California Environmental Protection Agency
AIR RESOURCES BOARD

PROPOSED

. CALIFORNIA NON-METHANE ORGANIC GAS
' TEST PROCEDURES

Adopted: Tuly 12, 1991
Amended: September 22, 1993
Amended:

Monitoring and Laboratory Division, Southern Laboratory Branch
Mobile Source Division |
0528 Telstar Avenue
El Monte, California 91731

NOTE: Mention of any trade name or commercial product does not constitute
endorsement or recommendation of this product by the Air Resources Board.

The regulatory amendments proposed in this rulemaking are shown in underline
to indicate additions and strikeout to indicate deletions from the version of the
test procedures adopted on September 22, 1993. Modifications to the originally
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noticed text are designated by bold italics and bold-strikeout to represent
additions and deletions, respectively. '
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Part A
GENERAL APPLICABILITY AND REQUIREMENTS
1. These test procedures shall apply to all 1993 and subsequént model-year transitional
low-emission vehicles (FLEV), low-emission vehicles (LEV), and ultra low-emission

vehicles (ULEV) certifying to non-methane organic gas (NMOG) emiss'ion standards.

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

A. General Applicability and Requirements

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

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

E. 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 Hvdrocarbons
Appendix 2 Definitions and Commonly TIsed 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.

3. The analyses specified in the table below shall be performed to determine mass
emission rates of NMOG in gramis per mile (g/mi) or milligrams per mile (mg/mi) for
vehicles operated on the listed fuel:
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Fuel NMHC by FID | NMHC by GC | Alcohols Carbonyls
' Alcohol X | | X X
CNG X X
Diesel X X
Gasoline X X
PG X X

lLG€J‘—mcarrsJ«gars—chrmrrertt'fg',faph—“ The spemﬁed analyses shall be performed in accordance
with the f0110w1ng parts of this document:

'NMHbeFID

NMHC by GC

CARBONYLS

ALCOHOLS

Part B. -

-~ Part D.
Part E.

Part F.

Part C.

Determination of Non-Methane Hydrocarbon Mass

" Emissions by Flame Ionization Detection

Determination of C, to C; Hydrocarbons in
Automotive Source Samples by Gas.
Chromatography (Method No. 1002); and
Determination of C4 to C,, Hydrocarbons in
Automotive Source Samples by Gas.
Chromatography (Method No. 1003)
Determination of Aldehyde and Ketone
Compounds in Automotive Source Samples by
High Performance Liquid Chromatography
(Method No. 1004) '
Determination of Alcohols in Automotive Source
Samples by Gas Chromatography (Method No.
1001) '

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 shail be analyzed
according to parts F, C, and E (Method Nos. 1004, 1001, and 1003). Analysis for
alcohols shall be required only for vehicles which are operated on fuels containing
alcohols. !

For natural gas-fueled vehicles, the methane concentration in the exhaust sample shall
be measured with a methane analyzer. A GC combined with a FID is used for direct
measurement of methane concentrations. SAE Recommended Practice J1151 1sa
reference on generally accepted GC principles and analytical techniques for this
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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 emissions in 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. ‘
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1.1

3.1

4.1

PARTB
DETE ATI F

-METH "HYDROCARB ASS EMISST
BY FTLA 1 ZATION DETECTI

]NTRODUCTION

This procedure describes a method for determining non=methane-hydrocarbon fNMHC) -

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 nitions an reviations ar ntained in Appendix 2 h T

TOTAL HYDROCARBON MEASUREMENT

A ftame-fonizationdetector-(FID) is used to measure total hydrocarbon concentration in -

vehicle exhaust in accordance with the Code of Federal Regulations.[Ref 1] SAE
Recommended Practices J254[Ref, 2] and J1094a[Ref. 3] are references on generally

“accepted gas analysis and constant volume sampling techniques. For Beckman 400

FIDS only, 1mplementat1on of the recommendatlons outhned in SAE paper 770141“

MWWMMH shall be requ1red

'Other FID analyzer models shall be checked and adjusted, if necessary, to minimize

any non-uniformity of relative response to different hydrocarbons.
METHANE MEASUREMENT

A ga-s-d'rrbm‘awgraph-(GC) combined with a FID constitute a methane analyzer and
shall be used for direct measurement of methane concentrations. The SAE

" Recommended Practice J1151{Ref. 5] is a reference on generally 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 to0
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 Natromat
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Instituteof Standards-and-Fechnotogy«(NIST5 shall be analyzed by the FID. Several

methane concentrations shall be analyzed by the FID in the range of the exhaust sample
concentration. The total hydrocarbon FID response to methane is calculated as

follows: -
Ten, =  FIDppm/SAMopm
where:
Teny = FID methane response factor.
FID,. | = FID reading in ppmC.
SAM, ., - = .. the known methane concentration in ppmC. -

The FID response to methane shall b’e checked .at each calibration interval.
5. NMHC MASS EMISSION PER TEST PHASE

5.1  The following calculations 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

5.2.1 NMHC, = FID THC, - (tg, * CH,,) |
~ NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

5.2.2 NMHC; = FID THC, - (ICH4' * CHy,)
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

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

a) For gasoline, CH, 4 , where HCR = 1.85:

CO, = (1-0.01925 * CO,, - 0.000323 *R,) * CO,_
b) . For Phase 2 gasoline, CH, 5, , where HCR = 1,94:

" CQ, =(1-0.01970 * CO,, -0.000323 *R )} * CO,__

be)  For LPG, CHagy 4, Where HCR = 2766 2.64:

CO, = (1-6:623300.02320 * CO,, - 0.000323 *R) * CO,_
d) For CNG, CHj, ,;, where HCR = 3,78:

€O, =(1-0.02890 * CQ, . - 0.000323 *R) * CO__
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5.3

100 * X
X+ y/2 +3.76* (x + y/4-2/2)

5.2.4 DF =

CO,, + (NMHC, + CH,, + CO,)* 10"
(where fuel composition is C,H,O, as measured for the fuel used.)

a) For gasoline, CH, ;s , wherex = 1,y = 1.85, and z = O:
DF = 13.47/[CO,, + (NMHC, + CH,, + CO;) * 10*]

b) FpJ_Ehzsﬁ_Lgasm;nﬁ._Cﬂw x=1,y=19%andz =007

DF = 13.29 / [CO,. + (NMHC, + CH,, + CQ_ ) * 10*]

c) ForLPG CHags 154 » Where x = 1, y = 2766 2,64, and z = O:
DF 64 11.68/ [CO,, + (NMHC + CH,, + CO) *10*]

d) ' E_ojﬂﬁ,ﬂw where x = 1,y = 3.78, and z = 0.016:
DF = 9.83 / [CO,  + (NMHC, + CH,, + CO)*10*]

Vehicles Operating on Fuels Containing. Methanbl

5.3.1

5.3.2

5.33

5.34

NMHC, = FID THC, (I'CH4 *¢ CH4e) - (rcHs0H * CH3OH= )
NOTE: If NMHC, is calculated to be less than zero, then NMHC = Q.

NMHC, = FID THC; - (Ten, * CHaa B (rcuson * CH3OHd)
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

C_Oe = (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, COm must be
substituted d1rectly for CQ, .
a) For M100 (100% methanol), CH,0H, where HCR = 4:

CO, = (1-0.03000 * CO,, -0.000323 *R,) * CO,

b) For M85 (85% methanol, 15% 1ndolene), CH3 u O s Where
HCR = 3.41:

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

100 % __ % |
X + y/2 +3.76 % (x + y/4 - 2/2)

DF =

CO,, + (NMHC, + CH,, + CO, + CH; OH, + HCHO, ) * 10*
(where fuel composition is C,H,0, as measured for the fuel used.)
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5.4

5.5

6.1

a) For M100 (100% méthanol), CH,OH, wherex = 1,y = 4, and z = I:
DF = 11.57/[CO,, + (NMHC + CH, + CO, + CH,0H, + HCHO, ) * 10*]

b) For M85 (85% methanol, 15% Inclolene), CH:.J “ ()m,2 , where x = 1,
y =3.41,andz = 0.72:. '
DF = 12.02 / [CO,, + (NMHC, + CH,, + CO + CH30H + HCHO,) * 104]
Vehicles Operatmg on Fuels Contammg Ethanol-

5.4.1 NMHC, = FID THC, - (fey, * CHy, )= (temon  * CH;OH,)
. NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

5.42 NMHC, = FID THC, - (igy, * CHy, ) - (feuon* CH;0H)

NOTE: If NMHC, is calculated to be less than zero, then NMHC,; = 0.

543 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 substmlted dlrecﬂy
for CO, . :
a)  For E100 (100% ethanol), C,H,OH, where HCR == 3:
CO, = (1-0.02500 * CO,, -0.000323 *R,) * CO,,

100 * X
X+ y/R2 +3.76*(x + y/4 -2z/2)

544 DF =

CO,, + NMHC, + CH,, + CO, + C, H; OH, + HCHO,) * 10™
- (wherte fuel composition.is C,H,0, as measured for the fuel used.)

a) - For E100 (100% ethanol), C;HSOH, 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 NMHC,, = NMHC, - NMHC, *[1 - (1 / DF)]

conec

"NOTE: If NMHC;,,, is calculated to be less than zero, then NMHC,, = 0.

5.5.2 NMHC,. = NMHC,, * NMHC,,,, * VMIX * 10

TOTAL WEIGHTED NMHC MASS EMISSIONS -

All Vehicles
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‘NMHC

+ NMHC

mass 1 + ‘NMHcmassz | NMHCma.ss.'i 0ass 2
.6.1.1 NMHC,, =043*% ' + 0.57 *
Dphascl + DphaseZ . Dphasc3 + Dphascz .
7. SAMPLE CALCULATIONS
7.1  Given the following data for a gasoline vehicle, calculate the weighted NMHC mass emission.
Test |FID |FID |CH. |cH, |cO. [CO. |VYMIX |Dyw. |R
Phase | THC, | THC, (ppmC) | (ppmC) | (ppm) (%) (ft) (mile) | (%)
(ppmC) | (ppmC) \ ,
1 418 |86 753 5.27 1472|119 =~ | 2846 |3.583 |38
2 1 13.0 8.4 5.68 5.10 20.8 0.80 4856 3.848 38
3 154 |89 6.16° |520 |36.7 1.04 2839 |3.586 |38
For Phase 1:
NMHC, = FID THC, (ICH % CHae )
= 41.8 ppmC - (1. 04 * 7.53 ppmC)
= 33.97 ppmC
NMHC, = FID THC, - (fas, * CHus )
= 8.6 ppmC - (1.04 *5.27 pme)
= 3.12 ppmC
CO, = (1-0.01925*C0O,, -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, . :
= (1-0.01925 * 1.19% —30.000323 *38%) * 147.18 ppm
= 142.0 ppm \
DF = 13.47/[CO, + (NMHC, + CH“ + CO, ) * 10*

= | 13,47
1 19% + (33 97 pme + 7.53 ppmC + 142.0 ppmC) *

10

= 11.15
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NMHC,,, = NMHC, - NMHC, *[1 - (1 / DF)]
=-33.97 ppmC - 3.12 ppmC * [1- (1/11 15)]
= 31 13 ppmC
NMHC,,.., =NMHC, *NMHC,  * VMIX *10°¢
= 31.13 ppmC * 16.33 g/ft’ * 2846 ft* * 10
NMHC,., =145g
Similarly, for Phase 2:  NMHC,.., =0.33g
and for Phase 3: NMHC,,.s =10.27g
Therefore,
: ‘ NMHCmass..l .+ NMHCm_uSS'Z NMHCmass3 + NMHC
NMHC,,, = 043 * _ + 0.57 * .
- Dphase.l + Dphnscz ' DphaseS + Dpl\ase,Z
= 043*% __145g+033¢g + 0.57 * 027g 4033 ¢g _

NMHC,,,

3.583 mile + 3.848 mile

0.15 g/mile

3.586 mile + 3.848 mile __

mass 2

7.2 Given the following data for a vehicle operating on 85% methanol and 15% gasoline (M85),
calculate the weighted NMHC mass emission.

Test FID FID CH,, CH,, CHOH, | co_ CO,, VMIX |D,.. |R, HCHO,

Phase | THC. | THC: | (ppm<C) | Gpme) | ®Pm) | pm) | (%) (ft") (mile) | (%) (ppm)
(ppmC) | (ppmC) : . .

1 88.5 5.5 17.76 2.82 - | 729 303.2 1.28 2832 3.570 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 10.13 2.93 7.4 18.2 1.13 2825 3.586 32 0.12

. [For this example, CI—I;OHcl was assumed to be 0.0 ppm'C for all three. background bag samples. ]

For Phase 1:

NMHC,

NMHC,

Date of Release:
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FID THC,

88.5 ppmC - (1.04*17.76 ppmC) - (0.66%72.9 ppmC)

(rCH * CHae ) - (rcwson * CHaOH. )

21.92 ppmC

FID THCd =
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= 5.5 ppmC - (1.04%2.82 ppmC) - (0.66*0.0 ppmC)
=  2.57ppmC |

Co, =  (1-0.02705*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, .

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

-~ = 289.6 ppm
DF = 12.02/ [CO;, + (NMHCs + CH,, + CO, + CH,0H, + HCHO, ) * 10
= _ 12.02 . ; -
1.28% + (21.92ppmC + 17.76ppmC + 289.6 ppmC + 72.9ppmC + 0.56ppm) * 10*
= 9.10 _ ' | ‘
NMHC,_,,6A = NMHC, - NMHC, *[1 - (1/DF)]
S = 21.92 ppmC - 2.57 ppmC * [1 -.(1 / 9.10)]
= 19.63 ppmC ' _
. NMHC,.. = NMHC,, *NMHC,, *VMIX *10°
‘NMHC,,.., = 09ig
 Similarly, Phase 2: 'NMHC_,., =0.0g

and for Phase 3: NMHC,,..; =0.10g

Therefore,
| NMHCmassl + NMHCmassZ NIVIHCmassS + NMHCma.ssZ
NMHC,,, = (.43 * _ + 0.57 %
- Dphascl + Dphnsc2 DphascB + Dphach
= 043*__091g+000¢g + 0.57 * 010g+00¢
3.570 mile + 3.850 mile . 3.586 mile + 3.850 mile

NMHC,, = 0.06 g/mile .
F—DEFENITIONS
€EH.08,—the uict'uculUI corcentrationimthe-diiutionairasdetermined-from tiredifutiorrair
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1.1

1.2

2.2

3.1

T A OF. H
AUTOM E SAMPLE
BY GAS CHROMA RAPHY

METHOD NO. 1001

INTRODUCTION

This document describes a method of sampling and analyzing automotive exhaust for alcohols

- in the range of 8 to 1200 micrograms ug per 15 mithdtters<mL} of solution. The "target"

alcohols which shall be analyzed and reported by this method are methanol and ethanol. These
Ihl hen present in concentration he 1 hall be repor

This procedure is based on a method developed by the 1J,.S. Environmental Prgt@no
Agency, (U.S. EPA) [Ref 571 6] which involves flowing diluted engine exhaust through
deionized or purified water contained in glass i 1mp1ngers and analyzing this solution by gas

chromatography (GE€}.

All definition

METHOD SUMMARY

The samples are received by the laboratory in impingers. 'Compouﬁd separation and analysis
are performed using a GC. The sample is injected into the GC by means of a liquid
autosampler. Separation of the sample mixture into its components constituents is performed

by using a lemperature-programmed capillary column operated-thh—a—tmnperature gradient. A
ﬂmmmnzatron—detector—fFID) is used for alcohol detection and gquantification

The computerized GC data system identifies the alcohol associated with each of-the peaks.

The alcohol concentrations are determined by integrating the peak areas and using response
factors determined with from external standards.

INTERFERENCES AND LIMITATION_S

An interference interferent is any component present in the sample with a retention time
similar to that of any the target alcohols described in this method. To reduce interference
error, proof of chemical identity may require performance-of periodic confirmations using an

alternate method and/or instrumentation, e.g., gzcrchrmnatographﬁnass-spa‘:trcmeter
{GC/MS).
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3.2

4.1

- 5.1

52

53

5.4

5.5

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

INSTRUMENTATION AND APPARATUS

For each mode of the CVS test, two samp'ling impingers, gach 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 a2 DB-Wax Megabore column (30 .
meter{my, 0.53 midtmeter{mmy) ID, 1.0 mieron—<{u) film thickness) and FID is used.
hrlmnm rovi he alternate n mon
len r with r recision Tacy lution of all th
-alcohols h Is. '
4.1.2 A liquid autosampler is required.
4.1.3 A PC-controlled data acquisition systern for q-trmtrtatton quantifving of peak areas is
requ1red o

REAGENTS AND MATERIALS

Methanol shall have a purity of 99.9 percent, or be high performance 11qu1d chromatography
grade EM Science or equwalent

Ethanol shall be absolute, ACS reagernt grade.

Amcrrcan—Stan&ards-foﬁcmg—Matmﬂs ASTM Type I purified or ypg 1T deionized water
hall

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 s

approximately 1 gg/mL percentby~votunre of each target alcohol.

5.4.1 A calibration standard within at the expected concentration range of the samples is
prepared by successive dilutions of the stock solution with deionized or purified water,
e.g., 50 partspermithor{ppm) ug/mL votumeto-votume{v/v) is typical. -

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 update
controt-charts-for each target alcohol.

~ 5.4.3 All standards should be refrigerated at tesstham a temperature below 40° F during

storage.

Gas requirements.

5.5.1 Air shall be "Zero" grade, "Ultra-zero" grade may be required to achieve th LOD

requirs ion
5.5.2 Nitrogen shall have a minimum purity of 99.998 percent.

" 5.5.3 Helium shall have a minimum purity of 99.995 percent.

5.5.4 Hydrogen shall have a minimum purity of 99.995 percent.
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6.1
6.2

6.3

6.4

7.1

PROCEDURE

Each of the graduated fmtcd samplmg 1mp1ngers is ﬁlled with 15 mL of deionized or purified
water.

The impingers are placed in an ice bath during the sample collection.

After samphng, persa - ; =—and the solution
contained in each i 1mp1nger is transferred toa v1al and sealed

6.3.1 Samples shoutd shall be refrigerated (at a_tﬁm,p_etaumc_hd_my 40° F orlower) if

immediate analysis is not feasible, or if reanalysis at a later 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:, configured-asfoltows:
Column: DB-wWax, 30 m, 0,53 mm ID, 1.0u film thickness

Carrier gas flow: Helium at 5 mﬂh—l-rtcrs—pcr-xmnu’cc-(ml_,/mm)
Make-up gas flow: Nitrogen at 25 mIL/min

Detector: FID, Hydrogen at 30 mL/min and Air at 300 m]./min
Injector: Packed column injector with Megabore adapter insert; on—column
injection
Column_{Femperature: 50° C (1 min), 50° C to 70° C (5° C/min), 70° Cto 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 analysis is performed at least once per 24 hour period. .

6.4.3 The control standard is analyzed performed at least once per 24 hour period.

6.4.4 TFor Samples containing compounds having concentrations above the documented range
of instrument linearity;thesampte must be diluted and reanalyzed.

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 m_ge_t__a_.lm peaks at or above the mmnmn-aﬂmvab’rc—hmt—of—detcctrmﬂOD)

CALCULATIONS

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')s,m,]c = Peak Area,,, . X Response Facfor
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7.2.

8.1

8.2

8.3

8.4

8.5

where the response factor (RF) is calculated duriﬁg the calibration by:

Concentration,,, g e
RF = '

Peak Area,, 4.4

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

n internal stan hod may al
QUALITY CONTROL
Calibration and control standards are prepared at Ieas£ every six months and analyzed daily.
BIank Run, A deionized or purified watg r blank run is performed before running the
calibration standard. All target alcohol concentrations from the blank analysis must be below

the LOD before the analys1s may proceed.

Qahh;m One run of the calibration standard is performed daily to generate the

- response cadibration factor needed for quantitating quantifying sample analyses.

CQ__LLLSI@__Q_@L‘_&L One run of the quality control standard is performed after the
calibration run. Measurements of all target alcohols 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 ¢alibration and/or control standards.

Control Charts. A gQuality control chart{s} is are maintained for each analyte in of the control
standard sampte. The control chartg, used on a daily basis, establishes that the method is "in
“statisticat- control". The following describes how to construct a typical control chart:

1. Obtain at least 20 daily control standard sampte results;

2. Calculate the average control standard sample mean concentration and standard
deviationfs} for the target analyte(sy; and

3. .Create a control chart for the target analytefsy by placing the concentratlon on the
Y-axis and the date on the X-axis. Establish Praw an upper warning limit and a lower
warning limit at two standard deviations (2s) above and below the average
concentration. Establish Praw an upper control limit and a lower control limit at three
standard deviations (3s) above and below the average concentration.

Thecontrotsamptemust-be"in=controt"for The measured concenfrations of all target analytes

in the control standard m ithin the control limits ("in-control™) for the sample
results to be considered acceptable. A control standard sample measurement is considered to
be "out-of-control" when the analyzed value exceeds the 3s limit, or two successive control
standard sample measurements of the same analyte exceed the 2s limit.
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8.7

8.8

Duplicates. A duplicate analysis of one sample is performed at least once a day. 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 _ Allowahle RPD (%)

1to 10 ‘ times LOD 100
10 to 20 o ‘ : 30
20 to 50 oo 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 criteria are still not met, all sample results for the day from

this instrument must be deleted and the samples reapnalvzed.

Linearity. A multipoint calibration to confirm checkfor instrument linearity is performed for
all target alcohols for new instruments, after making instrument modificati i
linearity, and at east once every-year sixmonths. The multipoint calibration consists of at
least five concentration or mass loading levels, each above the LOD, eventy distributed over

the range of expected sample concentration fmem-rty-of—ti're-mstrumcm 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). The r must be greater
than 0.995 to be considered sufficiently linear for one point calibrations.

Limit of Detection. The LOD hmrt—of-dreteetron for the target alcohols must be determined for
new instruments, after making instrument modifications which can affect the 1.OD and at least

* once every year. everysixmonths. To 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] (Ref5:Z): .
LOD = |h] + (tx5s)

absQ ute value Qf the y-i te:g;epj;, m_is the slope of ;be linear regresslgn, s is the standard
deviation of at least five replicate determinations of the lowest concentration standard, and t is

~factor for rcent confidence for a one-si nr_ml ian) distribution, Th
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m&castthrccrqﬁrcztcs—arc-rcqurrcd The lowest standard must be of a concentration of at one
to five times the estlmated LQ dctcctron—lmnt H—data—rs—not—avaﬂat&c-nrﬂte-cmmrtraﬁon

4 okl 1 - 0
=J LTITTUL .

8.8.1 The maximum allowable LOD for each alcohol is 0.50 pg/mL. The calculated
1 LDm 13l rl 'rhnhm_ximmlwlLDAll
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1.1

2.2

2.3

C 2.4

2.5

Part D

 DETERMINATION OF C, TO C. HYDROCARBONS
TOMOTIVE S E SAMPLES BY GAS CHROMATOGRAPHY
METHOD NO. 1002
INTRODUCTION

~ This document describes a method of analyzing, by gas chromatography, C, to Cs
hydrocarbons (light-end hydrocarbons) in.the range of partsper-bittiorcarbon{ppbCy from
automotive source samples. This method does not include sample collection procedures [Ref.
8] (Ref9:1. The "target" hydrocarbons which shall be analyzed and reported by this method
and Mmethod 1003 are listed in Attachment _pp_e_dL_ x 1. All n.thi li

e;];her Method 1!1!!2 or Me];th 1003. Each laboratory should d1V1de the hst 1nto llght -end

~ (Method 1002) and mid-range (Method 1003) hydrocarbons in the manner which best suits the

laboratory instrumentation. All compounds on the 11st not targeted by Mmethod 1002 must be

METHOD SUMMARY

This is a rapid method intended for routine analysis.

The samples are received by the laborétory in Tedlar bags, which are sub~safnp1ed into a gas
chromatograph{GCY for separation and amatyses analysis.

The gas chromatographic analysis is performed on a packed column operated isothermally at
35°C, or an Alumina (Al,0,) Poroustayer OpenrTubutar- (PLOT) column temperature '
programmed from O°C to 200°C. An flame-tonizationdetector€FID} is used for detection and
quantification.

The sample is injected into the GC by means of gas sampling valves. Separation of the sample
hydrocarbon mixture into its components constituents 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
ofthe peaks. The hydrocarbon concentrations are determined by integrating the peak areas
and using response catibration factors determined from with NIST-traceable standards.

Date of Release: 10/20/95; 15-day changes
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3.1

3.2

4.1

4.2

4.3

4.4

5.1

52

INTERFERENCES AND LIMITATIONS

An mterference interferent is any component present in the sample with a retention time very-
similar to that of any thre target hydrocarbons described in this method. To reduce interference
error, proof of chemical identity may require performanceof periodic confirmations using an

alternate method and/or instrumentation, e.g., gaschromatograph/mass-spectrometer
tGC/MS), photormnmmrdetcctor-(PID) dlfferent 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 which is in
CVS bag no. 1, is unstable. Therefore all CVS bag no. 1 samples must be analyzed within 8 #
hours LOATAN 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 liters in capacity and equ1pped with
qulck-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 temiperature-programmable GC equipped with a gas sampling valve system, a FID, and
accessories is required.

A stainless steel column [6 feet<ft) x 1/8 meh<(in)] packed with phenylisocyanate Durapak
80/100 mesh is used. An At Alumma PLOT column (50 h66 m x 0. 32 mm) ay also be

mpl Ie of bein 11 1
An electronic integrator for quanhtatlon of peak areas is required. If the data acqu131t10n
system cannot record the chromatogram an analog recorder is.also requu'ed

REAGENTS AND MATERIALS

Helium shall have a minimum purity of 99. 995 percent Higher puri lium m
requir h1 h Tequir 7.1 '

Hydrogen shall have a minimum purity of 99.995. percent.

Dale of Release: 10/20/95; 15-day changes
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5.3 Air shall be "Zero" grade. "Ultra-zero" grade may be required to achieve the LOD required
‘ by Section 8.7.1,

5.4 Nitrogen shall have a minimum purity of 99.998 percent.

5.5  Calibration Standard - The quantitative calibration standard for all target hydrocarbons Shaﬂ
' be propane at a concentration level between 0.25 and 1 ppm-mole and within the calculated
7 11near1ty of the method (see sectlon 8. 6) ThlS propane standard must be traceable ];Q a NIS

bccn—comp‘arcd w1th not more than one 1ntermed1ate standard to—a—fHS‘i‘—ccrtrﬁc&-S-RM 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 a tertiary NIST traceable standard. A NIST SRM propane standard,
secondary NIST traceable propane standard, or tertiary NIST traceable propane standard is
required for calibration of Mmethod 1002 or 1003.

5.6  Control Standard - A quahty control standard, containing at least ethene, propane, n-butane,

and 2-methylpropene with a concentration between 0.2 and 1 pa:-ts—pcrnn-}hon-cmﬁm—fpme)
based on a propane standard, is used for the followmg quality control purposes:

L Daily update of control charts, and

Date of Release: 10/20/95; 15-day changes
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5.7

- 5.8

6.1

6.2

6.3

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 semi=annualty for linearity determinations. The high
concentrafion eattbration standard must have concentrations verified against a NIST-traceable
propane standard (see Section 5.5 for the definition of NIST-traceable). This verification can
be performed at the laboratory performing the analysis.

o

Liquid nitrogen may be required is-used to cool the cryogemc 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: |

6.2.1 Packed g:gl;;lmn,

Hehum carrier gas flow: 50 mithfiter/minute-tmil/min) (packed-cotunmy

Hydrogen gas flow: 32 mL/min

Air flow: 300 mL/min

Sample valve temperature: ambient

Heating bath temperature: 60° - 80°C

Injector temperature: 35°C {packed-cotumn)

Column temperature: 35°C (isothermal)-{packed-coturmm)-
0°c-+6-200" %(tcnrptraturc-progrmn-)-(-ﬁrl—PbﬁT—eohnmﬁ

Detector temperature: - 200 to-250°C

6.2.2 PLOT Column _

Helium carrier gas yglggit}z: m 1t 200°

Nitrogen make-up gas flow: sufficient such that the total flow of helium plus nitrogen
i I/min |

Hydrogen gas i , 30 mI/min

Air flow: 300 mL[ml

Sample valve temperature: 5!! C (PI( 2T leumn)

Column temperature: ° 7 min °C (hold 15 min

Detector temperature: 5!2 C

For autom m he sampl h nd begin the analytical pr
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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 a response 1s generated.

6.6 ~ Concentrations of hydrocarbons are calculated by an electronic integrator device, which has
been calibrated using a NIST-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, 2 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 correcfed i_f necessary.

6.10 All The peaks areasof identified as_ta_ggt compounds (Appendix 1) at or above the maxirrums
aﬂowzcb}c LOD are reported LS.&LO_&_) ;é;tﬂrc—}a-boratnryr’s-dxscrctrmr-pcaits-at-or-&bovc

- 6.11

v‘l iven in Appendix 1.
5-11 Ti - - ‘ -. . i- i . ] ‘- i] 1 ]538 - -

- 6.12  After each run, the packed column is back:flushed with helium while the oven temperature is
raised and maintained at 60°C for 15 mins, or as required to flush the column.

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

6. 134 Before the next run, sufficient time {typreatty-+5mins) is allowed after back-flush of the
packed column to re-establish the required temperature of the column.

7. CALCULATIONS

Date of Release: 10/20/95; 15-day changes
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7.1

8.1

8.2

8.3

8.4

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

Concentrauonmplc (ppbC) = Peak Area_, . X Response Factor.

where the response factor (RF) is calculated durmg darly cahbratlon by:

= Concen I;J;ailon of NIST-tr ageab ¢ propane sLa,nda, d, ppb!l

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 hydrocatbon conceiitratioris from the blank
analysis must be below the LOD before the analysis may proceed. As an alternative to a daily
blank run, a daily partial blank check in tandem with a weekly 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 chr0matograph.

Calibration Run. One run of the calibration standard is performed per day to generate the

response catibration factor needed for quantitating quantifying sample analyses.

Control Smndard Run. One run of the quality control standard is performed dally.
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 Qquality control chart{s)are is maintained for each component of the :
control standard sampte. The control charts, used on a daily basis, establishes that the method
is "in: “statisticat-control.” The following describes how to construct a typical control chart:

“1. -~ Obtain atleast 20 daily control sj;a_d_a_d sample results; ‘
Calculate the average control standard sample mean concéntration and standard

: deviation(s) for the each target hydrocarbon; and

3. Create a control chart for the each target hydrocarbon by placing ‘the

concentration on the Y-axis and the date on the X-axis. Establish an upper
warning limit and a lower warning limit at two standard deviations (2s) above
and below the average concentration. Establish an upper control limit and a
lower control limit at three standard deviations (3s) above and below the
average concentration.
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8.5

8.6

8.7

The-controtsampie-must-be-tim-controt*for The measured concentrations of all target

- hydrocarbons contained fsted in the control standard sampte must be within the control limits

("in-control") for the sample results to be considered acceptable. A control standard sample
measurement is considered to be "out-of-control” when the analyzed value of-the-sample

- meastrement exceeds the 3s limit, or two successive control standard samp}c measurements of

the same analyte exceed the 2s limit.

Duyplicates. A duphcate analysis of one sample is performed at least once a day The relatlve

‘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 duphcate runs, as shown in the following table:

Av erage Mgasgtrcmgnt fQ[ the Duplicate Runs - Allowable RPD (%)
1to 10 times LOD 100
10 to 20 _ . " o 30
20 to 50 o 20
Greater than 50 " " ‘ ' 15

If the results of the duplicate analyses do not meet these criteria for all target hydrocarbons in .
the control standard, the sample must be reanalyzed. If the criteria are still not met, all sample
results for the day from this instrument must be deleted am_me_saguﬂmﬂahu;zi

Linearity. A multipoint ca11brat10n to confirm chcck—for 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 ygar six-months unless a daily
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 section 8.4, except

using calibration standard area counts rather than control standard concentrations. When the

p_Qggggi The mu1t1p01nt cahbrat1on consists of at least five concentratlon OT mass loadmg
levels (using smaller or larger volume sample sizes of existing standards is acceptable), each
above the LOD, eventy distributed over the range of expected sample concentration Hnearity-of
the-imstrument. 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). The r must be greater than 0.995 to be considered sufficiently
linear for one-point calibrations.

[imit of Detection. The Hmmitofdetection LOD for the target hydrocarbons in the control
standard must be determined must be determined at least once every year stx-mronths. unless a
daily check of the instrument response indicates that the 1.OD has not changed. To monitor

Date of Release: 10/20/95; 15-day changes .
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a.na.lys S may pr: QQQQ_Q To make the necessary calculatlons 1t is necessary to perform a
multipoint calibration consisting of at least four "low" concentration levels, each above the

LOD. The LOD must be calculated using the following equation [Ref, 9] Ref-9:2):

LOD = |b|_+ (tx5)

'ﬁt-lcast—ﬁTrCCTcphcatcs-arc-rcqmrcd The lowest standard must be of a concentration of at one
to five t1mes the esnmated Q dttcctmn*hxmt ffdamm-awm}abic-m—ﬂmmmmatm

3.7.2. For the puxposes of calculatmg the total mass tppbe) of all species, the concentrations
of all compounds below the LOD are considered to be zero.

8.8  Method No, 1002/Method No. 1003 Crossover Check For each sample, a compound shall be
measured by both Method No. 1002 and Method No. 1003. The crossover compound shall be
a compound that can reasonably be expected to be found and measured by both methods in the

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95 : : D-8



laboratory performlng thc ana1y81s Ihe_LQSLLwa_La_e_d_Q)Lt_e_tﬂo_mﬂ_st_s_o_u_d_b_ﬁ
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1.1

2.2

2.3

2.4

2.5

Part £

DETERMINATION OF C, TO C,, HYDROCARBONS
AUTOMOTIVE SO E SAMPLES BY HR TOGRAPH

METHOD NO, 1003

INTRODUCTION

This document describes a method of analyzing, by gas chromatography, C, to C,,
hydrocarbons (mid-range hydrocarbons) in the range of parts per billion carbon (ppbC) from
automotive source samples. This method does not include sample collection procedures [Ref,
7] (Ref-91). The target hydrocarbons which shall be analyzed and reported by this method

and Mmethod 1002 are hsted in attachmcnt App_e_d_m 1. All com pQu ds Q n_this 1i st, whgn

QlL'hQI‘ Mg;hgd 10( 12 or Mgihgd 1003. Each laboratory should d1v1de the hst mto hght—end

(Method 1002) and mid-range (Method 1003) hydrocarbons in the manner which best suits the
laboratory instrumentation. All compounds on the hst not targeted by Mmethod 1003 must be

targeted by Mmethod 1002.

METHOD SUMMARY

This is a raptd method intended for routine analysis.

“The samples are received by the laboratory in Tedlar bags, which are sub-sampled into a gas

chromatograph(GC) for separation and analysis anatyses.

The gas chromatographic analysis 1s performed through a temperature-programmed capillary
column. opcratcd-trsmg-grad-rcm—tcn'rpcrattm A ﬁmnc—ronmﬁon—dctcctor—(FID) is used for

detection.
rdentifreation.

The sample 1s injected into the GC by means of gas sampling valves. Separation of the sample
hydrocarbon mixture into its components constituents 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 hydrocarbons.

The computerized GC data acquisition system identifies the hydrocarbons associated with each
ofthe peaks. The hydrocarbon concentrations are determined by integrating the peak areas
and using a responsg cattbration factor determined from with NIST-traceable standards.
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3.1

3.2

4.1

4.2

4.3

4.4

4.56

5.1

5.2

5.3

The GC is equipped with a FID, a P, and a gas sampling valve system.

INTERFERENCES AND LIMITATIONS

An interference interferent is any component present in the sample with a retention time

-similar to that of any the target hydrocarbons described in this method. To reduce interference

error, proof of chemical identity may require performance-of periodic confirmations using an

alternate method and/or instrumentation, e.g., gas—ch-romatogra:ph%mass—spcctromctcr
tGC/MS3, phﬁtormzahmrdttcctor-(PID), different column, etc.

The concentration of hydrocarbons in the range of interest is stable for at least 24 hours in the
Tedlar sampling bags, provided the sample bags do not leak and are not exposed to bright light
or excessive heat. Sampling bags must be shielded from direct sunlight to avoid losses from
reaction of the reactive hydrocarbons. Samples must be analyzed within 24 hours.

INSTRUMENTATION AND APPARATUS_‘

.Tedlar bags 2 mil in thicknéss, nominally 5 to 10 hters in capacity and equlpped 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.

i,

A non-polar capillary column [e.g., J&W DB-1, 60 m x 0.32 mm ID, film thickness 1.0

mtcron y] is used. Other columns may rovi

ivalent or rwithr ; recision T, nd resolution
hydrocarbon
A le tr le of being: icall led m

A computer-controlled data acquisition system is required for the g;;a,gufgang quantitationrof
peak areas.

REAGENTS AND MATERIALS

. Helium shall have a minimum punty of 99 995 percent ghgr purity helium may be

requir hieve the LOD r 7.1
Hydrogen shall have a minimum purity of 99.995 percent.

Alr shall be "Zero" grade. "Ultra-zero" grade may be required to achieve the LOD required
ion 8.7,1
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5.4

55

Nitrogen shall have a minimum purity of 99.998 percent.

Calibration 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
hneanty of the method (see sectlon 8. 6) Th1s propane standard must be traceable 19 a N ;S

bcm—cmnparcd w1th not more than one mtermedlate standard-to-a—}ﬁsil‘—ccrﬁﬁcd—SRM 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 a tertiary NIST traceable standard. A NIST SRM propane standard, a

- secondary NIST traceable propane standard, or a tertiary NIST traceable propane standard is

required for calibration of Mmethod 1002 or 1003.

5.6

-Confrol Standard - A quality control standard, containing at least n- hexane, n-octane, -
n-decane, benzene, toluene, and m- or p=xylene with concentrations between 0.2 and 1 parts

permithencarbonr{ppmCy based on a propane standard, is used for the followmg quahty
control purposes:

1. Daily update of control charts, and
2. Daily determination of marker retention time windows. -
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5.7 A high concentration standard (higher than the calibration standard), containing the target
hydrocarbons listed in section 5.6 is used semt=ammuatty for linearity determinations. The high -
concentration eatibration standard must have concentrations verified against a NIST-traceable

- propane standard (See Section 5.5 for the definition of NIST-traceable). This verification can
be performed at the laboratory performing the analysis.

5.8  Liquid nitrogen may be required is-used to cool the cryogenic trap and column oven where
applicable. ,

6. PROCEDURE
6.1  Typical operating conditions.

6.1.1 Suggested operating conditions for the manual GC are:

Helium carrier gas averagetinear velocity: 30 cm/sec centimeterstsecond at 200° C

Nitrogen make-up gas flow: fficien h that the fl f helium pl
| - nitrogen is 30 mL/min - :

Hydrogen gas flow (for FID): 30 mL/min

"Zero" air gas flow (for FID): 300 mL/min

Autozero FID and-PIP at: 0.0 min

Range 11, Attenuation 8 (or another suitable value)

Sample valve temperature: 150°C

Injector temperature: 150°C

Column Entrance Port temperature: 95°C

Detector temperature: 250°C - ,

Column temperature: Initial temperature 0°C; 10°C/min to 200°C

6.1.2 Suggested operating oondmons for the automated GC are:
Helium carrier gas averagetinear velocity: 28 30 cm/second at 200°C

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

Hydrogen gas flow (for FID): 30 mL/min

"Zero" air gas flow (for FID): 300 mL/min

Autozero FibandPID-2t0-0mn

Range 11, attenuation § (or another suitable value)

Sample valve temperature: 150°C

Detector temperature: 256 300 °C

Column Temperature: ~ Initial temperature  -50°C (5 min), 5°C/min to
: 50°C, 10°C/min to 200°C

Date of Releese: _10/20/95; 15-day changes
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6.2  Data Reduction

T 6.2.1 All peaks ldmﬂﬁm_aua_gmmds_fmm at or above the maximmmy
a:l-lowab’re-l‘mnt-of—detecﬁon—(LOD} are reported LS_thmu_&.ll #ﬂTc-lﬁ-laoratoryLs-drscretion—

6 2.3 The results are exammed to see that the’ peaks are correct:ly 1dent1ﬁed—and mtegrated
6.2.4 After running a particularly "dirty" sample, the analyst should run a blank before
proceedmg to the next sample as there may be sample carryover, or flush the samphng system
with air.
6.2.5 The peak 1dent1ﬁcat1ons prov1ded by the computer are rev1ewed and, 1f ‘necessary,
corrected using the following procedure and criteria:
(D The relative retention indices from GC/MS analyses are used to help confirm
- peak identifications.
(2) The primary peak identification is done by the computer usmg the relative
retention times based on reference calibration runs.
(3) Confirm that the relative peak heights targest-peaks of the sample run
{("fingerprint") match the typical fingerprint seen in past sample runs.
(4) Compare the relative retention time of the sample peaks with those of reference
runs.
() Any peak with a reasonable-doubt is labeled "Unidentified".
6.2.6 The concentrations of the hydrocarbons are calculated by an electromc integrator
device.

7. CALCULATIONS

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

Concentratlonmp,c (ppbC) = Peak Area

sample

x Response Factor

where the response Factor (RF) is calculated durmg‘ daily calibration by:

= Concentration of NIST-traceable pr Qpa, e sta, dard, ppbgz
Area of propane peak

8.  QUALITY CONTROL

Date of Release: 10/20/95; 15-day changes _
Board-Hearing: 9/28/95 _ E-5



8.1

8.2

8.3

3.4

8.5

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 L.OD before the analysis may proceed. As an alternative to a daily
blank run, a daily partial blank check in tandem with a weekly 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.

g:ahbraugn Ru One run of the cahbratlon standard i is performed per day to generate the
response catibration factor needed for quantitating 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 mspect :
‘and repair the GC and rerun the calibration and/or control standards.

g:QnLrQI Charts. A Qquality control chartfs) is are maintained for each component of the
control standard sampte. The control chartg, used on a daily basis, establishes that the method
is lin: “statisticat control”. The following describes hc')w to construct a typical control chart:

1. . Obtain at least 20 daily control standard sampte results,

2. Calculate the average control standard sample mean concentrauon and standard
deviation(s) for the each target hydrocarbon, and '

3. Create a control chart for the each target hydrocarbon by placing the
concentration on the Y-axis and the date on the X-axis. Establish Praw an
upper warning limit and a lower warning limit at two standard deviations (2s)
above and below the average concentration. Establish Braw an upper control
limit and a lower control limit at three standard deviations (3s) above and below -
the average concentration. -

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

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

RPD(%)# Differen licat original measurements x 1
Average of duplicate original measurements

Date of Release: 10/20/95; 15-day changes
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8.6

8.7

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:

Am&mmwm_&mmm

- 1to0 10 times LOD . 100
10 to 20 L " : 30
20 to 50 " " : 20
Greater than50 - " ! 15

If the results of the duplicate analyses do not meet these criteria for all compounds in the

-control standard, the sample must be reanalyzed. If the criteria are still not met, all sample

- results for the day from this instrument must be deleted and the samples reapalyzed.

Linearity. A multipoint calibration to confirm check-for instrument Imeanty is performed for
alI target hyclrocarbons in the control standard for new instruments, after making instrument

hich can affect lin at least once every year sixmonths: unlessa

ilhkfhin m nini h linearity has not chan To monj

analxsj_s_may_p_o_c_m The mu1t1pomt calibration consists of at least ﬁve concentratlon or
mass loading levels (using smaller or larger volume sample sizes of existing standards is
acceptable), cach above the LOD, eventy distributed over the range of expected sample
concentration hncanty-of—ﬁ'rc-mstrmm 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). The r must be greater than 0.995 to be
considered sufficiently linear for one point calibrations..

Limit of ng;ggﬁgn. The LOD fimit-of-detectton for the target hydrocarbons in the control

standard must be determined for new instruments and after making instrument modifi

ion
which can affect linearity and/or sensitivity and at least once every year stxmonths: unless a

1hkfhmrmn nse indi hLDhnhn To monitor

X in; lirin ndard ar rather than nrl rd concentration
nrl-

analysis may pr Qg@@d To make the necessary caIculanns it is necessary to perform a
multipoint calibration consisting of at least four "low" concentration levels, each above the

LOD. The LOD must be calculated using the following equation [Ref, 7[ (Ref9:1):

LOD = |b| + (txs)

m.

Date of Refease: 10/20/95; 15-day changes
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i Ww w5 L3 <1
' value of the y- 1ntercent m is the slope of the linear regression, s 18 the 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-table is:

Degr fFr m

1k ko He
F

- Atteast-threereplicatesare requrred. The lowest standard must be of a concentration of at one
“to five times the estlmated Q dctcctrmﬂ:rmrt i—f—da:ta—rs—not—avaﬁzb}c-nrﬂrc-conccnu‘aﬁm

87.1 The maximum allowable LOD for each amry compound is 20 ppbC propane. The

calculated laboratory TOD must be equal to or lower than the maximum allowable LOD. All

peaks identified as target compounds that are equal 1Q or exceed the maximum LOD must be

renorted If the calculated laboratory LOD is less than the maximum allowable LOD, the

laboratory may choose to set its réporting limit at either the maximum allowable LOD or the
Icul iabor D

8.7.2 For the purposes of calculating the total mass {ppb€) of all species, the concentrations
of the compounds below the LOD are considered to be zero.

8.8  Method No. 1002/Method No. 1003 Crossover Check. For each sample a compound shall be
measured by both Method No. 1002 and Method No. 1003. The crossover compound shall be
a compound that can reasonably be expected to be found and measured by both methods in the
laboratory performing the analysis. The results of the two analyses should be compared and

an acceptance criteria set for the relative percent difference.
ol I o T . — M 1 Tk M — Fag
7L L N DHVILUHHICHML IiULCbLlUngCUb}', \_,;UIHUCH’U]U“I UL LVlCLllUUb 1U1 T AU T TN TATION L AT
I'T‘ 1N fa¥ S IR esIaWaki
U/\lb UJ HE‘[][R/ \/Ulilwullub Jl[ﬁ]llUiCHL l"\[l U.\"ICL”UU 17._)' l.li LJ.'A’“\ UUUIH’ [e)- il U].I, .E\C.)Uﬂ..i.\./ll
Friangle Park; North-Carotina, Fune 1989
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1.1

3.1

Part F

ETE AT
F ALDEHYDE AND KET MP:

A MOQTIVE E SAMPLE,
BY HIGH PERFORMANCE HROMATOGRAPH

THOD 1004

IN TRODUCTION

This document descrlbes a method of analyzmg automotive engine exhaust for aIdehyde and
ketone compounds (carbonyls) using impingers, containing acidified .
2,4-dinitrophenylhydrazine (DNPH)-absorbing solution, or DNPH-impregnated cartridges.
Carbonyl masses ranging between 0.02 to 200 ug are measured by this method. The target”
carbonyls whlgh sha,ll b@ analyzed and reportcd hi hod are listed in ndix 1. -are

p—to-}uai&chydc All Qf ;hgsf,; gagbg y com pgu ds, when presen j; n concen L[a,IQ ns abQ Q];bg
LOD, shall be reported.

This procedure is detived from a method used by Hull [Ref. 10] (Ref-—9-1.

All definitions and abbreviations are contained in Anpendix 2 of th rocedures.
METHOD SUMMARY

The samples are received by the laboratory in sample collection cartridges or impingers (See
Section 4.2). The absorbing solution (2,4-DNPH) complexes the carbonyl compounds into
their diphenylhydrazone derivatives. The cartri re then el ith 5 ml nitril

Separation and analysis are ts performed using a HigtrPerformance-Eiquid-Chromatograph

HPLC with an ultraviolet detector.
INTERFERENCES AND LIMITATIONS

An interferent interference is any detectable compound present in the sample with a retention
time very similar to that of any the target carbonyls described in this method. To reduce
interference error, proof of chemical identity may require performance-of periodic
confirmations using an alternate method and/or instrumentation, e. g., alternative HPLC
columns or mobile phase compositions.

Date of Release: 10/20/95; 15-day changes ‘ -
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3.2

4.1

4.2

5.1

5.2

If samples are not analyzed the same day as received, they must be transferred-toglassbottles; .

seated—and refrigerated at a temperature below 40°F. Impinger solutions must first be

transferred to glass bottles and sealed. Refrigerated samples are stable for up to 30 days.

” In T - nmh r11n

INSTRUMENT AND APPARATUS

The HPLC analytical system consists of the following:

4.1.1 Dual high pressure pumps.

4.1.2 Automated gradiént controller or pump module controller.
4.1.3 Temperature controller module for the column oven.

4.1.4 A liquid autosampler.

4.1.5 The primary system incorporates two DuPont Zorbax ODS columns in tandem and a -+
guard column, (2 centimreters cm long packed with LC18 5 mcrometers—<{um) pelhcular

beads). The secondary system incorporates a Delta Bond AK (4.6 mm ID x 200 mm})

k lumn with rd column (2 ¢cm lon ki ith L.C1 licular
beads or equjvalent). chgr columns 1 may used, provi dgi_t_e_altcmalics) Qa_.hc
MOoNSLT, T T recisi

lution il tar rbonyvls.
4.1.6 -An ultraviolet/visible (UV/VIS) detector.
4.1.7 Data system for peak integration.

Sample collection containers are glass impingers: oI DNPH—imprégnated cartridges may also

REAGENTS AND MATERIALS
Acetonitrile, HPLC grade, (Burdick and Jackson or equivalent).

Water, HPLC grade, (Burdick and Jackson or equivalent).

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95 F-2



5.3  2,4-Bmitrophenylthydrazine{DNPH), purified, Radian Corporation Eastnran or equivalent,
Unpurified DNPH must be 5 recrystallized twice from acetonitrile. The recrystallized DNPH
is checked for contaminants by injecting a dilute solution of DNPH in contaminant-free
acetonitrile into the HPLC.

5.4  Sulfuric acid, or perchloric acid, analytical reagent grade, (Baker Analyzed Ql: equivaiént).

5.5

- - TABLE F-1 S -
PROPERTIES OF CARBONYL/2,4-DNPH COMPLEXES

Molecular Melting

mplex Weight (g/mole) Point °C
formaldehyde 210.1 165-166
acetaldehyde 224,18 152-1
acrolein T 23619 165!
acetone 23820 125-127
propionaldehyde_ 23820 144-145-
butyraldehyde 232.2 119-12
hexanaldeh o 280.28 106-107
benzaldehyde. 286.23. 240-247
methyl-ethyl-ketone 252.53 117-118
methacrolein . 250,21 : 200-201
crotonaldehyde _ 250,21 185-188
valeraldehyde 266,26 107-108
m-_tolualdeh 300,27 212

' This compound has been known to decompose.

Date of Release: 10/20/95; 15-day éhangcs
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5.6 - Stock Calibration Standard - A stock calibration standard is nfena.r-ﬁﬂ by diluting the target
carbonyl/2,4-DNPH complexes s with acetonitrile,;eg5a A typical 100-miacetonitrite
stardard stock calibration standard sotutron contains + apprgxma];g; v 5 to 15 mg/mL of each
target QgrbgnyIZDIj PH QQmpIQ

5.7  Working Standard - A working standard is prepared when required by diluting the stock
calibration solution, making sure that the highest concentration of the staridard is above the
expected test level; e.g., + 3 mL of the stock calibration solution is diluted to 166 20 mL.

5.8  Control Standard - A quality control standard, containing all target
carbonyls/2,4- DNPHdinitrophcrrﬁhydrzzom complexes within the typical concentration range
of real samples, is analyzed to monitor th ision

updatc—da-rl-y—contmi—dncrts- The control standard may be prepared by batch mlxmg old

Date of Release: 10/20/95; 15-day changes
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6.

samples and stirring for 24 hours. All target compounds except acrolein have been found to be
stable in the control standard. Commercial standards are also available for these compounds.

PROCEDURE

6 1—1— For sysjge s collecting the sampl@s via impingers, aAn absorbing solution is prepared by

dissolving 0.11 -0.13 grams of recrystallized DNPH in 1 titer-L} of HPLC grade
acetonitrile. The absorbing solution should be prepared at least every two weeks. Each batch
of acetonitrile used in this procedure is checked for oxygenated impurities by adding it to a
a&dttxmrof contammant—free dxlute soluuon of DNPH and analyzing by ed-inthe HPLC,

. 6.1.12. In the laboratory, pipette 15 mL of the DNPH' absorbing solution into each of the 30

mL midget impingers for each emission test. Add 0.1 mL of 2.85 N SUIfUI’lC acidor 0.15 m
of 3.8M perghlgng acid to each i impinger.

6.4

{aboratory Af;e_r samplmg At—tl're-}aboratory- uncap and place a,ﬂ t’ne 1mp1ngers a:rrd—the—ﬁe}&
biank-tmpinger in preheated water at 70-80°C for 30 minutes (min) to complete derivatization.
Heating is not.r hen rchlori

6.3.1 For samphing-with cartridges, remove the caps and extract with 5 mL acetonitrile,
running the extract into glass storage bottles.

Remove the impingers from the water bath and cool to room temperature. Replace any lost

. solvent by adding acetonitrile to the 15 mL mark.

Replacing 1 [

Date of Release: 10/20/95; [5-day changes
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6.5

6.6

Transfer the solution from each impinger/cartridge to glass vials and seal with new septum
screw caps. '

Place the vials containing blank, working standard, control standard, and samples into the - |

autosampler for subsequent injection into an HPLC,_Suggested standard operating conditions

for the HPLC are: -configured-as—fottows:
Primary System: '
Columns: - 4.6 mifitmeters{mmj ID x 250 mm x 1/4 inches OD Dupont Zorbax

ODS two columns in series, Guard column - 2 ¢m long packed with C18
5 pm pellicular

1 m re. 40°
Detector: UV/VIS at 360 manmomreters nm
Sample volume: 20 10 mitcrotiters ul
Solvent A: =~ .  acetonitrile _
Solvent B: 10 percent (volume/volume) methano! in water
Flow: 1 mL/min '
Program - - 50 percent A, 50 percent B (' (initial time)

65 percent A, 35 percent B 0 to 52 min
- 100 percent A, 0O percent B -5 2 to 35 22 min
. 50 percent A, 50 percent B 35 22 to 36 37 min

S6percentA; 50 pereent B—36-to46—"¢hotd)

Columns: Delta Bond AK 4 6 mm ID x 200 mm x 1/4 in OD k

column, Guard column - 2 ¢m long packed with C18 5 ym pellicular -
lumn temperature: 4Q0° :
Detector; VIS nm
Sample volume: 10 4L
Solvent A; purified water
Solvent B: acetonitrile
Flow:. 1.5 ml/min
Program - 65 percent A, 35 percent B (initial time}

Date of Release: 10/20/95; 15-day changes
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This secondary system is not used to report all compounds because formaldehyde tends to coglute with

a non-carbonyl compound, If this coelution is resolved, the secondary system may be used alone to

analyze all carbonyl compounds. The tolualdehyde isomers, however, are not separated with this

- configuration. The reporting of tolualdehyde is addr@ssgi_ in Section 7.4,

6.7

6.8

7.1

7.2

Mass

74

sumple

Data System: The outputs from the UV/VIS detector are sent to a PC-controlled data
acquisition system.’

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

The LaLgQLQa_b_o_yl peaks at or above the nmmnunraﬁowab’:c—lnnﬁnfdctcctm LD_ are

CALCULATIONS

For each target carbonyl, the carbonyl mass is calculated from its

carbonyl/2, 4—d'initrophcnyﬂ'rydrazmc DNPH mass.

The mass of each carbonyl compound pg per PmkE i 1mp1nger or cartridge, is determined by
the following calculation:

Peak Area,,;. x Response Factor x Impmger (or Cartridge) volume(mL) x B

where B is the ratio of the molecular weight of the carbonyl compound to its
2,4-dinitrophenylhydrazone derivative and where the response factor (RF) for each carbonyl is
calculated during the calibration by:

necentrati smmﬂ_[nmis_ug_Z,JP_spgc_csLm_l_

Peak Area, .4

An internal standar hod m 1

Date of Release: 10/20/95; 15-day changes
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8.1

8.2

8.3

8.4

8.5

QUALITY CONTROL

Reagent Blanks. The solvents used are of the highest HPLC grade and are checkedat—Tteast

daity-fortmpurities-by conducting blankamatyses: rim lotn r
i _If this lot number i n le, (no carbonyls pr neentration
r above the LOD), daily blank analysisis n rform

nyl/2,4-DNPH ' . Purity. The carbonyl/ 2,4-dinitrophenythydrazones

DNPHs are checked for purity by their melting points and their chromatograms (See Table F-

1). Analysis of the solution of carbonyl/2,4-DNPH phenylthydrazome must yield only the peak
of interest. No contaminant peaks abgye_]; e L.OD should be Qbse_mg}

Calibration Run One run of the calibration standard is performed atieast daily to generate the

_espgnse catibration factors needed for quantifying sample analyses.

Control Standard Run. One run of the quality control standard is performed at-teast daily after
the calibration run. Measurements of all compounds in the control standard, except acrolein,
must fall within the control limits before sample analysis may proceed. To rpeef this
requirement, it may be necessary to rerun the calibration and control standards, and mspect
and repair the HPLC.

Control Charts. A quality control chartfs) is are maintained for each component of the’
control sample, except acrolein. The control charts, used on a daily basis, establishes that the
method is "in- “stattsticat control.” The following describes how to construct a typical control
chart: ' :

[a—y

Obtain at least 20 daily control standard sampte results,
2. Calculate the average control standard sampte mean concentration and standard

: deviation(s) for the each target analyte, and
3. Create a control chart for the each target analyte by placing the concentration on
" the Y-axis and the date on the X-axis. Establish Praw an upper warning limit
and a lower warning limit at two standard deviations (2s) above and below the
average concentration. Establish Praw an upper control limit and a lower
control limit at three standard deviations (3s) above and below the average
concentration. '

The—centmi—samﬁeﬂnust*bc-”'imttm?‘—for The measured concentrations of all target analytes

contained in the control standard m ithin the control limits ("in-control"} for the sample
results to be considered acceptable. Due to the low variability of the carbonyl control standard

measurements, a # control standard sampte measurement is considered to be "out-of-control”

~when the analyzed value exceeds.gither the 3s limit, or the ran + 10% of the m

control measurement, whichever is greater, or if two successive control standard sampie
measurements of the same analyte exceed the 25 limit. No contro] requirements have bee
lished for acrolein it h n sh ver fim

Date of Releage: 10/20/95; 15-day changes
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8.6  Field Blanks, One field blank is analyzed for each set of impingers for each emission test.
One cartridge for each per batch number useq is analyzed as a field blank.

8.7 Aj_lﬂasj; Oone cartridge per batch is analyzed as a batch blank..

8.8  Duplicates. A duplicate analysis of one sample is performed at least on¢e a day. The relative
percent difference (RPD) is calculated for each duplicate run:

RPD(%) =

n duplicate and origi s x 100

Average of duplicate and original measurements -

For each compound, the allowable RPD depends on the average concentrahon level for the
duplicate runs, as shown in the following table ‘ -

Average Mgasurgment fQL Dup icate Runs

1to 10

10t0 20

20 to 50
Greater than 50

____O_ELE.DLGM_Z)
times LOD : 100 )

" . . ] 30
1t " o . 20
" " ’ | ) 15

If the results of the duplicate analyses do not meet these criteria for all target carbonyls, the

sample must be reanalyzed.

If the criteria are still not met, all sample results analyzed during

. the day from this instrument must be deleted and the samiples reanalyzed.

8.9 - Linearity. A multipoint calibration to confirm eheck—for instrument linearity is performed for

all target analytes

rymen fter makin ment modifications which can aff;

linearity, and at least once every year. sitx-months: 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), €ach above the LOD, eventy distributed over the range of
expected sample concentration hnmty—of—ﬂw—mstrumt Each concentration level is
- measured at least twice. A linear regression analysis is performed using concentration and
- aveérage area counts to determine regression correlation coefficient (r). The r must be greater
than 0.995 to be considered linear for one point calibrations.

8.10 Limit of Detection. The hmiitofdetection LOD for the target analytes must be determined for

new instruments, after making instrument modifications which can affect the 1. QD and at least

once per year. every-stxmonths. To make the necessary calculations, it is necessary to
perform a multipoint calibration consisting of at least. four "low" concentration levels, each

above the LOD. The LOD must be calculated using the following equation [Ref, 7] (Ref:

9:3):

Date of Release: 10/20/95; 15-day changes
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value of the y-intercept, m is the slope of the linear regression, § 18 the standard deviation of
at least five replicate determinations of the lowest concentration standard, and tis the t-factor
for 99 p@;gg t con dg nce for a Qng-sldgi ngrmal g{iausslg ) distri bui Q . The numb@r Qf

n 100
min Sitls

ﬁt—}casﬁhrcc-rcphcatcs-arc-rcquncd The lowest standard must be of a concentr aj;lg n_of at one
to five tlmes the est1mated Q &ctcctron—hmrt Hﬂmmaﬂab%mﬁtmm
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8.10.1 The maximum allowable LOD is 0.06 pug carbonyl derivative/mL. The calcul
labor LOD m auial r lower than the maximum all le LOD, All peak
identified as target compounds that are equal to or exceed the maximum allowable LOD mus

be reported. If the calculated laboratory LOD is less than the maximum allowable LOD, the
laboratory may choose to set its reporting limjt at either the maximum allowable LOD or the
leulated 1 LOD |

10.2 For f calculating th f all 1 ncentration h
mpoun 1 he L nsider ZErQ, -
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2.1

Part G

DETERMINATION OF NMOG MASS EMISSIONS

INTRODUCTION

Normethancorganicgases {NMOG) mass emissions consist of non- methane hydrocarbons

and oxygenated hydrocarbons.
11 definition bbreviati I orth in ix 2 of th DI
NMOG WEIGHTED MASS EMISSIONS

NMOG weighted mass (wm) emissions shall be cal¢culated as follows: '

 NMOG,. = EINMHC,, + SROH,, + ZRHO,,

" Non-methane hydrocarbon weighted mass emissions (NMHC,,,) can be determmed by either

ffame-tonizationdetection(FIDY or gaschromatography<GCy. If the FID method is used to
calculate NMHC,,,,, refer to Part B of these test procedures entitled, "Determination of
Non-Methane Hydrocarbon Mass Emissions by Flame Ionization Detection." If the GC
method is used to calculate NMHC,,, refer to the section 3, "Speciated Hydrocarbon Mass
Emissions Calculation" section contained herein. Carbonyl weighted mass emissions (RHO,,))
are to be calculated according to the section 5 "Carbonyl Mass Emissions Calculation” sectror
contained herein. For alcohol fueled vehicles, alcohol weighted mass emissions (ROH,,, ) are
to be calculated accordmg to the section 4 “Alcohol Mass Emissions Calculation" section

‘contained herein.

Date of Release: 10/20/95; 15-day changes
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1.1

2.1

2.2

3.1

4.1

3. SPECIATED HYDROCARBON MASS EMISSIONS CALCULATION

INTRODUCTION

Vehicular exhaust emissions are measured according to the Federal-Fest Procedure FTP [Ref,
11 ¢8. For each of the three phases of the FTP, a tedlar bag of 0.5 ft* capacity is used to
collect a dilute exhaust sample. A fourth 0.5 ft3 tedlar bag is used to collect a composite

- dilution air (background) sample from all three phases of the FTP. All bag samples are

analyzed according to Method No. 1002 (P (Part D of these test procedures) and Method No.
1003 (Part E of these test procedures) to determine the dilute exhaust and dilution air

concentrations of individual hydrocarbon compounds. The measured hydrocarbon compound
concentrations are used in the following equatwns to calculate the we1ghted mass emissions of
each hydrocarbon compound :

HC MASS EMISSIONS CALCULATION PER TEST PHASE

HC = (HC, . * HCy,e * VMIX * 10°° )/ (Carbon No.)

mass o

HC, = - HC, -HC, *(1-(1/DF))

conc

NOTE: If HC,,, is calculated to be less than zero, then HC_, = 0.

WEIGHTED IIC MASS EMISSIONS. CALCULATION

. (Hcmnssl + Hcl.nnss 2 ) | (Hcmass 3 + Hcmassz )
HC,, = 0.43* | | + 0.57% |
(Dp'hasr. 1 + Dphas‘cZ ) : . (Dphasc‘j + Dphzi's‘éZ )
SAMPLE CALCULATION

Exhaust emissions from a gasoline vehicle are collected in three dilute exhaust sample bags and
one dilution air (background) sample bag during the FTP. Gas chromatography is used to
determine the benzene concentration of each bag sample. Calculate the weighted benzene
mass emissions based on the following data:

Date of Release: 10/20/95; 15-day changes
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HC ="

Tt | HC, |HC, |FID |[CH, [CO, |COm |R (%) |VMIX |Dp,
Piase | opbC) | (pbC) | THC, | GomC) | (%) | (ppm) (| (mile)
(ppmC)
1 500 25 98 6 1.20 | 280 28 2846 | 3.584
2 100. |25 22 4 0.95 87 25 4854 | 3.842
L3 120 25 29 5 1.07 ] 101 24 2840 | 3.586
For Phase 1:
DF = 13.47 / [CO,, + (NMHC, + CH,. + CO,)*10%]
{see section ﬁ-, DF Calc.)
NMHC, = FID THC, (rCH * CHac )
= 98 ppmC - (1. 04*6pme) '
= 92 ppmC
CO = (1-(0.01 +0.005*HCR)* CO, -0.000323 *R,)* COy

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, .

DF =

coae

(1 -(0.01925) * 1.2% - 0.000323 * 28%) * 280 ppm
271 ppm ‘

13.47 / [1.2% + (92 ppmC + 6 ppmC + 271 ppm) *10*]
10.89

- (HC; *(1-(1/DF))

‘500 ppbC - (25 ppbC * (1 - (1 /H—B%_Q&)))

477 ppbC

Mol. W. of CgH, = (6 * 12.01115) + (6 * 1. 00797)

HC

dc:ns=

Hcmass n =

mass 1

78.11472 g/mole

(Mol. Wt. * conversion of liter to ft* ) / (Mol. Vol.)
(78.11472 g/mole * 28.316 liter/ft* ) / 24 055 liter/mole
91.952 g/t

(HC.,,. *HC,, * VMIX *10° )/ (Carbon No.)

20.8 mg

Date of Release: 10/20/95; 15-day changes
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Similarly, for Phase 2: HC,. = 5.7mg

mass

an'd for Phase 3: = " HC s = 4.2 mg
Therefore,
) L (Hcmnss 1 + Hcmass2 ) | (Hcmass 3 + Hcmss 2 )
HC,, = 0.43 * + 0.57* :
. . (Dphaéol + Dphascz) (Dphasc3 -+ DphaScZ )
(20.8 mg +5.7mg) 4.2mg + 5.7mg)
HC,, = 0.43 * + 0.57%* _ o
(3.584 mile + 3.842 mile) (3.586 mile + 3.842 mile )
HC,, = 2.3 mg/mile (benzene weighted mass emissions)

Date of Release: 10/20/95; 15-day changes ) _
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4. ALCOHOL MASS EMISSIONS CALCULATION

1. INTRODUCTION

1.1 Vehicular emissions are measured according to the FederatTestProcedure—(FTPI[Ref. 11 1.
For each of the three phases of the FTP, a set of two impingers is used to collect alcohol
emissions in the dilute exhaust. A fourth set of two impingers is used to collect a composite
dilution air (background) alcohol sample from all three phases of the FTP. All impingers are

" analyzed according to Method No. 1001 to determine the alcohol concentration in each
~ impinger. The measured alcohol concentrations are usedin the following equations to
calculate the weighted mass emissions of alcohol compounds.

2. ALCOHOL MASS EMISSIONS CALCULATION PER TEST PHASE

’2.1 | RQHmassn = (ROH,,,. *ROH,, * VMIX * 10 ) / (Carbon No.)‘
2.2 ROHcm _ = ROH, - (ROH, * (1 - (1 / DF)))
- NOTE: IIf ROI_-Imc is calculated to be less than zero, then ROH,,,, = 0. |
03 ROH, = (.‘Ima.ss‘c / Tvol, ) ] (Mol. Vol. / Mol. Wt.) |
2.j4 Imass, = (Iconc,; ++ Iconc, ) * Denspoy * Ivol,
2.5  Ivol, = Ivol, . Giemp,— 293362 (760-mmHg+ Py )
(293.16°K_/ Jtemp)) * (P, /760 mm He)
2.6 l'QOHd = (Imass, / I{/old) * (Mol. Vol. / Mol. Wt.)
2.7 . Tmass, = (Iconc,, + Iconcy, ) * Densgoy * Ivol,
2;8 Ivol, - = Ivol,, * Gtemp,~2933+6"K)*HF60-mmHg+P5)

(293,16° K./ Ifemp,) * 1P_B [ 760 mm Hg )

3. WEIGHTED ALCOHOL MASS EMISSIONS CALCULATION

' (ROHmassl + ROHmassZ ) momass3 + ROHmassZ)
ROH,, = 043% + 057

.(Dphase] + Dphase.?. ) (Dphase3 + prasel )

Date of Release: 10/20/95; 15-day changes
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4. SAMPLE CALCULATION

4.1  Alcohol emissions from an M85 fueled vehicle are collected in three sets of dilute exhaust
impingers and one set of dilution air impingers during the FTP. Gas chromatography is used
- to determine the methanol concentration in each impinger. Calculate the weighted methanol
mass emissions based on the following data:

Test Ivol, | Iconc,, | Icone, | Ivol, | Iconc, | Iconcy, | Ivoly, | Itemp, | Itemp,
Phase | D) | Gpm©) | epmc) | (liter) . | gpmC) | @pmc) | (iter) | CK) | ¢K)

1 15 [224 005 [390 007 |o0.01 13.50 | 295 294
2 15 1029 (006 [6.50 1|0.07 0.01 13.50 | 297 | 204
3 15 032 ]0.02 1400 |007 [0.01 |13.50 |208. |204
Test | FID CH, [(CO, |CO, |R, VMIX | Dyusen | Ps HCHO,
Phase | THC, | (ppmC) | (%) (ppm) | (%) | (@) | (mile) | @mHp | (ppm) "
(ppmC) | :
1 82 9 1.5 250 30 2834 . [ 3.581 | 760 0.81
2 19 5 107 20 |32 | 4862 |3.845 | 760 0.09
3 22 6 0.8 32 .29 2835 {3.583 | 760 0.10
For Phase 1: , . , )
Imass, = (Iconc,; + Iconc,, ) * Densgyy * Ivol,
= (2.24 ppmC + 0.05 ppmC) * 0.7914 g/mL * 15 mL * 10° ,ug/g
= 27.2 ug
Mol. Wt. of CH,OH = (1 * 12.01115) + (4 * 1.00797) + (1 * 15.9994)
= 32.0428 g/mole
Ivol, =  Ivol, * (ltemp,—~293+6*K)y=(760:mmHe/ Py
293/16° K / Itemp ) * (Py /760 mm Hg)
= 3.90 liter * 295°K+203-16°K) (293.16°K / 295° K) *
(760 mm Hg'/ 760 mm Hg)
= 392 3.88 liter
ROH, = (Imass, / Ivol, ) * (Mol. Vol. / Mol. Wt.)
= (27.2*10° g / 3-92 3.88 liter)*(24.055 liter/mole / 32.0428 g/mole)
= 520 5.27 ppmC

Date of Release: 10/20/95; 15-day changes )
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DF

Imass; = (Iconcy; o+ Iconcdz) * Densggy * Ivol,
(0.07 ppmC + 0.01 ppmC) * 0.7914 g/ml * 15 ml * 10° ,ug/g
0.95 ug

Ivol, = Ivol,, * &tempn—/—EQST}éﬁ—I{—)—Lf?ég—mm—Hg—:LPﬁ-)
- (293.16° K/ Itemp, ) * ( Py / 760 mm Hg)
= 13.50 11ter*@94—¥%%9—3—1—6°—K~)[293.1§°K[294 5)
(760 mm Hg / 760 mm Hg)

= 1354 13.46 liter
ROH, = (Imass,. / Ivoly ) * (Mol. Vol. / Mol. Wt.) '
= (0.95%10° g/ +3-5% 13.46 liter)*(24.055 liter/mole / 32.0428 g/mole)
= 0.05 ppmC
DF = 12.02 / [CO,, + (NMHC, + CH,, + CO, + ROH + HCHO ) * 107 (see
section 6, DF Calc.)
NMHC, =  FID THC, - (fex, * CHe ) %C“”“ *ROH:)
= 82ppmC-(1.04 *9 pme) (0. 66 *5.27 ppmC)
73 69 ppmC '
’ COo, = (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, .
= (1 - (0.02705) * 1. 5% - 0.000323 * 30%) * 250 ppm
= 237 ppm

12.02

1.5% + (73 62 ppmC + 9 ppmC + 237 ppmC + 5-36 3.27 ppmC + 0.81 ppm) * 10%

= 785 7.84
ROH,,. = ROH, - (ROH, * (1 - (1/ DF)))
526 5.27 ppmC - (0.05 ppmC * (1 - (1 / 7.84)))
515 3.23 ppmC
ROHdG,;s = (Mol. Wt. * conversion of liter to ft* ) / (Mol. Vol.)
= (32.0428 g/mole * 28.316 liter/ft ) / 24.055 liter/mole
= 37.719 g/ft

ROH,..,= (ROH,, *ROH,, *VMIX *10° )/ (Carbon No.)
ROH_,., = (5-155.23 ppmC *37.719 g/f® * 2834 f* * 10° )/ 1
= §550356 ¢

Date of Release: 10/20/95; 15-day changes _
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Similarly, for Phase 2:

ROHmass 2
and for Phase 3:
ROH

mass 3

Therefore,
ROH,,, =
ROH,,, =

ROH,y, =

Date of Release: 10/20/95; 15-day changes
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= 0.08g "
= 667008 ¢
- (ROHmassl + ROHmassZ) | | _ (ROHma553 + ROHmassZ)
0.43 * _ + 0.57%
(D Phuse l. + Dph.nsc?.) (Dpimse,S + Dphase2)
(6-55 0.56 mg + 0.08 mg ) (6-67 .08 mg + 0.08 mg)
0.43 * + 0.57* '

(3.581 mile + 3.845 mile) (3.583 mile + 3.845 mile )

0.05¢g (meth.anol weighted mass emissions)
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5. CARBONYL MASS EMISSIONS CALCULATIONS

1.  INTRODUCTION

1.1  Vehicular emissions are measured according to the Federat-TestProcedure—(FTP)[Ref. 1] (5.
For each of the three phases of the FTP, a set of two impingers (or cartridges) is used to
collect carbonyl emissions in the dilute exhaust. A fourth set of two impingers (or cartridges)
is used to collect a composite dilution air (background) carbonyl sample from all three phases

“of the FTP. All impingers (or cartridges) are analyzed according to Method No. 1004 to
determine the mass of individual carbonyl compounds in each impinger (or cartridge). The -
measured carbonyl masses are used in the following equations to calculate the welghted mass
emissions of each carbonyl compound

-2 CARBONYL MASS EMISSIONS CALCULATION PER TEST PHASE

2.1 RHO_,,= (RHO,,

COﬂC

* RHO,,,, * VMIX * 10° )

22 RHO,, = RHO, -(RHO, *(l1-(1/DF)) -
NOTE: If RHO,., is calculated to be less than zero, then RHO,,,. = 0.

23 RHO, = - (lmass, /Ivol, ) * (Mol. Vol. / Mol. Wt.)
24 Ivol, = - Ivol, * @temp,~29316"K)*(F66-mmHeg+Py)
: (293.16°K / Itemp, ) * (Py / 760 mm Hg)
| 2.5 RHO, = (Imass, / Ivol, )%(Mo1 Vol. / Mol: Wt.)
26 Twol, =  Ivoly, &Eemp—/—%%—l—é—l{—)if?ée—mﬁa—l-}gﬂ’—P
‘ (293, 16°K / Ifemp, ) * B[ 760 mm Hg)

3. WEIGHTED CARBONYL MASS EMISSIONS CALCULATION

. - (R'H:Omz.ss 1 + RHOmassZ ) | (RHOmass 3 + RHOmass 2 )
RHO = 0.43 % + 0.57* A
A (Dphascl + Dphascl ) (Dphase 3 + Dphach )

4.  SAMPLE CALCULATION

4.1  Carbonyl emissions from a comprcsscd-na‘ttrra:l—gar(CNG) vehicle are collected in three sets of .
dilute exhaust 1 1mp1ngers and one set of dilution air impingers during the FTP. Hagh
HPLC is used to determine the formaldehyde mass in each
impinger. Calculate the weighted formaldehyde mass emissions based on the following data:

Date of Release: 10/20/95; 15-day changes :
Board Hearing: 9/28/95 G-9



Test | Ivol, | Imass, | Ivol, Imassd' Ivol,, Itefnp, Itemp,

Phase | (mL) | @2 (liter) | ¢up) (liter) | C°K) (°’K)

1 15 245 | 849 |0.17 |31.57 | 295 - {292

2. |15 076 |1455 {017 [31.57 |298 |29 .

3 15 o064 | 400 |0.17 3157 [208 |20
Test |FID |[CH, |CO, |CO, |R, VMIX | Dyeon | Ps
Phase | THC, | GpmC) | (%) | (pm) | (%) | ) | (mile) | (mmHe
1 /132 108 |09 |8 |68 |2866 |3.581 |760
2 4 3 |01 4 67 14841 |[3.845 | 760
3 2 | 9 {05 |5 65 | 2837 |3.583 | 760

For Phase 1;

Mol. Wt. of HCHO = (I * 12.01115) + (2 * 1 00797) + (1 * 15. 9994)
= 30.0268 g/mole

Ivol,, * ermpa—:‘—iﬁﬁ;—lré“—lé)—&%—mfﬂ—l-}g—f—Pﬁ-)
293/16° K / Ttemp, ) * (P /760 mm Hg)

= 8.49 liter ¥ 295" K+20316°K)y (293.16° K / 205° K) *
(760 mm Hg / 760 mm Hg)
= 854 8.44 liter

Ivol,

RHO, =  (Imass, / Ivol, ) * (Mol. Vol. / Mol. Wt.)
. (2.45%10° g / 854 .44 liter)*(24. 055 liter/mole / 30.0268 g/mole)
= 236 _3_3 ppb

Ivol;, = Ivoly, * temp,~29316" K 2-F60-mmHeg /P
(293, 16°K / Ttemp, ) * (P / 760 mm Hg)
== 31.57 liter * @292°K+29316°K) 293.16°K [ 292° K) *
(760 mm Hg / 760 mm Hg)
= 3453170 liter

|

RHO, =  (Imass, / Ivol, ) * (Mol. Vol. / Mol. Wt.)
= (0.17*10° g /3445 31,70 liter)*(24.0535 liter/mole / 30.0268 g/mole)

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95 G-10



= 4 ppb |
DF = 9.77 / [CO,, + NMHC, + CH,, + CO, ) * 107 (see section 6, DF Calc.)

NMHC, = FIDTHC, - (fcy, * CHe )
= 132 ppmC - (1.04 * 108 ppmC)
= 20 ppmC

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, .

= (1 - 662960 002890 * 09%-0000323*68%)*8ppm

= 7.6 ppm
DF = 9.77 /[0.9% + (20 ppmC + 108 ppmC + 7.6 ppm) * 10“
' = 10.69
RHO,. = RHO, - (RHO, *(I - (1/DF)))
= 239233 ppb- (4334 ppb*(l-(1/1069)))
= 226 229 ppb -
RHO, . = (Mol Wt. * conversion of liter to ft* ) / (Mol. Vol.) -
= (30.0268 g/mole * 28.316 liter/ft’ ) / 24.055 liter/mole
= 3535 gift

RHO_,...= (RHO,, *RHO,, * VMIX *10° )
RHO,,..; = (226229 ppb * 35.35 g/ft’ * 2866 ft3 *10°)
= 229232 mg

Similarly, for Phase 2:
RHOmass 2 = ﬁ 6—'-6 mg
and for Phase 3: )
RHO, 3= 122 127 mg

Therefore, ‘

(RHOmassl + RHOmassZ) (RHOmSSBI + RHOmassZ)
RHO, .= 0.43 * + 0.57*

(Dphascl + Dphach) (Dphasc.?: + Dphach')

(229 23.2 mg + 63 6.6 mg ) (22127 mg + 63 66mg)

RHO,,, = 043 + 057% | S

(3.581 mile + 3.845 mile) (3.583 mile + 3.845 mile )

RHO,, = 37t 3.2 g (formaldehyde weighted mass emissions)

Date of Release: 10/20/95; 15-day changes
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6. DILUTION FACTOR CALCULATION

1. DILUTION FACTORS
1.1 For Non-Alcohol Fueled Vehicles;

W0*_. . x
X+ y/2+376%(x +y/4-22)

1.1.1 DE =

C0,, + (NMHC, + CH,, + CO, ) *10* .
(where fuel composition is C.H O, as measured for the fuel used.)

1.1.2 €O, =  (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) For gasoline, CH, ,; , where x = 1, y=1.85andz = 0:
DF = 13.47/ [CO,, + (NMHC, + CH,, + CO, ) * 10*
- CO, = (1-0.01925 * CO,, -0.000323 *R,) * CO,,

b For Phase 2 gasoline, CH, ,,, where x = 1, v=194and z = (0.017,
DF = 13,29 /[CO, + (NMHC_+ CH, + CO_) *10*

CO, = (1-0.01970 * CO, - 0.000323 *R) * CO,,

bc)  For LPG, CHMM, where x =1, y = 2—662.5&, z=0:
DF = 164 11.68 / [CO,, + (NMHC, + CH,, + CO, ) * 10*
CO, = (1 -6:62336 002320 * CO,, -0.000323 * R) * CO,,

ed)  For CNG, CHygqzzy , Where x = 1, y = 3:80 3.78, and z = 0.016:
DF = 5:779.83 /[[CO,, + (NMHC, + CH, + CO, ) * 10*]
CO, = (1 -6:62960 0.02890 * CQ,, -0.000323 *R,) * CO,,

1.2 For Alcohol Fueled Vehicles:

100 * _ X
Cx+yR2+3.76*%(x + yld-2/2)

12.1 DE =

CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 10*
* (where fuel composition is C,H,O, as measured for the fuel used.)

Date of Release: 10/20/95; 15-day changes
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1.2.2 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) For M100 (100% methanol), CH,OH, wherex = 1,y = 4, and z = L:
DE = 11.57/ [CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 107
CO, = (1-0.03000 * CO,, -0.000323 *R,) * CO,,

b) For M85 (85% methanol, 15% indolene), CH, 40y, , where x = 1,y = 3.41, '
and z = 0.72:
DF = 12.02/[CO, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 104
CO, = (1-0.02705 * CO,, - 0.000323 *R, ) * CO,, .

¢) For E100 (100% ethanol), C,H;OH, wherex = 1,y = 3, andz = 0.5:

- DF = 12.29/[CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 104

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

Date of Release: 10/20/%3; 15-day changes
Board Hearing: 9/28/95 . G-13



Aftachment APPENDIX 1

| , LIST MP o
| ~ Alcohols |

7-56-1 ~ methanol | | 0.56

00064-17-5 ethanol - ) B " 3
Light End and Mid-Range Hydrocarbons
(Listed in approximate elution order)

00074-85-1 ethene . 7.29
00074-86-2 ethyne | Q50
00074-84-0 ethane 0.25
00115-07-1 propene 9.40
00074-98-6 propane 0.48
.00463-49-0 1,2-propadiene - 10.89
00074-99-7 1-propyne 4.10
00075-28-5 Z-methylpropane 121
00115-11-7 2-methylpropene 531
00106-98-9 1-butene 8.91
00106-99-0 1,3-butadiene 10.89
00106-97-8 n-butane 1.02
00624-64-6 trans-2-butene 9.94
00463-82-1 2,2-dimethylpropane 0.37
00107-00-6 1-butyne 9.24
00590-18-1 cis-2-butene 9.94
00563-45-1 3-methyl-1-butene 6.22
00078-78-4 2-methylbutane 1.38
00503-17-3 2-butyne 9.24
00109-67-1 I-pentene 6.22
00563-46-2 2-methyl-1-butene 4.90
00109-66-0 n-pentane 1.04
00078-79-5 2-mehtyimethyl-1,3-butadiene 9.08
00646-04-8 trans-2-pentene ‘ 8.80
00558-37-2 3,3-dimethyl-1-butene 4,42
00627-20-3 cis-2-pentene - 8.80
00689-97-4 I-buten-3-yne 9.24
00513-35-9 2-methyl-2-butene 6.41
00542-92-7 1,3-cyclopentadiene 7.66
00075-83-2 2,2-dimethylbutane 0.82
00142-29-0 cyclopentene 71.66
00691-37-2 4,42

4-methyl-1-pentene

Date of Release: 10/20/95; 15-day chapges
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CAS#

00760-20-3
00287-92-3
00079-29-8
01634-04-4

00691-38-3

00107-83-5
00674-76-0
00096-14-0
00763-29-1
00592-41-6
00110-54-3
13269-52-8
07642-09-3
- 04050-45-7
00616-12-6
00625-27-4
01120-62-3
07688-21-3
00637-92-3
00922-62-3
00590-35-2
00096-37-7
00108-08-7

. 00464-06-2

07385-78-6
00693-89-0
00071-43-2
03404-61-3
00562-6849-2
00110-82-7
00591-76-4
00565-59-3
00110-83-8
00589-34-4
02532-58-3
00617-78-7
00822-50-4
00592-76-7
00540-84-1
14686-14-7
00142-82-5

COMPOUND

3-methyl-1-pentene
cyclopentane
2,3-dimethylbutane
1-methyl-tert-butyl-ether
4-methyl-cis-2-pentene
2-methylpentane
4-methyl-trans-2-pentene
3-methylpentane
2-methyl-1-pentene
1-hexene

n-hexane

‘trans-3-hexene

cis-3-hexene
trans-2-hexene °
3-methyl-trans-2-pentene
2-methyl-2-pentene
3-methylcyclopentene
cis-2-hexene
1-ethyl-tert-butyl-ether
3-methyl-cis-2-pentene
2,2-diméthylirexanepentane
methylcyclopentane
2,4-dimethylpentane
2,2,3-trimethylbutane
3,4-dimethyl-1-pentene
1-methylcyclopentene
benzene
3-methyl-1-hexene
3,3-dimethylpentane
cyclohexane
2-methylhexane
2,3-dimethylpentane
cyclohexene
3-methylhexane
cis-1,3-dimethylcyclopentane

~ 3-ethylpentane

trans-1,2-dimethylcyclopentane
1-heptene
2,2,4-trimethylpentane
trans-3-heptene

n-heptane

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95
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CAS #

COMPOUND

- 02738-19-4 2-methyl-2-hexene 3.53
03899-36-3 3-methyl-trans-3-hexene 3.53
14686-13-6 trans-2-heptene 5.53
00816-79-5 3-ethyl-cis-2-pentene 3.53
00107-39-1 2,4,4-trimethyl-1-pentene 2.69
10574-37-5 2,3-dimethyl-2-pentene 3.53
06443-92-1 cis-2-heptene 553
00108-87-2 methylcyclohexane 185
00590-73-8 2,2-dimethylhexane -1.20
00107-40-4 2,4,4-trimethyl-2-pentene . - . 2.28
01640-89-7 ethylcyclopentane 2.31 .
00592-13-2 2,5-dimethylhexane 1.63
00589-43-5 2,4-dimethylhexane - 1.50
00563-16-6 3,3-dimethylhexane 1.20
00565-75-3 2,3,4-trimethylpentane 1.60
00560-21-4 2,3,3-trimethylpentane 1.20
00108-88-3 toluene 2.73
00584-94-1 2,3-dimethylhexane 132
00592-27-8 2-methylheptane 0.96
00589-53-7 4-methylheptane 1.20
00589-81-1 3-methylheptane 0.99
15890-40-1 tets=2=trams(1a,2a,3b)-1,2,3- -trimethylcyclopentanel, 94
00638-04-0 ¢is-1,3-dimethylcyclohexane 1.94
02207-04-7 trans-1,4-dimethylcyclohexane 194 .
03522-94-9 2,2,5-trimethylhexane . 097 .
16747-50-5 cis-1-methyl-3- g];hylgyg opentane : - 1.94
00111-66-0 I-octene . 2,69
14850-23-8 trans-4-octene ' o529
00111-65-9 n-octane _ | Q.61
13389-42-9 trans-2-octene , o 5.29
02207-03-6 trans-1,3-dimethylcyclohexane - L94 -
07642-04-8 cis-2-octene © 529
01069-53-0 2,3,5-trimethylhexane - 114
02213-23-2 2,4-dimethylheptane 1.34
02207-01-4 cis-1,2-dimethylcyclohexane 1.94
01678-91-7 ethylcyclohexane 1.94
00926-82-9 3,5-dimethylheptane 1.14
00100-41-4 ethylbenzene 2.0
03074-71-32 2,3-dimethylheptane Ll14
00108-38-3 m-&p-xylene - 7.64
02216-34-4 4-methyloctane 114

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95 o -3



CAS #

03221-61-2
02216-33-3
00100-42-5
00095-47-6
00124-11-8
00111-84-2
00098-82-8

15869-87-1

04032-94-4
00103-65-1
00620-14-4
006226-96-8
. 00108-67-8
00611-14-3
00095-63-6
00124-18-5
00538-93-2
00135-98-8
00535-77-3

005726-73-8

00099-87-6
00496-11-7
00527-84-4
00141-93-5

00105-05-5

01074-43-7
01074-55-1
00135-01-3
01074-17-5
01758-88-9
00874-41-9
00934-80-5
02870-046-4
01120-21-4
00933-98-2
00095-93-2
(03968-85-2
00527-53-7

00488-23-3
00538-68-1

Darte of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95

COMPOUND

2~methyloctane
3-methyloctane
styrene(ethenylbenzene)

o-xylene

1-nonene -

n-nonane
(1-methylethyl)benzene
2,2-dimethyloctane
2,4~dimethyloctane.
n-propylbenzene -
1-methyl-3-ethylbenzene

~ 1-methyl-4-ethylbenzene

1,3,5-trimethylbenzene
1-methyl-2-ethylbenzene
1,2,4-trimethylbenzene

n-decane

(2-methylpropyl)benzene
(1l-methylpropyl)benzene
1-methyl-3-(1-methylethyl)benzene
1,2,3-trimethylbenzene.
1-methyl-4-(1-methylethyl)benzene
2,3-dihydroindene(indan}

1-methyl-2-(1-methylethyl)benzene -

1,3-diethylbenzene
1,4-diethylbenzene
1-methyl-3-n-propylbenzene
1-methyl-4-n-propylbenzene
1,2-diethylbenzene
1-methyl-2-n-propylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene
n-undecane(hendecane)
1,2-dimethyl-3-ethylbenzene
1,2,4,5-tetramethylbenzene
(2-methylbutyl)benzene

'1,2,3,5-tetramethylbenzene ,
2H38-21=201074-92-6 1-(1,1-dimethylethyl)-2-methylbenzene

1,2,3,4-tetramethylbenzene
n-pentylbenzene

1-4
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9.07
9.07 -
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- 0.42
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1.70
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- CAS #

00098-19-1
00091-20-3
00112-40-3

7-64-1
00123-38-6
00123-72-8

Date of Release: 10/20/93; 15-day changes

Board Hearing: 9/28/95

COMPOUND

1-(1,1-dimethylethyl)-3,5-DMbenzene
naphthalene o o
n-dodecane

1 ki 2- n

1-5
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List of hght—End-mrd—h&nﬂ—Range-Hydromrbm Compounds

00050-00-0
00620-23-5
00064-17-3
00066-25-1

7-56-1

7-64-1 -

00071-43-2
00074-84-0
00074-85-1
00074-86-2
00074-98-6

00074-99-7

00075-07-0
00075-28-5
00075-83-2
00078-78-4

00078-79-5 -

00078-85-3
00078-93-3
00079-29-8
00091-20-3
00095-47-6
00095-63-6
00095-93-2

00096-14-0

00096-37-7
00098-19-1
00098-82-8
00099-87-6
00100-41-4
© 00100-42-5
00103-65-1
00104-87-0
00105-05-5

00106-97-8 .

00106-98-9
"00106-99-0
00107-00-6
00107-02-8
00107-39-1

Date of Release: 10/20/95; 15-day changes
Board Hearing: 5/28/95

(Listed by CAS number)

formaldeh
m-tolualdeh
ethanol
hexanal
methanol
acetone

‘benzene

ethyane ethane

ethene

ethyne

propane

1-propyne
acetaldehyde
2-methylpropane
2,2-dimethylbutane
2-methylbutane
2-methyl-1,3-butadiene
methacrolein

methvl ethyl ketone (2-
2,3-dimethylbutane
naphthalene

o-xylene
1,2,4-trimethylbenzene
1,2,4,5-tetramethylbenzene

3-methylpentane

methylcyclopentane
1-(1,1-dimethylethyl)-3,5- d1methy1benzene
(1-methylethyl)benzene
1-methyl-4-(1-methylethyl)benzene
ethylbenzene

stryrene

n-propylbenzene

p-tolualdehyde

1,4-diethylbenzene

n-butane

1-butene

1,3-butadiene

1-butyne

acrolein

2,4,4-trimethyl-1-pentene

1-6



00107-40-4

00107-83-5

00108-08-7
00108-38-3
00108-67-8
00108-87-2
00108-88-3
00110-62-3
00109-66-0
00109-67-1
00110-54-3
00110-82-7
00110-83-8
00111-65-9
00111-66-0
00111-84-2
00112-40-3
00115-07-1
00115-11-7
00123-33-6
00123-72-8
00124-11-8
00124-18-5
00135-01-3
00135-98-8
00141-93-5
00142-29-0
00142-82-5
00287-92-3
00463-49-0
00463-82-1
00464-06-2
00488-23-3
00496-11-7
00503-17-3
00513-35-9
00526-73-8
00527-53-7-
00527-84-4
00535-77-3
00538-68-1
00538-93-2
00540-84-1
00542-92-7
00558-37-2

Date of Release: 10/20/95; 15~.day changes
Board Hearing: 9/28/95

2,4,4-trimethyl-2-pentene

- 2-methylpentane

2,4-dimethylpentane
mé&p-xylene
1,3,5-trimethylbenzene
methylcyclohexane
toluene
valeraldehyde
n-pentane
1-pentene
n-hexane
cyclohexane
cyclohexene
n-octane

1-octene

n-nonane
n-dodecane
propene '
2-methylpropene
butyraldehyde

. }-nonene

n-decane
1,2-diethylbenzene
(I-methylpropyl)benzene
1,3-diethylbenzene
cyclopentene
n-heptane

cyclopentane
1,2-propadiene
2,2-dimethylproparie
2,2,3-trimethylbutane
1,2,3,4-tetramethylbenzene
2,3-dihydroindene (indan)
2-butyne :
2-methyl-2-butenie
1,2,3-trimethylbenzene
1,2,3,5-tetramethylbenzené
1-methyl-2-(1-methylethyl)benzene
1-methyl-3-(1-methylethyl)benzene
n-pentylbenzene
(2-methylpropyl)benzene
2,2 ,4-trimethylpentane
1,3-cyclopentadiene

3,3-dimethyl-1-butene

1-7



" 00560-21-4
00562-49-2
00563-16-6
00563-45-1
00563-46-2
00563-78-0
00565-59-3
00565-75-3
00583-48-2
00584-94-1
00589-34-4
00589-43-5
00589-53-7
00589-81-1
00590-18-1
00590-35-2
00590-73-8
00591-76-4
00592-13-2
00592-27-8
00592-41-6
00592-76-7
00611-14-3
00616-12-6
00617-78-7
00620-14-4
00622-96-8

© 00624-64-6
00625-27-4
00627-20-3
00637-92-3
00638-04-0
00646-04-8
00674-76-0

. 00691-37-2
00691-38-3
00693-89-0
00760-20-3
00763-29-1
00816-79-5
00822-50-4
00874-41-9

. 00926-82-9
00933-98-2

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95

2,3,3-trimethylpertane
3,3-dimethylpentane
3,3-dimethylhexane
3-methyl-1-butene
2-methyl-1-butene
2,3-dimethyl-1-butene
2,3-dimethylpentane
2,3,4-trimethylpentane .
3.4-dimethylhexane
2,3-dimethylhexane
3-methylhexane
2,4-dimethylhexane
4-methylheptane
3-methylheptane
cis-2-butene

.2,2-dimethylhexane pentane
- 2,2-dimethylhexane

2-methylhexane

2,5-dimethylhexane

2-methylheptane
1-hexene

1-heptene ‘
1-methyl-2-ethylbenzene
3-methyl-trans-2-pentene
3-ethylpentane

* 1-methyl-3-ethylbenzene

1-methyl-4-ethylbenzene
trans-2-butene
2-methyl-2-pentene

‘cis-2-pentene

1-ethyl-tert-butyl-ether
cis-1,3-dimethylcyclohexane
trans-2-pentene
4-methyl-trans-2-pentene-
4-methyl-1-pentene

- 4-methyl-cis-2-pentene

1-methylcyclopentene
3-methyl-1-pentene
2-methyl-1-pentene
3-ethyl-cts-2-pentene
trans-1,2-dimethylcyclopentane
1,3-dimethyl-4-ethylbenzene
3,5-dimethylheptane
1,2-dimethyl-3-ethylbenzene

1-8



00934-80-5

fatalalalifalal

1,2-dimethyl-4-ethylbenzene

8\!774"\.’.&"3
01069-53-0
1072-05-
01074-17-5
01074-43-7
01074-55-1
01120-21-4
01120-62-3
01595-11-5
© 01634-04-4
01640-89-7
01678-91-7
1001758-88-9
02051-30-1
02091-95-6
02207-01-4
02207-03-6
02207-04-7
02213-23-2
02216-33-3
02532-58-3
02738-19-4
02870-04-4
03074-71-3
03221-61-2
03404-61-3
03522-94-9
03899-36-3
03968-85-2
04032-94-4
04050-45-7
4170-30-
06443-92-1
07385-78-6
07642-04-8
07642-09-3 .
07688-21-3
10574-37-5
13269-52-8
13389-42-9
14686-13-6
14686-14-7
14850-23-8
15869-87-1

Date of Release: 10/20/95; 15-day changes
Board Hearing: $/28/95
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2,3,5-trimethylhexane

~di 1 ne
1-methyl-2-n-propylbenzene
1-methyl-3-n-propylbenzene
I-methyl-4-n-propylbenzene

.n-undecane

3-methylcyclopentene
-m -2-n-butylbenz
I-methyl-tert-butyl-ether
ethylcyclopentane

ethylcyclohexane:

1,4-dimethyl-2-ethylbenzene

2,6-dimethyloctane-
2,2,5-trimethylheptane
cis-1,2-dimethyicyclohexane
trans-1,3-dimethylcyclohexane
trans-1,4-dimethylcyclohexane
2,4-dimethylheptane
3-methyloctane
coscis-1,3-dimethylcyclopentane
2-methyl-2-hexene
1,3-dimethyl-2-ethylbenzene

.. 2,3-dimethylheptane

2-methyloctane ,

3-methyl-1-hexene -

2,2,5-trimethylhexane

3-methyl-trans-3-hexene

(2-methylbutyl)benzene

2,4-dimethyloctane

trans-2-hexene

crotonaldehyde

cis-2-heptene .
3,4-dimethyl-1-pentene _ ;
cis-2-octene

cis-3-hexene

cis-2-hexene

2,3-dimethyl-2-pentene

trans-3-hexene

trans-2-octene

trans-2-heptene

trans-3-heptene .

trans-4-octene

2,2-dimethyloctane

1-9



15890-40-1 - foisetrans;
- (1a,2a,3b)-1,2,3-trimethylcyclopentane

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95 1-10



APPENDIX 2

DEFINITIONS AND COMMONIY USED ABBREVIATIONS

L
A h

ASTM

Carb(_)n No.

CH,0H,

CH,O0H,

CH:4d
CHdc

C,H,0H,

C,H,0H

=3

CO

CO

om

CO,,

CVS

]

iti in thi i !

American iety for Testin Material
number of carbon atoms in the hydrocarbon or organic compound

being measured.

the methanol concentration in the dilution air as determined from
the dilution air methanol sample using the procedure specified in
Method No. 1001, ppmC.

the methanol concentration in the dilute exhaust as determined
from the dilute exhaust methanol sample using the procedure

" specified in Method No. 1001, ppmC.

the methane concentration in the dilution air, ppmC.

the methane concentration in the dilute exhaust, ppmC.

the ethanol concentration in the dilution air as determined from
the dilution air ethanol sample using the procedure specified in
Method No. 1001, ppmC.

the ethanol concentration in the dilute exhaust as determined from
the dilute exhaust ethanol sample usmg the procedure spec1fied in
Method No. 1001, ppmC.

mpr ral

the carbon monoxide concentration in the dilute exhaust corrected
for carbon dioxide and water removal, ppm.

the carbon monoxide concentration in the dilute exhaust
uncorrected for carbon dioxide and water removal, ppm.

the carbon dioxide concentration in the dilute exhaust, %.

nstan lum mpler

Date of Release: 10/20/95; 15-day changes

Board Hearing: 9/28/95
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FID THC,

. FTP
GC/MS
HC,...

HC,

HC

-~ dens

HC,

Mass n

HC

Wi

[

Date of Release: 10/20/95; 15-day changes
Board Hearing: 9/28/95

the distance driven by the test vehicle on a chassis dynamometer
during test phase n (where n is either 1, 2, or 3), mile.

density of alcohol, g/mL.
dilution factor (see Dilution Factor Calculation).
me ionization T
the total hydrocarbon concentration: including methane and
methanol (for methanol-fueled engines) or ethanol (for

ethanol-fueled engines) in the dilution air as measured by the
FID, ppmC. »

 the total hydrocarbon concentration including methane and

methanol (for methanol-dueled engines) or ethanol (for ethanoi-
fueled engines) in the dilution exhaust as measured by the FID,
ppmC. ‘ '
Federal Test Procedur

hr L

hrm‘rh rom

~ net concentration of an HC compound in the dilute exhaust

corrected for background per test phase, ppbC.

composite concentration of an HC compound in the dilution air
(background) for all three test phases as determined from the
composite dilution air sample using the procedure specified in
Method No. 1002 and Method No. 1003, ppbC.

mass per unit volume of an HC compound corrected to standard
conditions ( 293.16° K and 760 mm Hg ) g/ft’ .

concentration of an HC compound in the dilute exhaust per test
phase as determined from the dilute exhaust sample using the
procedure specific in Method No. 1002 and Method No. 1003,
ppbC. '

mass emissions of an HC compound per test phase n (where n is

~either 1, 2, or 3), mg.

total weighted mass of an HC compound per mile, g/mile.

2-2



HCHO,
HCR
Iconc,,
Icor'lcc12

- Iconc,,
Ico'nc‘32

Imass,

Imass,

Itemp,
Itemp;

Ivol,

[

formaldehyde concentration in the dilute exhaust as determined

. from the dilute exhaust carboriyl sample using the procedure

specified in Method No 1004, ppm.
the hydrogen-to-carbon ratio for the fuel used.
high performance liquid chromatography

dilution air (background) alcohol concentration in the primary

- impinger for all three test phases as determined by the procedure

specified in Method No. 1001, ppmC.

dilution air (background) alcohol concentration in the secondary
impinger for all three test phases as determined by the procedure
specified in Method No. 1001 ppmC.

- _dilute exhaust dlcohol concentration in the primary impinger per

test phase as determined by the procedure spemfied in Method
No. 1001, ppmC.

dilute exhaust alcohol concentration in the secondary impinger
per test phase as determined by the procedure specified in
Method No. 1001, ppmC.

total mass of an alcohol or carbonyl compound collected from the
dilution air (background) in both primary and secondary
impingers for all three test phases as determined by the procedure
specified in Method No. 1001 (alcohol) or Method No. 1004
(carbonyl), ug.

total mass of an alcohol or carbonyl compound collected from the

- dilute exhaust in both primary and secondary impingers per test

phase as determined by the procedure specified in Method No.
1001 (alcohol) or Method No. 1004 (carbonyl), ug.

dllllthl‘l air temperature at the flowmeter inlet for i 1mp1nger
samphng, K.

dilute exhaust temperature at the flowmeter inlet for i 1mpmger
samplmg, K.

total volume of dilution air (background) bubbled through the

impingers for all three test phases corrected to standard

conditions (293.16° K and 760 mm Hg), liter.

Date of Release: 10/20/95; 15-day changes

Board Hearing: 9/28/95
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Ivol,,

Ivol,

Ivol,,
Ivol,
LOD

LPG

Mol. Vol

Mol. Wt.
NIST
NMHC

NMHC,,..

NMHC,

NMHCdcﬁs .

NMHC,

total volume of dilution air (background) bubbled through the
impingers for all three test phases as measured during testing,
liter. '

total volume of dilute exhaust bubbled through the impingers per

test phase corrected to standard conditions (293.16° K and 760

-mm Hg), liter.

total volume of dilute exhaust bubbled through the impingers per
test phase as measured during testing, liter.

- volume of the reagent used in an impinger, mL.

- limit of 101

li"iﬁ releum

molecular volume which is 24.055 liter/mole at standard

~ conditions (293.16°K and 760 mm Hg).

molecular weight of the compound being measured, g/mole.

jonal Instit f Standards and Technol

" non-meth hydr n

the non-methane hydrocarbdn concentration in the dilute exhaust
corrected for background; ppmC.

the non-methane hydrocarbon concentration in the dilution air
corrected for methane and alcohol removal, ppmC.

the mass per unit volume of non-methane hydrocarbon corrected
to standard conditions (16.33 g/ft’ at 293.16° K and 760 mm Hg
assuming a C:H ratio of 1:1.85 for gasoline; 16.78 g/ft® at
293.16° K and 760 mm HG assuming a C:H ratio of 1:1.94 for
Phase 2 reformulated gasoline; 19.52 g/ft® at 293,16° K and 760
mm HG assuming a C:H ratio of 1:3,78 for natural gas; and
17328 Jljﬁ g/ft® for LPG at 293.16° K and 760 mm Hg

“H ratio of 1:2.64), g/ft’ .

} non’—methane hydrocarbon concentration in the dilute exhaust

corrected for methane and alcohol removal, ppmC.

Date of Release: 10/20/65; 15-day changes

Board Hearing: 9/28/95
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mass n

NMHC -

NMHCwin =

E

[

cmHﬁoH =

RHO, =

conc

RHO, =

l

RHO

mass n

RHO,,, =

the rnass emission of non- methane hydrocarbon per test phase n

(where niseither 1,2, 0r3), g

_the total we1ghted mass of non-methane hydrocarbon per mile for
all three phases of the FTP, g/mile.

the relative humidity of the ambient air, %.
the FID response factor to methanol (see CFR 40, 86.121-90(c)).

the FID response factor to methane (see Part B, "Determination
of NMHC by FID").

the FID response factor to ethanol (same procedure for methanol

response factor, see CFR 40, 86.121-90(c)).

generic symbol representing a carbonyl compound such as -

formaldehyde; acetaldehyde, acetone, etc.

net concentration of a carbonyl compound in the dilute exhaust
corrected for background per test phase, ppm.

composite concentration of a carbonyl compound in the dilution
air (background) for all three test phases, ppm.

mass per unit volume of a carbonyl compound corrected to
standard conditions (293.16°K and 760 mm Hg), g/ft’. .

concentration of a carbonyl compound in the dilute exhaust per

. test phase, ppm.

* mass emissions of a carbonyl compound per test phase n (where n

is either 1, 2, or 3), g.

b

total weighted mass emissions of a carbonyl compound per mile,
g/mile.

Date of Release: "10/20/95; 15-day changes

Board Hearing: 9/28/95
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ROH = generic symbol repreéenting an alcohol compound such as
- methanol or ethanol.

ROHW = net concentration of an alcohol .compound in the dilute exhaust
corrected for background per test phase, ppm.

- ROH, = composite concentration of an alcohol compound in the dilution
air (background) for all three test phases, ppm.

ROH . = mass per unit volume of an alcohol compound corrected to
standard conditions (293.16°K and 760 mm Hg), g/ft’.

ROH .= concentration of an alcohol compound in the dilute exhaust per
test phase, ppmC.

ROH,.... o= mass emissions of an alcohol compound per test phase n (where n
‘ iseither 1,2, 0r3), g

ROH,, = total weighted mass emissions of an alcohol compound per mile,
g/mile. ' o
SAE = ' f Automotive Engineer
SRM = Standard Reference Material
VMIX - = the total dilute exhaust volume measured per test phase and

corrected to standard conditions (293.16° K and 760 mm Hg), f’

he following list is commonl m remen reviations:
centimeter
micrometer
micron
liter
il
microliter
parts per billion,
parts per billion carbon equivalent.
parts per million,

r million ¢arbon ivalen

]
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APPENDIX 3
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