
CO,,+(NMHC_+CH,_+CO,_+C,H.OH_+HCHO,) 10 ™*

DF =

(where fuel composition is C,H,O, as measured for the fuel used.)

a) For E100 (100% ethanol), C,H.OH, wherex =1,y =3, and z=0.5:
DF =12.29/[CO,, + (NMHC,+ CH,, + CO,+ C, H; OH,+ HCHO,) * 10*]

All Vehicles

5.5.1

5.5.2

NMHC,, = NMHC, - NMHC, * [1- (1/DF)]
NOTE: If NMHC,,,. iscaculated to be less than zero, then NMHC,. =0

NMHC, e = NMHCqpe * NMHC, * VMIX * 10°

TOTAL WEIGHTED NMHC MASSEMISSIONS

All Vehicles

Board Hearing: 11/5/98 B-4



6.1.1
NMHC, ., + NMHC
D + D

m$ﬂ +057*(

NMHCmmszMHCmmz)
phase 2

NMHC = 043
wm ' ( D +D

phase 1 phase 3 phase 2

1. SAMPLE CALCULATIONS

7.1  Giventhefollowing datafor a gasoline vehicle, calculate the weighted NMHC mass emission.

Test FID FID CH,e CHyg COqn CO, VMIX Dipasen R.
Phase THC, THC, (ppmC) (ppmC) (ppm) (%) (ft’) (mile) (%)
(ppmC) (ppmC)
1 41.8 8.6 7.53 5.27 147.2 1.19 2846 3.583 38
2 13.0 8.4 5.68 5.10 20.8 0.80 4856 3.848 38
3 15.4 8.9 6.16 5.20 36.7 1.04 2839 3.586 38
For Phase 1:
NMHC, =FID THC, - (rCH4 *CH,)
=41.8 ppmC - (1.04 * 7.53 ppmC)
= 33.97 ppmC
NMHC, =FID THC, - (rCH4 *CHy )
=8.6 ppmC - (1.04 * 5.27 ppmC)
=3.12 ppmC

CO, =(1-0.01925* CO,, -0.000323* R,)* CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used
and the conditioning column has been deleted, CO,,, must be substituted directly for CO, .

= (1- 0.01925 * 1.19% - 0.000323 * 38%) * 147.18 ppm

=142.0 ppm
DF = 1347+ [CO,, +(NMHC, +CH,, +CO,)* 101
DF = 13.47
1.19% + (33.97 ppmC + 7.53 ppmC + 142.0 ppmC) * 10*

= 11.15

NMHC,_,. = NMHC, - NMHC, * [1- (1 + DF)]
= 33.97 ppmC - 3.12 ppmC * [1- (1+11.15)]
= 31.13 ppmC

As Amended 8/5/99
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NMHC .., = NMHC_,. * NMHC,. * VMIX * 10°
= 31.13 ppmC * 16.33 g/ft® * 2846 ft* * 10°
NMHC, ., =145¢g
Similarly, for Phase 2: NMHC, . = 0339
and for Phase 3: NMHC, ;s = 027g
Therefore,
NMHC, - 043 » ( NMHC ___, + NMHCmZ) . 057 ( NMHC . + NMHC___
phase 1 + Dphasez Dphase3 + Dphasez
NMHC,, - 0.43 ( 1459 + 0339 ) + 057 ( 0279+ 0339
3.583 miles + 3.848 miles 3.586 miles + 3.848 miles

NMHC,,, = 0.15 g/mile

|

|

7.2  Giventhefollowing datafor a vehicle operating on 85% methanol and 15% gasoline (M 85),
calculate the weighted NMHC mass emission.
Test FID FID CH, CH,y CHOH. | CO,, CO,, VMIX | Dyen | Ra HCHO,
Phase | THC. | THCs | (ppme) | (Ppme) | (PPM) | (ppm) [ (%) (ft) (mile) | (%) (Ppm)
(ppmC) | (PPMC)
1 88.5 5.5 17.76 | 2.82 72.9 303.2 1.28 2832 3570 | 32 0.96
2 14.5 7.0 8.01 2.82 5.1 9.7 0.83 4827 3.850 | 32 0.10
3 21.8 7.7 1013 | 2.93 7.4 18.2 1.13 2825 3586 | 32 0.12

[For this example, CH,OH,, was assumed to be 0.0 ppmC for all three background bag samples.]

For Phase 1.
NMHC, = FID THC, - (e * CH,o) - (fen.on * CHsOH,)
= 88.5 ppmC - (1.04*17.76 ppmC) - (0.66* 72.9 ppmC)
= 21.92 ppmC
NM HCd = FID THCd = (rCH * CH4d) = (rCHgoH * CH3OHd)
= 5.5 ppmC - (1.04* 2.82 ppmC) -*(0.66* 0.0 ppmC)
= 2.57 ppmC
CO, = (1-0.02705* CO,, - 0.000323* R,) * CO,,

As Amended 8/5/99
Board Hearing: 11/5/98
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NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used
and the conditioning column has been deleted, CO,,, must be substituted directly for CO, .

(1- 0.02705 * 1.28% - 0.000323 * 32%) * 303.2 ppm

289.6 ppm
DF = 12.02+[CO,,+ (NMHC,+ CH,, + CO,+ CH,OH,+ HCHO,) * 109
= 12.02
1.28% + (21.92ppmC + 17.76ppmC + 289.6 ppmC + 72.9ppmC + 0.96ppm) * 10*
= 9.10
NMHC,,.. = NMHC, - NMHC, * [1- (1/DF)]
= 21.92 ppmC - 2.57 ppmC * [1 - (1/9.10)]
= 19.63 ppmC
NMHC, ., = NMHC,_,,. * NMHC,,, * VMIX * 10°
NMHC, ., = 091g
Smilarly, Phase2: NMHC,_ ., =009
and for Phase 3: NMHC, s =0.109g
Therefore,
( NMHC ___, + NMHCmZ) ( NMHC . + NMHCmZ)
NMHC, = 0.43 * + 0.57 *
phase 1 + Dphasez Dphase3 + Dphasez
NMHC,, - 0.43 ( 091g - 0009 ) + 057 ( 010g - 0009 )
3.570 miles + 3.850 miles 3.586 miles + 3.850 miles
NMHC,,, = 0.06 g/mile
As Amended 8/5/99
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Part C

DETERMINATION OF ALCOHOLS
INAUTOMOTIVE SOURCE SAMPLES
BY GASCHROMATOGRAPHY

METHOD NO. 1001

INTRODUCTION

This document describes a method of sampling and analyzing automotive exhaust for
alcoholsin the range of 8 to 1200 g per 15 mL of solution. The "target” acohols which
shall be analyzed and reported by this method are methanol and ethanol. These alcohoals,
when present in concentrations above the LOD, shall be reported.

This procedure is based on a method developed by the U. S. Environmental Protection
Agency, (U.S. EPA) [Ref 6] which involves flowing diluted engine exhaust through
deionized or purified water contained in glass impingers and analyzing this solution by gas
chromatography .

All definitions and abbreviations are contained in Appendix 2 of these test procedures.
METHOD SUMMARY

The samples are received by the laboratory in impingers. Compound separation and
analysis are performed using a GC. The sample isinjected into the GC by means of a
liquid autosampler. Separation of the sample mixture into its components is performed by
atemperature-programmed capillary column. A FID is used for alcohol detection and
quantification.

The computerized GC data system identifies the alcohol associated with each peak. The
alcohol concentrations are determined by integrating the peak areas and using response
factors determined from external standards.

INTERFERENCESAND LIMITATIONS

An interferent is any component present in the sample with aretention time similar to that
of any target alcohol described in this method. To reduce interference error, proof of
chemical identity may require periodic confirmations using an alternate method and/or
instrumentation, e.g., GC/MS.

The concentration of the alcohols in the range of interest is stable for up to six days as
long as the samples are sealed and refrigerated at a temperature below 40°F.

As Amended 8/5/99
Board Hearing; 11/5/98 C-1



4.1

5.1

5.2

5.3

54

INSTRUMENTATION AND APPARATUS

For each mode of the CV S test, two sampling impingers, each containing a known amount
of deionized or purified water (e.g. 15 mL for this procedure), are used to contain the
sample.

4.1.1 A temperature-programmable GC, equipped with a DB-Wax Megabore column
(30m, 0.53mm ID, 1.0 pfilm thickness) and FID, isused. Other columns may be
used, provided the alternate(s) can be demonstrated to be equivalent or better with
respect to precision, accuracy and resolution of all the target alcohols.

4.1.2 A liquid autosampler is required.

4.1.3 A PC-controlled data acquisition system for quantifying peak areasis required.

REAGENTSAND MATERIALS

Methanol shall have a purity of 99.9 percent, or be high performance liquid
chromatography grade, EM Science or equivalent.

Ethanol shall be absolute, ACS reagent grade.
ASTM Typel purified or Type Il deionized water shall be used.

A stock solution is prepared gravimetrically or volumetrically by diluting methanol and
ethanol with deionized or purified water, e.g., for this method the stock solution contains
approximately 10 mg/mL of each target alcohol.

5.4.1 A calibration standard within the expected concentration range of the samplesis
prepared by successive dilutions of the stock solution with deionized or purified
water, e.g., 50 pg/mL istypical.

5.4.2 A control standard containing all target alcohols is prepared by successive
dilutions of a stock solution different from that of Section 5.4.1. This standard, at
an approximate concentration of the samples, is used to monitor the precision of
the analysis of each target alcohol.

5.4.3 All standards should be refrigerated at a temperature below 40° F during storage.

As Amended 8/5/99
Board Hearing; 11/5/98 C-2



5.5

6.1

6.2

6.3

6.4

Gas requirements.

5.5.1 Airshal be"Zero" grade. "Ultra-zero" grade may be required to achieve the LOD
required by Section 8.8.

5.5.2 Nitrogen shal have a minimum purity of 99.998 percent.
5.5.3 Heium shal have a minimum purity of 99.995 percent.
5.5.4 Hydrogen shal have a minimum purity of 99.995 percent.
PROCEDURE

Each of the graduated sampling impingersisfilled with 15 mL of deionized or purified
water.

The impingers are placed in an ice bath during the sample collection.
After sampling, the solution contained in each impinger istransferred to avial and sealed.

6.3.1 Samplesshall berefrigerated at a temperature below 40°F if immediate analysisis
not feasible, or if reanalysis at alater date may be required.

One microliter aliquots of unmodified samples are injected via autosampler into a GC.
Suggested standard operating conditions for the GC are;;

Column: DB-Wax, 30 m, 0.53 mm ID, 1.0u film thickness

Carrier gas flow: Helium at 5 mL/min

Make-up gasflow:  Nitrogen at 25 mL/min

Detector: FID, Hhydrogen at 30 mL/min and Aair at 300 mL/min

Injector: Packed column injector with Megabore adapter insert; on-column
injection

Column temperature: 50°C (1 min), 50°C to 70°C (5°C/min), 70°C to 110°C
(15°C/min), 110°C (4 min)

Data system: PC-based data acquisition system

6.4.1 One calibration standard, one control standard, and one deionized or purified
water blank are analyzed daily at the beginning of each set of samples.

6.4.2 A replicate analysisis performed at least once per 24 hour period.

6.4.3 The control standard is analyzed at |east once per 24 hour period.

As Amended 8/5/99
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6.4.4 Samples containing compounds having concentrations above the documented
range of instrument linearity must be diluted and reanayzed.

6.4.5 The peak integrations are corrected as necessary in the data system. Any misplaced
baseline segments are corrected in the reconstructed chromatogram.

6.4.6 The peak identifications provided by the computer are checked and corrected if
necessary.

6.4.7 The target alcohol peaks at or above the LOD are reported (Section 8.8).
1. CALCULATIONS

7.1  The concentration of each target alcohol, in pg/mL, is determined by the following
calculation that compares the sample peak area with that of an external standard:

Concentration (Ug/ML) onye = PeaK Areag,,. X Response Factor
where the response factor (RF) is calculated during the calibration by:

Concentration g, ugmL
Peak A rea standard

RF =

7.2 Thisconcentration is then used to calculate the total amount of alcohol in each impinger:
Mass (pg) = Concentration (ug/mL) x Impinger volume (mL)

7.3  Aninterna standard method may aso be used.
8. QUALITY CONTROL

8.1  Cdibration and control standards are prepared at least every six months and analyzed
daly.

8.2 Blank Run - A deionized or purified water blank run is performed before running the
calibration standard. All target alcohol concentrations from the blank analysis must be
below the LOD before the analysis may proceed.

8.3  Cdlbration Run - One run of the calibration standard is performed daily to generate the
response factor needed for quantifying sample analyses.

84  Control Standard Run - One run of the quality control standard is performed after the
calibration run. Measurements of al target alcohols in the control standard must fall
within the control limits before sample analysis may proceed. To meet this requirement, it

As Amended 8/5/99
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8.5

8.6

may be necessary to inspect and repair the GC, and rerun the calibration and/or control
standards.

Control Charts - A quality control chart is maintained for each analyte in the control
standard . The control charts, used on adaily basis, establish that the method is"in-
control”. The following describes how to construct atypical control chart:

1. Obtain at least 20 daily control standard results;

2. Calculate the control standard mean concentration and standard deviation for the
target anayte; and

3. Create a control chart for the target anayte by placing the concentration on the
Y -axis and the date on the X-axis. Establishan upper and lower warning limits
antratowerwarnmhgtmit at either two standard deviations (2s) or 5 percent,
whichever is greater, above and below the average concentration. Establish an
upper and lower control limits and-atower-controHtmitt at either three standard
deviations (3s) or 5 percent, whichever is greater, above and below the average
concentration.

The measured concentrations of all target analytes contained in the control standard must
be within the control limits ("in-control™) for the sample results to be considered
acceptable. A control standard measurement is considered to be "out-of-control" when
the analyzed value exceeds the 3s control limit, or two successive control standard
measurements of the same analyte exceed the 2s warning limit.

Duplicates - A duplicate analysis of one sampleis performed at least once aday. The
relative percent difference (RPD) is calculated for each duplicate run:

RPD(%) = Difference between duplicate and original measurements x 100
Average of duplicate and original measurements

For each compound, the allowable RPD depends on the average concentration level for
the duplicate runs, as shown in the following table:

Average Measurement for Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 "o 30
20to 50 "o 20
Greater than 50 "o 15

If the results of the duplicate analyses do not meet these criteria for all target alcohols, the
sample must be reanalyzed. If the criteriaare still not met, all sample results for the day
from this instrument must be deleted and the samples reanayzed.

As Amended 8/5/99
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8.7  Linearity - A multipoint calibration to confirm instrument linearity is performed for all
target alcohols for new instruments, after making instrument modifications which can
affect linearity, and at least once every year. The multipoint calibration consists of at least
five concentration or mass loading levels, each above the LOD, distributed over the range
of expected sample concentration. Each concentration level is measured at least twice. A
linear regression analysis is performed using concentration and area counts to determine
the regression correlation coefficient (r). Ther must be greater than 0.995 to be
considered sufficiently linear for one point calibrations.

8.8  Limit of Detection - The LOD for the target alcohols must be determined for new
instruments, after making instrument modifications which can affect the LOD and at least
once every year. —T0 make the calculations, it is necessary to perform a multipoint
calibration consisting of at least four "low" concentration levels, each above the expected
LOD. A linear regression is performed on the data. The LOD must be calculated using
the following equation [Ref. 7]:

LOD = |b| + (tx9)

m

where |b| is the absolute value of the y-intercept, m is the slope of the linear regression,
sisthe standard deviation of at least five replicate determinations of the lowest
concentration standard, and t is the t-factor for 99 percent confidence for a one-sided
normal (Gaussian) distribution. The number of degrees of freedom is equal to the number
of replicates, minus one. An abbreviated t—tableis:

Degrees of Freedom t-value
4 3.7
5 34
6 3.1
7 3.0

The lowest standard must be of a concentration of one to five times the estimated LOD.

8.8.1 The maximum allowable LOD for each alcohal is 0.50 ug/mL. The calculated
laboratory LOD must be equal to or lower than the maximum allowable LOD. All
peaks identified as target compounds that are equal to or exceed the maximum
allowable LOD must be reported. If the calculated laboratory LOD is less than the
maximum allowable LOD, the laboratory may choose to set its reporting limit at
etther the maximum allowable LOD, et the calculated laboratory LOD, or any
level in between.

8.8.2. For the purpose of calculating the total mass of al species, the concentrations of
the compounds below the LOD are considered to be zero.
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Part D

DETERMINATION OF C, TO Cs HYDROCARBONS
INAUTOMOTIVE SOURCE SAMPLESBY GASCHROMATOGRAPHY

METHOD NO. 1002
INTRODUCTION

This document describes a method of analyzing, by gas chromatography, C, to C,
hydrocarbons (light-end hydrocarbons) in the range of ppbC from automotive source
samples. This method does not include sample collection procedures [Ref. 8]. The
"target”" hydrocarbons which shall be analyzed and reported by this method and Method
1003 are listed in Appendix 1. All compounds on this list, when present in concentrations
above the LOD, shall be measured and reported ("targeted") by either Method 1002 or
Method 1003. Each laboratory should divide the list into light-end (Method 1002) and
mid-range (Method 1003) hydrocarbons in the manner which best suits the laboratory
instrumentation. All compounds on the list not targeted by Method 1002 must be targeted
by Method 1003.

All definitions and abbreviations are contained in Appendix 2 of these test procedures.
METHOD SUMMARY
Thisis amethod intended for routine analysis.

The samples are received by the laboratory in Tedlar bags, which are sub-sampled into a
GC for separation and analysis.

The gas chromatographic analysis is performed on apacked-cottmt-operatedsothermatty
a-35°€;-or an Alumina (Al,0;) PLOT column temperature programmed from O°C to

200°C. An FID isused for detection and quantification.

The sampleisinjected into the GC by means of gas sampling valves. Separation of the
sample hydrocarbon mixture into its components takes place in the chromatographic
column. The chromatographic column and the corresponding operating parameters
described in this method normally provide complete resolution of most target compounds.

The computerized GC data acquisition system identifies the hydrocarbons associated with
each peak. The hydrocarbon concentrations are determined by integrating the peak areas
and using response factors determined from NIST-traceable standards.
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3.1

3.2

4.1

4.2

4.3

4.4

4.5

4.6

5.1

INTERFERENCESAND LIMITATIONS

An interferent is any component present in the sample with aretention time very similar to
that of any target hydrocarbon described in this method. To reduce interference error,
proof of chemical identity may require periodic confirmations using an aternate method
and/or instrumentation, e.g., GC/MS, PID, different column, etc.

To maximize sample integrity, sample bags should not leak or be exposed to bright light or
excessive heat. Sampling bags must be shielded from direct sunlight to avoid reactions
occurring due to reactive hydrocarbons. The compound 1,3-butadiene, most of whichis
in CVShbag no. 1, isunstable. Therefore all CVS bag no. 1 samples must be analyzed
within 8 hours; CV S bag no. 2, CVS bag no. 3, and background samples must be analyzed
within 24 hours, although analysis within 8 hours is recommended.

INSTRUMENTS AND APPARATUS

Tedlar bags, 2 mil in thickness, nominally 5 to 10 litersin capacity and equipped with
quick-connect fittings, are used to contain the samples.

For manual sub-sampling into a GC, a ground glass syringe is used to transfer gaseous
samples from Tedlar bags to the GC sample inlet. For automated systems, a sample loop
is used to transfer gaseous samples from the Tedlar bag to the sample inlet of the GC.
Sample aliquot size is chosen based on considerations of instrument sensitivity and/or
linearity.

A temperature-programmable GC equipped with a gas sampling valve system, aFID, and
accessoriesis required.

mﬁh—is—used—An Alumlna PLOT column (50 m X O 32 mm) may—a}se-be isused. A wax
precolumn is recommended to prevent water damage to the PLOT column. Other
columns may be used, provided the alternate(s) can be demonstrated to be equivalent or
better with respect to precision, accuracy and resolution of all the target hydrocarbons.

A sample trap capable of being cryogenically cooled may be used.

An electronic integrator for quantitation of peak areasisrequired. If the data acquisition
system cannot record the chromatogram, an analog recorder is al'so required.

REAGENTSAND MATERIALS

Helium shall have a minimum purity of 99.995 percent. Higher purity helium may be
required to achieve the LOD required by Section 8.7.1.
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5.2

5.3

5.4

5.5

5.6

5.7

5.8

6.1

6.2

Hydrogen shall have a minimum purity of 99.995 percent.

Air shall be"Zero" grade. "Ultra-zero" grade may be required to achieve the LOD
required by Section 8.7.1.

Nitrogen shall have a minimum purity of 99.998 percent.

Cdlibration Standard - The quantitative calibration standard for all target hydrocarbons
shall be propane at a concentration level between 0.25 and 1 ppm-mole and within the
calculated linearity of the method. (sSeesSection 8.6.): This propane standard must be
traceable to a NIST-certified SRM with not more than one intermediate standard. A
comparison between a SRM and a candidate standard will yield a secondary NIST
traceable standard, while a comparison between a secondary NIST traceable standard and
a candidate standard will yield atertiary NIST traceable standard. A NIST SRM propane
standard, secondary NIST traceable propane standard, or tertiary NIST traceable propane
standard is required for calibration of Method 1002 or 1003.

Control Standard - A quality control standard, containing at least ethene, propane,
n-butane, and 2-methylpropene with a concentration between 0.2 and 1 ppmC based on a
propane standard, is used for the following quality control purposes:

1. Daily update of control charts, and
2. Daily determination of marker retention time windows.

A high concentration standard (higher than the calibration standard), containing the target
hydrocarbons listed in Section 5.6 is used for linearity determinations. The high
concentration standard must have concentrations verified against a NI ST-traceable
propane standard. (sSee Section 5.5 for the definition of NIST-traceable.): This
verification can be performed at the laboratory performing the analysis.

Liquid nitrogen may be required to cool the cryogenic sample trap and column oven where
applicable.

PROCEDURE
The gaseous sample is analyzed for the target hydrocarbons C, through C..

Suggested standard operating conditions for the gas chromatograph are:

: : : .
Hetium carrier gaslzlsw 0 “":”“.”')
”? dFllage:n ges frow 32 ”":’“!"'.'
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Helium carrier gas velocity: 30 cm/sec at 200°C

Nitrogen make-up gas flow: sufficient such that the total flow of helium
plus nitrogen is 30 mL/min

Hydrogen gas flow: 30 mL/min

Air flow: 300 mL/min

Sample valve temperature: 150° C (PLOT column)

Column temperature: 0°C (hold 7 min),
10° C/min to 200°C (hold 15 min)

Detector temperature: 250°C

| njector temperature: 150°C

6.3  For automated systems, connect the samples to the GC and begin the analytical process.
6.4  Introduce the sample into the carrier gas stream through the injection valve.

6.5  Each separated component exits from the column into the FID where aresponseis
generated.

6.6  Concentrations of hydrocarbons are calculated by an electronic integrator device, which
has been calibrated using a NI ST-traceable propane calibration standard.

6.7  For compounds having concentrations above the documented range of instrument
linearity, a smaller aliquot must be taken (for manual systems, a smaller syringe or smaller
loop; for automated systems, a smaller loop).

6.8  The peak integrations are corrected as necessary in the data system. Any misplaced
baseline segments are corrected in the reconstructed chromatogram.

6.9  The peak identifications provided by the computer are checked and corrected if necessary.

6.10 All peaksidentified astarget compounds (Appendix 1) at or above the LOD are reported
(Section 8.7).

6.11 Target compounds which coelute are reported as the major component, as determined by
the analysis of several samples by GC/MS or other methods. An exception to thisis m-
and p-xylene, where GC/M S data and fuel profiles are used to determine the relative
contribution of each component to the peak. This method was used to determine the m-
and p-xylene MIR value given in Appendix 1.
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8.1

8.2

8.3

8.4

The Alumina PLOT column is programmed to 200°C to assure all compounds are eluted
before the next run.

CALCULATIONS

The target hydrocarbon concentrations, in ppbC, are calculated by the data system using
propane as an external standard.

Concentrationg,,,. (PpbC) = Peak Area,,,,. X Response Factor
where the response factor (RF) is calculated during daily calibration by:

RF = Concentration of NIST-traceable propane standard, ppbC
Area of propane peak

QUALITY CONTROL

Blank Run - A blank (pure nitrogen or helium) is run once daily before running the
calibration standard, control standard, and samples. All target hydrocarbon concentrations
from the blank analysis must be below the LOD before the analysis may proceed. Asan
aternative to adaily blank run, adaily partia blank check in tandem with aweekly blank
run may be used. A partial blank check is where the calibration standard, consisting of
only propane and make-up gas (all organic compounds except methane and propane are
below 2 percent of the propane standard concentration), is run daily and is checked for
contamination except in the propane region of the chromatograph. The weekly blank run
will provide a check on contamination in the propane region of the chromatograph.

Calibration Run - One run of the calibration standard is performed per day to generate the
response factor needed for quantifying sample analyses.

Control Standard Run - One run of the quality control standard is performed daily.
Measurements of all compounds in the control standard must fall within the control limits
before sample analysis may proceed. To meet this requirement, it may be necessary to
inspect and repair the GC, and rerun the calibration and/or control standards.

Control Charts- A quality control chart is maintained for each component of the control
standard. The control charts, used on adaily basis, establish that the method is "in-
control." The following describes how to construct atypical control chart:
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1. Obtain at least 20 daily control standard results;

2. Calculate the control standard mean concentration and standard deviation for the
target hydrocarbon; and

3. Create a control chart for the target hydrocarbon by placing the concentration on

the Y -axis and the date on the X-axis. Establish an upper and lower warning limits
ant-atowerwarnmhgtmit at either two standard deviations (2s) or 5 percent,
whichever is greater, above and below the average concentration. Establish an
upper and lower control limits and-atower-controHtmitt at either three standard
deviations (3s) or 5 percent, whichever is greater, above and below the average
concentration.

The measured concentrations of all target hydrocarbons contained in the control standard
must be within the control limits ("in-control™) for the sample results to be considered
acceptable. A control standard measurement is considered to be "out-of-control™ when
the analyzed value exceeds the 3s control limit, or two successive control standard
measurements of the same analyte exceed the 2s warning limit.

8.5 Duplicates- A duplicate analysis of one sample is performed at least once aday. The
relative percent difference (RPD) is calculated for each duplicate run:

RPD (%) =  Difference between duplicate and original measurements x 100
Average of duplicate and original measurements

For each compound in the control standard, the allowable RPD depends on the average
concentration level for the duplicate runs, as shown in the following table:

Average Measurement for the Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 " " 30
20to 50 " " 20
Greater than 50 " " 15

If the results of the duplicate analyses do not meet these criteriafor all target
hydrocarbons in the control standard, the sample must be reanalyzed. If the criteriaare
still not met, all sample results for the day from this instrument must be deleted and the
samples reanalyzed.

8.6  Linearity - A multipoint calibration to confirm instrument linearity is performed for the
target hydrocarbons in the control standard for new instruments, after making instrument
modifications which can affect linearity, and at least once every year unless adaily check
of the instrument response indicates that the linearity has not changed. To monitor the
instrument response, a quality control chart is constructed, as specified in sSection 8.4,
except using calibration standard area counts rather than control standard concentrations.
When the standard area counts are out-of-control, corrective action(s) must be taken
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before analysis may proceed. The multipoint calibration consists of at least five
concentration or mass loading levels (using smaller or larger volume sample sizes of
existing standards is acceptable), each above the LOD, distributed over the range of
expected sample concentration. Each concentration level is measured at least twice. A
linear regression analysis is performed using concentration and average area counts to
determine the regression correlation coefficient (r). Ther must be greater than 0.995 to
be considered sufficiently linear for one-point calibrations.

8.7  Limit of Detection - The LOD for the target hydrocarbons in the control standard must be
determined must be determined at least once every year unless a daily check of the
instrument response indicates that the LOD has not changed. To monitor the instrument
response, a quality control chart is constructed, as specified in sSection 8.4, except using
calibration standard area counts rather than c