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NOTE: This document is printed in a style to indicate amendments to the existing standards
and test procedures. The amendments being proposed in the present rulemaking are shown in
underline to indicate additions to the text and strieeut to indicate deletions. On June-28,

- 1995, the Board approved new emission standards. For modifications proposed in that
rulemaking, additions to the text are identified in italics and deletions are shown in sérikeots.
Modifications to the originally noticed text (August 1995) are designated by bold italics and
boldstrileeout to represent additions and deletions, respectively. Modifications to the modified
text (October 1995) are designated by underlined bold italics and underlined bold strikeont t0
indicate additions and deletions, respectively. : T

This document incorporates by reference various sections of the Code of Federal Regulations,
some with modifications. California provisions which replace specific federal provisions are
denoted by the words "DELETE" for the federal language and "REPLACE WITH" for the
new California language. The symbols "*****" and "..." mean that the remainder of the
federal text for a specific section, which is not shown in these procedures, has been included
by reference, with only the printed text changed. For those portions of federal provisions
incorporated in this document with modifications, the modifications to the: federal text are
displayed in jtalicized double underline and italicized strifeont to indicate additions to and
deletions from the federal language. Federal regulations which are not listed are not part of
the procedures. : : '
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‘ CALIFORNIA EXHAUST EI\HSSION STANDARDS AND TEST
PROCEDURES FOR 1987 AND SUBSEQUENT MODEL HEAVY-DUTY
OTTO-CYCLE ENGINES AND VEHICLES '

The following provisions of Subparts A, L, N, and P, Part 86, Title 40, Code of Federal =
Regulations, as adopted or amended by the U.S. Environmental Protection Agency on the date
listed, and only to the extent they pertain to the testing and compliance of exhaust emissions

- from heavy-duty Otto-cycle gasoline engines and vehicles, are adopted and incorporated herein
by this reference as the California Exhaust Emission Standards and Test Procedures for 1987
and Subsequent Model Heavy-Duty Otto-Cycle Engines and Vehicles, except as altered-or
replaced by the provisions set forth-below. | '

The federal regulatiohs contained in the subparts identified above which pertain to evaporative
emissions and oxides of nitrogen emission averaging shall not be applicable to these
-procedures. Regulations pertaining to evaporative emissions are contained in “California
Evaporative Emission Stanidards and Test Procedures for 1978 and Subsequent Model

iquefied Petroleum-Gas—or-Gasoline—or Methanel - Fueied Motor Vehicles," as incorporated
in Title 13, California Code of Regulations, Section 1976.

ALia ad o = I e~ olina 0

The federal regulations contained in the subparts identified above which pertain to
nonconformance penalty shall be applicable for the 1988 model year. The Executive Officer
shall not implement a nonconformance fee schedule until it is established that payment of
nonconformance fees in California may substitute, on the basis of each heavy-duty engine or
vehicle certified for sale in California, for payment of nonconformance fees to the federal
governmerit. ' | : |

‘Starting with the 1990 model year, these regulations shall be applicable to all heavy-duty
Otto-cycle natural-gas-fueled and liquefied-petroleum-gas-fueled engines (and vehicles) except
those engines derived from existing Diesel engines. For any engine which is not a distinctly
Otto-cycle engine nor derived from such, the Executive Officer shall determine whether the
engine shall be subject to these regulations or alternatively to thé heavy-duty Diesel engine
regulations, in consideration of the relative similarity of the engine's torque-speed
characteristics and vehicle applications with those of Otto-cycle and Diesel engines.

The regulations concerning the certification of methanol-fueled vehicles and engines including

dedicated methanol and fuel-flexible vehicles and engines are not applicable in California until

the 1993 and subsequent model years. Regulations concerning the certification of incomplete
medium-duty Otto-cycle low-emission vehicles and engines and ultra-low-emission vehicles

* and engines operating on any fuel are applicable for the 1992 and subsequent model years.

Date of Release: 2/13/96; second 15-day changes
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Subpart A, General Provisions for'Em.ission Regulations for 1977 and Later Model Year
New Light-Duty Vehicles, Light-Duty Trucks, and Heavy-Duty Engines, and for 1985
and Later Model Year Gasoline-Fueled and Methanol-Fueled Heavy-Duty Vehicles.

86.085-1 General Applicability. March 15, 1985.

® * * * *®

(b) ...GVWR or less to the medium-duty vehicle... -
O |

(e) ...projected combined California sales of passenger cars, light-duty trucks,
- medium-duty vehicles and heavy-duty engines in its product line are fewer than 3,000
units for the model... o '

© 86.090-1 General Applicability. April 11, 1989.

(@) ... heavy-duty engines. Starting with the 1990 model year, the provisions of this
subpart are also applicable to all Otto-cycle dedicated gaseous-fuel, dual-fuel and
multi-fuel engines (or vehicles) except those engines derived from existing Diesel
engines. Any reference to Otto-cycle heavy-duty engines and vehicles shall also apply
to gaseous-fuel engines and vehicles, except where specifically noted. Starting with the
1992 model year, the provisions of this subpart are also applicable to all Otto-cycle
low-emission vehicles and engines and ultra-low-emission vehicles and engines
operating on any fuel. | |

* * * * *

Cb) ...may Tequest to certify any pre-1996 model-year heavy-duty vehicle of 10,000
pounds Gross Vehicle Weight Rating or less to the medium-duty vehicle...

B T * * *

(e) ...projected combined California sales of passenger cars, light-duty trucks,
medium-duty vehicles and heavy-duty engines in its product line are fewer than 3,000
- units for the model... -

Date of Release: 2/13/96; second 15-day changes
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86.085-2 Definitions. Noveiber 16,°1983.

“Administrator” DELETE
REPLACE WITH: _ | |
"Administrator" means the Executive Officer of the Air Resources Board.

% * % * %k

"Certificate of Conformity* DELETE

REPLACE WITH: ‘

"Certificate of Conformity” means "Executive Order" certifying vehicles for sale in
California. :

"Certification” DELETE

REPLACE WITH:

"Certification” means certification as defined in Section 39018 of the Health and Safety
Code. |

* #* * * #

"EPA Enforcement Officer" DELETE
REPLACE WITH: '
"EPA Enforcement Officer” means the Executive Officer or his delegate.

* * * * *

"Heavy-Duty Engine" DELETE

REPLACE WITH: :

"Heavy-duty engine" means an engine which is used to propel a heavy-duty vehicle,
"Heavy-Duty Vehicle" DELETE :

REPLACE WITH:

"Heavy-duty vehicle” means any motor vehicle having a manufacturer's gross vehicle
weight rating greater than 6,000 pounds, except passenger cars. e

* % *® % *

"Medium-duty vehicle" means any pre-1995 model-year heavy-duty vehicle having a
manufacturer's gross vehicle weight rating of 8,500 pounds or less, any 1992 and
subsequent model-year heavy-duty low-emission velicle or ultra-low-emission vehicle
having a manufacturer's gross vehicle weight rating of 14,000 pounds or less, or any

Date of Release: 2/13/96; second 15-day changes ‘
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1995 or subsequent model year heavy-duty vehicle having a manufacturer's gross
vehicle weight rating of 14,000 pounds or less.. '

* * * ® - X

86.088-2 Definitions. March 15, 1985.

® %k * % %

86.090-2 Definitions. April 11, 1989.

# *® % * *

"Dedicated Methanol Vehicle” means any methanol-fueled motor vehicle that is
engineered and designed to be operated solely on methanol. ‘

*Dedicated Methanol Engme means any methanol fueled heavy-duty engme thatis

engineered and demgned to be operated solely on methanol.

"Flexible-Fuel Vehicle (or Engine)" or "Fuel-Flexible Vehicle (or Engine)" means ...

86.091-2 Definitions. March 15, 1985.

Co® *. * %

"Gaseous Fuels" means compressed natural gas or 11queﬂed petroleum gas fuel for use

in motor vehicles and engines.

"Dedicated Gaseous-Fuel Engine” means any gaseous-fuél engine that is engineered
and designed to be operated solely on a gaseous fuel.

"Dual-Fuel Engine” means any gaseous-fuel engine that is engmeered and designed to

be operated on either a gaseous fuel or petroleum fuel.

"Multi-Fuel Engme means any gaseous-fuel engine that is engineered and designed to

be operated with a gaseous fuel simultaneously with a petroleum fuel.
# # # # F

| 86.098-2  Definitions. April 6, 1994
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:é fég EE'E-! Ef_['ll‘l-\l‘ D 0 . . :
The definitions listed in this section apply beginning with the 1998 niodel year.

Vs Nd b’ 1,”;1;/"7”"‘
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"Dispensed fuel temperature” ~ DELETE
"Evaporative/refueling emission control system” DELETE
"Evaporative/refueling emission family” DELETE

"Integrated refueling emission control system” — DELETE
"Non-integrated refueling emission control system” DELETE
"Refueling emissions” DELETE. _ T
"Refueling emission canister(s)”  DELETE

"Resting losses"” DELETE

Useful life means:
(1)  DELETE
(2) DELETE o
(3)  For an Otto-cycle heavy-duty engine family:
(1)  DELEIE

(it)  For the oxides of nitrogen standard, a period of use of 10 years
or 110,000 miles whichever first occurs.
(iii) DELETE
(4 DELETE

86.078-3  Abbreviations. January 21, 1980.

86.090-3  Abbreviations. April 11, 1989.

86.084-4 Section numbering; construction. September 25, 1980.

86.084-5  General Standards; increase in emissions; unsafe conditions. November 2, 1982.
86.090-5 General Stanidards; increase in emissions; unsafe conditions. April 11, 1989,
86.078-7 Maintenance of records; submittal of information: right of entry. o
November 2, 1982, _ .
86.087-10 - Emission standards for 1987 and later model year gasoline-fueled heavy-duty
engines and vehicles. November 16, 1983. ' :

86.088-10 Emission standards for 1988 and 1989 model year gasoline-fueled heavy-duty
engines and vehicles. March 15, 1985. , o

86.090-10 Emission standards for 1990 and later model year Otto-cycle heavy-duty engines
and vehicles. April 11, 1989.

86.091-10 Emission standards for 1991 and Iater model year Otto-cycle heavy-duty engines
and vehicles. April 11, 1989, R '

* * * * *

(a)(Z) Manufacturers may choose to certify incomplete medium-duty vehicles from |
8501-14,000 pounds, gross vehicle weight to the emission standards and test procedures
specified below as an alternative to the primary standards and test procedures specified

Date of Release: 2/13/96; second 15-day changes .
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in Section 1960.1, Title 13, California Code of Regulations. Manufacturers certifying

- medium-duty vehicles to these optional heavy-duty standards and test procedures shall
specify, in the application for certification, an in-use compliance test procedure, as
provided in Section 2139(c), Title 13, California Code of Regulations. Exhaust
emissions from new 1995 and later model year incomplete medium-duty vehicles
certifying to the optional heavy-duty engine test procedures shall not exceed the
following: ' _

(I) Carbon Monoxide. 14.4 grams per brake horsepower-hour, as measured
under transient operating conditions. -

(i) Non-methane Hydrocarbon and Oxides of Nitrogen. 3.9 grams per brake
horsepower-hour total, as measured under transient operating conditions.

(2)(3) Manufacturers may choose to certify incomplete medium-duty low-emission and
“ultra-low-emission vehicles from 8501-14,000 pounds, gross vehicle weight to the
emission standards and test procedures specified below as an alternative to the primary
standards and test procedures specified in Section 1960.1, Title 13, California Code of
Regulations. Manufacturers certifying medium-duty low-emission and - o
ultra-low-emission vehicles to these optional heavy-duty standards and test procedures
shall specify, in the application for certification, an in-use compliance test procedure,
as provided in Section 2139(c), Title 13, California Code of Regulations. Exhaust
emissions from new 1992 and later model year incomplete medium-duty low-emission
(LEV)and ultra-low-emission (ULEV) vehicles certifying to the optional heavy-duty
engine test procedures shall not exceed the following: -

(M  Carbon Monoxide. 14.4 grams per brake horsepower-hour for LEVs
and 7.2-grams-per-brake-horsepower-housfor ULEVs, as measured under transient
operating conditions. ' _ _ :

(i) Non-methane Hydrocarbon and Oxides of Nitrogen. 3.5 grams per brake
horsepower-hour total for LEVs through the 2001 model vear: 3.0 grams per brake
‘horsepower-hour for LEVs through the 2003 model year; and 2.5 grams per brake
horsepower-hour total for ULEVs through the 2003 model year, as measured under
transient operating conditions. '

(iii) Formaldehyde Emissions. 0.050 grams per brake horsepower-hour for

' LEVs and 9:025-grams per-brake-horsepower hourfor ULEVs, as measured under

transient operating conditions.

Date of Release: 2/13/96; second 15-day changes
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| (C)  Oxides of nztrogen (1) (4.0) grams per brake horsepower-hour
(1.49 grams per megajoule), as measured under transient
operating conditions.

(2)  DELEIE
(3)  DELETE
4

lwrsevo&erwd I S grams per Lgke horsevower—
hour, inclusive, ar 0.5 grams per brake horsepower-hour
increments. as measured under rransiens operating
conditions.

(iii) ~DELETE
(iv)  For methanol-fueled Otto-cycle heavy-duty engines intended for use only :
in vehicles wzth a Gross Vehicle Weight Rating of greater than 14,000

Ibs.
(A))  DELETE
- (B) DELETE

" (C)-  Oxides of nitrogen. (] } 4.0 grams. per brake. horsepower—hour
-~ (1.49 grams per megajoule), as measured under rranszent
operating conditions.

(2) DELETE; REPLACE WITH: -

(2) A manufacturer may elect to certify to'an optional oxides
of nitrogen standard between 0.5 grams per brake
horsepower-hour and 1.5 grams per brake horsepower-
hour, inclusive, at 0.5 grams per brake horsepower-hour
increments, as measured under transient operating

© conditions.

()  DELETE - |
(vi) . For natural gas- fueled Otto-cycle engines intended for use only in
vehicles with a Gross Vehicle Weighit Rating of greater than 14,000

pounds.
(A) . DELETE
(B) DELETE

(C)  Oxides of nitrogen. (1) 58 4.0 grams per brake horsepower-
. hour (491 1.49 grams per megajoule, as measured under
transient operating conditions.

Date of Release: 2/13/96; second 15-day changes .
Board Hearing: 9/28/95 -8-
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£€) (A) Carbon Monoxide. 44 37.1 grams per brake horsepower-
hour, as measured under transient operating conditions. '
i 7 ' () o crpres a Eyery ir o

) () g o atr ANitraocan

- AR ¥ 1 Tz U - I

(B) Non-Methane Hydrocarbons + Oxides of Nitrogeﬁ.

(a} 2.5 grams per brake horsepower-hour total for ULEVs, as
measured under transient operating conditions, including a cap of 0.5
- grams per brake horsepower-hour for Non-Methané Hydrocarbons; or
(b) 2.4 grams per brake horsepower-hour total for ULEVs as
measured under transient operating conditions.

(f(2) Manufacturers may choose to certifv incomplete medium-duty vehicles from
8501-14.000 pounds. gross.vehicle weight, to the emission standards and test
procedures specified above in section (f)(1) as an alternative to the primary standards
and test procedures specified in Section 1960.1, Title 13, California Code of

" Resulations. Manufacturers certifying medium-duty vehicles to these optional heavy-
duty standards and test procedures shall specify. in the application for certification. an
in-use compliance test procedure. as provided in Section 2139(c), Title 13, California
Code of Resulations. Exhaust emission from new 2004 and later model year
incomplete medium-duty vehicles certifying to the optional heavy-duty engine test L
procedures shall not exceed the standards set forth in 86.098-10 subparagraph (A(1). :

g4 & F

86.080-12 Alternative certification procedures. April 17, 1980. -
 86.084-14 Small-volume manufacturers certification procedures. January.31, 1985.

* * * * *

(b)(l) ... produced by manufacturers with California sales (for the model year in which
certification is sought) of fewer than 3,000 units (PC, LDT; MDYV, and HDE
combined). )

& % * * *

(c)(4) DELETE

REPLACE WITH: ' :

(c)(4) The manufacturer shall include in its records all of the information that EPA
requires in 86.084-21 of this subpart. This information will be considered part of the
manufacturer's application for certification.

Date of Release: 2/13/96; second 15-day changes
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©(7)D(C) ... determines and prescribes based 'on deéign specifications or sufficient
‘control over design specifications, development data, in-house testing procedures, and
in-use experience. However, ... . . '

. * * % .
(©(ADEDD)(1)...We project the total Calif_brnia sales of vehicles (engines) subject to
this subpart to be fewer than 3,000 units. IR

% * ¥ * ® . -
(©)(13)(ii)...affect vehicle emissions. All running changes which do not adversely
affect emissions or the emissions control system durability are deemed approved unless

disapproved by the Executive Officer within 30 days of the implementation of the
running change. This ... : ‘

* ok ok ok

86.090-14 Small-volume manufacturers certification procedures. Aprillll, 1989.

* * * * ®

(®)(1)...produced by manufacturers with California sales (for the model year in which
certification is sought) of fewer than 3,000 units (PC, LDT, MDV, and HDE .
combined). . :

* * * * *

(c)(4) DELETE

. REPLACE WITH: . .. _ ' . -
(c)(4) The manufacturer shall include in its records all of the information that EPA
requires in 86.088-21 of this subpart. This information will be considered part of the
manufacturer’s application for certification.

*® #* *® * *®

(©(N@(C)...determines and prescribes based on design specifications or sufficient
control over design specifications, development data, in-house testing procedures, and
in-use experience. However,.., B

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 . -11-



* * * * *

@ DHEND)(D)... We pioj ect the total California sales of vehicles (enginés) subject to
this subpart to be fewer than 3,000 units. -

* . %k %X Kk 00X

(c)(13)(ii)...affect vehicle emissions. All running changes which do not adversely
affect emissions or the emissions control system durability are deemed approved unless.
disapproved by the Executive Officer within 30 days of the implementation of the
running change. This... : - ’

- 86.085-20 Incomplete vehicles, classification. 'January 12, 1583.
86.087-21 Application for certification. November 16, 1983.
86.088-21 Application for certification. March 15, 1985.
86.090-21 Application for certification. April 11, 1989.
86.091-21 Application for certification. April 11, 1989. -

® * * *® *

(b)(2) For 1992 and subsequent model-year low-emission and ultra-low-emission
vehicles and engines not powered exclusively by gasoline, projected California sales
data and fuel economy estimates two years prior to certification, and projected
California sales data for all vehicles and engines, regardless of operating fuel or vehicle
emission category, sufficient to enable the Executive Officer to select a test fleet
representative of the vehicles (or engines) for which certification is requested at the
time of certification.

* 5 ® % *

86.085-22 Approval of application for certification; test fleet selections; determinations of

parameters subject to adjustment for certification and-Selective Enforcement Audit, adequacy
of limits, and physically adjustable ranges. August 30, 1985.

DELETE any reference to Selective Enforcement Audit.
86.090-22 Approval of application for certification; test fleet selections; determinations of
parammeters subject to adjustment for certification and Selective Enforcement Audit, adequacy

of limits, and physically adjustable ranges. April 11, 1989.

DELETE any references to Selective Enforcement Audit.

. . Dale of Release: 2/13/96; second 15—day' changes )
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86.087-23 Required data. March 15, 1985,

¥k owm . ow ok

®)X(1)(ED) ... useful life of the engine. Such data shall be submitted to the Executive
Officer for review. If the- durability test method is accepied by EPA, it shall also be
accepted by. ARB, subject to the following condition. If, after certification for the first
model year in which the method i used, the Executive Officer determines that a
manufacturer's durability test procedures do not conform with good engineering
practices, the Executive Officer may require changes to that manufacturer's durability
test procedures for subsequent model years. The manufacturer's revised durability test
procedures shall be submitted to the Executive Officer for review and approval.

%* * * * *

86.088-23 Required data. July 19, 1985.

* *® ® * P

(®)(1)(i) ... useful life of the engine. Such data shall be submitted to the Executive
Officer for review. If the durability test method is accepted by EPA, it shall also be
accepted by ARB; subject to the following condition, If, after certification for the first
model year in which the method is used, the Executive Officer determines that a
manufacturer's durability test procedures do not conform with good engineering
practices, the Executive Officer may require changes to that manufacturer's durability
- test procedures for subsequent model years. The manufacturer's revised durability test

procedures shall be submitted to the Executive Officer for review and apptoval,

* * E * *®

86.090-23 ‘Required data. April 11, 1989.

* *® *® % *

(®Y(1)GL) ... useful life of the engine. Such data shall be submitted fo the Exécutive
Officer for review. If the durability test method is accepted by EPA, it shall also be
accepted by ARB, subject to the following ‘condition. If, after certification for the first - ©
model year in which the method is used; the Executive Officer determines that a-
manufacturer's durability test procedures do not conform-with good engineering
practices, the Executive Qfficer may require changes to that manufacturer's durability

test procedures for subsequent miodel years. The manufacturer's revised durability test
procedures shall be submitted to the Executive Officer for review and approval.
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* *® * * *

'86.091-23 Required data. April 11, 1989.

* * kK *

O)(1)(i) ... useful life of the engine. Such data shall be submitted to the Executive
Officer for review. If the durability test method 1s accepted by EPA, it shall also be
accepted by ARB, subject to the following condition. If, after certification for the first.
model year in which the method is used, the Executive Officer determines that a
manufacturer's durability test procedures do not conform with good engineering
practices, the Executive Officer may require changes to that manufacturer's durability
test procedures for subsequent model years. The manufacturer's revised durability test
procedures shall be submitted to the Executive Officer for review and approval. '

* * * * *

86.085-24 Test vehicles and engines.- December 10, 1984.,

% % *® . % *

(€)(1)( DELETE

REPLACE WITH: : :
(&) (1)) a combined total of 3000 California passenger cars, light-duty trucks,
medium-duty vehicles, and heavy-duty engines, I _

(&)(1)(l) DELETE, .
(€)(1)(iii) DELETE
(e)(1)(iv) DELETE

(e)(1)(v) DELETE .
(e)(1)(vi) may request a reduction in the number of test vehicles (or engines) . . .

(&)(2)...total sales of fewer than 3,000...

* * * * *

(f) ...submitted. Durability data submitted may be from engines previously certified by
the EPA or the Air Resources Board. ' :

* * * *® *

86.000-24 Test vehicles and engines. April 11, 1989.
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(€)(1)() DELETE
REPLACE WITH: , _

(€)(1)@) A combined total of 3,000 California passenger cars, light-duty trucks,
medium-duty vehicles, and heavy-duty engines,

(& ()(); @M(id); ©(DEv); @D DELETE

~ (e)(1)(vi) may request a reduction in the number of test vehicles (or engines)...

(€)(2)...total sales of fewer than 3,000...

%

(..

L S

.submitted. Durability data submitted may be from engines previously certified by

the EPA or the Air Resources Board.

*

86.087-25
86.088-25
86.090-25
86.084-26
86.090-26
86.085-27
86.090-27
86.087-28
86.088-28

86.090-28

*

* * * *

Maintenance, March 15, 1985,

Maintenance. March 15, 1985,

Maintenance. April 11, 1989. - ‘
Mileage and service accumulation; emission measurements. October 19, 1983.

.Mileage and service accumulation; emission measurements. Apml 11,1989,

Special test procedures. January 12, 1983,

Special test procedures. April 11, 1989.

Compliance with emission standards. March 15, 1985.
Compliance with emission standards. March 15, 1985,
Compliance with emission standards. April 11, 1989.

% * * *

(©(@)({ii)(A)(1) . . . For transient HC (OMHCE), formaldehyde (methanol-fueled
engines and vehicles, low-emission vehicles and engines, and ultra-low-emission
vehicles and engines), CO, and NOx, the official exhaust emission . . .

(©)(4)(ii)(A)(2) . . . For transient HC (OMHCE), for'mgaldehyde {methanol-fueled
engines and vehicles, low-emission vehicles and engines, and ultra-low-emission

vehicles and engines), CO, and NOx, the official exhaust emission . . .

*

1

* # % *
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86.091-28 Compliance with emission standards. April 11, 1989.

* * * E N

(©(#) (i (A)(1) . . . For transient HC (OMHCE), formaldehyde (methanol-fueled
engines and vehicles, low-emission vehicles and engines, and ultra-low-emission
vehicles and engines), CO, and NOx, the official exhaust emission . . .

(©)(@) (i) (AX2) . . . For transient HC (OMHCE), formaldehyde (methanol—fueled
engines and vehicles, low-emission vehicles and engines, and ultra-low-emission
vehicles and engines), CO, and NOx, the official exhaust emission . . .

* * * * *

86.087-29 Testing by the Administrator. January 24, 1984.

'86.088-29 Testing by the Administrator. March 15, 1985.

6.090-20  Testing by the Administrator. April 11, 1989.

86.091-29 Testing by the Administrator. April 11, 1989.

86.087-30 Certification. August 30, 1985. '

86.088-30 Certification. March 15, 1985.

86.050-30 Certification. April 11, 1939.

86.091-30 Certification. April 11, 1989.

86.079-31 Separate certification. September 8, 1977. : |

-86.079-32 Addition of a vehicle or engine after certification. September 8§, 1977.
86.079-33 Changes to a vehicle or engine covered by certification. September 8, 1977.
'86.082-34 Alternative procedure for notification of additions and changes. November 2,
1982.

86.087-35 Labeling. Labels shall comply with the requirements set forth in the "California
Motor Vehicle Emission Control Label Specifications”, as last amended Mareh-24;-1954

$6.085-37 Production vehicles and engines. January 12, 1983.

- 86.087-38 Maintenance instructions. March 15, 1985.

'86.084-40 Automatic expiration of reporting and recordkeeping requirements. September
25, 1980. '

Subpart L - Nonconformance Penalties for Gasoline-Fueled and Diesel Heavy-Duty
Engines and Heavy-Duty Vehicles, Including Light-Duty Trucks - '

86.1101-87 Applicability. August 30, 1985.

* * * * *
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-..applicable for 1988 model...

* * *® * *

£6.1102-87 Definitions.. -August 30, 1985. S | :

86.1103-87 Criteria for availability of nonconformance penalties. August 30, 1985, -

86.1104-87 Determination of upper limits. - August 30, 1985. - N

86.1105-87 Emission standards for which nonconformance penalties are available. December

31, 1985. . _ = _ ' .
86.1106-87 Production compliance auditing. August 30, 1985.

* % % % ox
(b) A 50-state engine or vehicle configuration with engines available for sale in
Californiz fails a Selective Enforcement... o : S

* * % ® %

(¢} A 50-state engine or vehicle configuration with engines available for sale in
California, for which an NCP has been previously...

# 34 # * % ~

86.1107-87 Testing by the Administrator, August 30, 1985,

86.1108-87 Maintenance of records. August 30, 1985.

86.1109-87 Entry and access. August 30, 1985,

86.1110-87 Sample selection. August 30, 1985.

86.1111-87 Test procedures for PCA testing. August 30, 1985. S
86.1112-87 Determining the compliance level and reporting of test results. August 30, 1985.
86.1113-87 Calculation and payment of penalty. December 31, 1985.

* * % * *

(a)(3)(iv)...not affect the previous year;s penalty. In calculating AAFI for the _
California heavy-duty engines, it shall be equal to the value of n as is used federally,

* * * * *

(8)(1)(ii)...payable to:  Air Pollution Control Fund, c/o Executive Officer, Air
Resources Board, P.O. Box 2815, Sacramento, CA 95812. '

% * * * *
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_(g)(3)...date'to: Chief, Mobile Source .Division, Air Resources Board, 9528 Telstar
"Avenue, El Monte, CA 91731 and Director, Manufacturers Operations...

* * * * *

(h)...PCA take place. The refund to manufacturers shall be made from the Air
Pollution Control Fund.. The amount refunded will be as follows...

* * . * % *
86.1114-87 Suspens’ion' and voiding of certifica'tes of cenforinity. August 30, 1985.

Subpart N, Emission Regulatlons for New Otto-cycle and Dxesel Heavy—Duty
Engines; Gaseous and Particulate Exhaust Test Procedures '

86.1301-84 Scope; applicability. November 16, 1983.

86.1301-88 Scope; applicability. March 15, 1985.

86.1301-90 Scope; applicability. April 11, 1989.

86.1302-84 Definitions. November 16, 1933.

86.1303-84 Abbreviations, November 16, 1983.

86.1304-84 Section numbering; construction. November 16, 1983.

86.1304-90 Section numbering; construction. April 11, 1989,

86.1305-84 Introduction; structure of subpart. November 16, 1983.

86.1305-90 Introduction; structure of subpart. April 11, 1989. :
86.1306-84 Equipment required and specification; overview. November 16, 1983
86.1306-88 Equipment required and specification; overview. March 15, 1985.
86.1306-90 Equipment required and specification; overview. April 11, 1989.
86.1308-84 Dynamometer and engine equipment specifications. December 10, 1984,
86.1309-84 -Exhaust gas sampling system; gasoline-fueled engines. November 16, 1983.
86.1309-90 Exhaust gas sampling system; gasoline-fueled and methanol-fueled Otto-cycle
engines. April 11, 1989. _

. o% ok k0%

(a)(3)...For methanol-fuéled engines, the sample lines for the methanol and
formaldehyde samples are heated to 235° & 15°F (113° £ 8° Q).

* % L . *

186.1311-84 Exhaust gas -analytical system; CVS bag sample. November 16, 1983.
86.1311-88 Exhaust gas analytical system; CVS bag sample. August 29, 1986.
- 86.1313-84 Fuel specifications. December 10, 1934.

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 ' -18-



86.1313-90 Fuel specifications. April 11, 1989,

* * * * %

'ADD SUBPARAGRAPH (A)(1) WHICH READS:

@D For 1993-1994 model-year Otto-cycle LEVs and ULEVs, and for all 1995 and
subsequent model-year heavy-duty and medium-duty Otto-cycle vehicles and engines,
_gasoline having the specifications listed below may be used in exhaust and evaporative

emission testing as an option to the specifications referred to in paragraph (a).

Fuel Property a/ : -+ Limit ' Test Method b/
Octane, R+M)/2 (min)' 91 ' D2699-88, D 2700-88
Sensitivity (min) | 7.5 D 2699-88, D 2700-88
Lead, g/gal (max) (No lead added) 0-0.01 Title 13 CCR
§2253.4(c) a : : - R
Distillation Range, degrees F . Title 13 CCR §2263
c/ ‘ ” ' :
10 pet. point, 130-150
50 pct. point, 200-210 d/
90 pct. point, 290-300 e/
EP, maximum | 390 "
Residue, vol% (max) ' ' 2.0 C |
Sulfur, ppm by wt. | 30-40 '. " Title 13 CCR §2263
Phosphorous, g/gal (max) ‘ 0.005 - - Title 13 CCR §2253.4(c) -
RVP, psi o 6.7-7.0 | . Title 13 CCR §2263 .
Olefins, vol % . 4.0-6.0 . - Title 13 CCR §2263
Total Aromatic Hydrocarbons (vol %) 2225 - Title 13 CCR §2263 .
Benzene, vol % ‘ 0.8-1.0f/ Title 13 CCR §2263
Multi-Substituted Alkyl |
Aromatic Hydrocarbons, vol % 12-14 g/ , '

MTRE, vol % 10.8-11.2 - Title 13 CCR §2263
Additives :  Sufficient to meet requirements of Title 13, CCR §2257

- Copper Corrosion No. 1 - D 130-88
Gum, Washed, mg/100 ml (max) 3.0 D 381-86 .
Oxidation Stability, minutes (min) 1000 . ' D525-88

* Specific Gravity Report h/
Heat of Combustion Report h/
Carbon, wt% Report h/
Hydrogen, wt% ' - Report h/

a/ The gasoline must be blended from typical refinery feedstocks.
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b/

c/

d/

174

;v

ASTM specification unless otherwise noted. A test method other than that specified
may be used following a determination by the Executive Officer that the other method
produces results equivalent to the results with the specified method.

Although Title 13 CCR § 2263 refers to the temperatures of the 50 and 90 percent
points, this procedure can be extended to the 10 percent and end point temperatures,
and to the determination of the residue content. '

The range for interlaboratory testing is. 195-215° F.

" The range for interlaboratory testing is 285-305° F.

The range for interlaboratory testing is 0.7-1.1 percent by volume.

"Detailed Hydrocarbon Analysis of Petroleum Hydrocarbon Distillates, Reformates,
- and Gasoline by Single Column High Efficiency (Capillary) Column Gas

Chromatography," by Neil Johansen, 1992, Boulder, CO. ‘
The fuel producer should report this fuel property to the fuel purchaser. Any generally
accepted test method may be used and shall be identified in the report. '

* * % * *® ' .

- (@(3)(D) Methanol-Gasoline Fuel Specifications for 1993 Model-Year Engines.

Methanol fuel used in setvice accumulation of methanol-fueled Otto-cycle engines shall
be representative of commercially available methanol fuel. Methanol used in fuel for
exhaust emission testing shall be chemical grade methanol. For fuel-flexible vehicles
and engines, the gasoline used for blending fuel for use in service accurnuiation shali be
representative of commercial regular unleaded gasoline which will be generally
available through retail outlets. Gasoline used for blending fuel for use in emission
testing shall conform with the unleaded gasoline specification noted in paragraph (a)

- above. The requirements set forth in subparagraph (2)(3)(ii) may be used as an option

for 1993 model-year vehicles. , ‘ -

(2)(3)(1) Methanol—Gaspli'ne Fuel Specifications for 1994 and Subsequent Model-Year

 Engines.

(a)(3)(ii)(A) Otto-cycle methanol-fuel vehicles

Mileage-accurnulation fuel: For methanol-fueled Otto-cycle methanol engines,
fuel which meets the specifications listed in Title 13, CCR, Section 2292.1 or
2292.2 as applicable. S

Emission-testing fuel: For methanol-fueled Otto-cycle methanol engines, fuel
which meets the specifications listed in Title 13, CCR, Section 2292.1 or
2292.2 as modified by the following: n :

The fuel specification for 2292.1 shail be modified to: a) require methanol
content at 98.0 £ 0.5 volume percent; b) require ethanol content at 1.0 = 0.1 -

' Date of Release: 2/13/96; second [5-day changes
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volume percent; c) require certification gasoline as noted in paragraph 9(a) of
the California Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles, at 1.0 + 0.1 volume percent. ‘ ' -

The fuel specification for 2292.2 shall be modified to require certification
gasoline as noted in paragraph 9(a) of the California Exhaust Emission .
Standards and Test Procedures for 1988 and Subsequent Model Passenger Cars,
Light-Duty Trucks, and Medium-Duty Vehicles, as the hydrocarbon fraction.

-+ The vapor pressure specification for the emission-testing fuel shall be adjusted -
to 8.0 - 8.5 psi, using common blendin g components from the gasoline stream.

(@(3)({)(B) Fuel-flexible vehicles

Mileage-accumulation fuel: For both durability-data vehicles and emission-
data vehicles, mileage accumulation shall be conducted with one fuel. For
vehicles designed to operate on methanol, a fuel that meets the specificafions
listed in Title 13, CCR, Section 2292.2 shall be used. '

Emission-test fuel: For emission testing, fuel that meets the specifications
listed in Title 13, CCR, Section 2292.2 with the following exception. The fuel
specification for 2292.2 shall be modified to require certification gasoline as
noted in paragraph 9(a) of the California Exhaust Emission Standards and Test
Procedures for 1988 and Subsequent Model Passenger Cars, Light-Duty Trucks,
and Medium-Duty Vehicles, as the hydrocarbon fraction. The vapor pressure
specification for the emission-testing fuel shall be adjusted to 8.0 - 8.5 psi,
using common blending components from the gasoline stream.

()(3)(iii) Fuel additives and ignition improvers intended for use in methanol test fuels
shall be subject to the approval of the Executive Officer. In order for such approval to .
be granted, a manufacturer must demonstrate that emissions will not be adversely
affected by the use of the fuel additive or ignition improver. '

* L £
ADD SUBPARAGRAPH (¢) TO READ:

(e) Natural Gas and Liquefied Petroleum Gas Test Fuel.
&)@ Natural Gas Test Fuél. Natural gas used in-sérvice accumulation for
1990 through 1993 model-year engines shall be representative of commercial
natural gas which is generally available. Natural gas meeting the specifications
‘below, or substantially equivalent specifications approved by the Executive
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Officer, shall be used in exhaust emission testing for 1990'through 1993 model-
year engines. The specifications set forth in subparagraph (e)(1)(ii) may be
used as an option for 1993 model-year vehicles.. '

Natural Gas Emission Test Fuel Specification

Specification Value Tolerance Calculation
' ' Method
Wobbe Number 1350 + 0.5% ASTM D 1945

_ o Using AGA Bulletin No. 36 .
‘Hydrocarbons (expressed as percent of total organic carbon present)

Methane 88% - 4+ 05% _ASTM D 1945

Ethane - , 8% . =+ 0.3% ASTM D 1945
C, and higher HC 4% £ 02% - ASTM D 1945 -
C¢ and higher HC 0.5% ' maximum ASTM D 1945
Total unsaturated HC 0.5% . maximum . ASTM D~

2650 ' _ : ‘
Other Species (expressed as mole percent) i ' _
~ Hydrogen 0.1% maximum ~ ASTM D 2650 =

Carbon Monoxide 0.1% = maximum ASTM D 2650

Other Requirements:

1. Free from liquids over the entire range of temperatures and pressures
~ encountered in the engine and fuel system.

2. Free from solid particulate matter.

(e)(1)(ii) Natural gas used in service accumulation and in exhaust emission
testing for 1994 and subsequent model-year engines shall meet the specification
as follows: :

Mileage accumulation fuel: Natural gas meeting the speciﬁcations listed in
Title 13, CCR, Section 2292.5 shall be used in service accumulation.

. Emission-test fuel: Natural gas meeting the following specifications listed in
Title 13, CCR, Section 2292.5 as modified by the following: a) methane
content at 90.0 + 1.0 mole percent; b) ethane content at 4.0 + 0.5 mole
percent; ¢) C, and higher hydrocarbon content at 2.0 + 0.3 mole percent; d)
oxygen content at 0.5 mole percent maximum; e) inert gas (sum of CO, and Ny) -
content 2t 3.5 = 0.5 mole percent. . :
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' (®@)D Liquefied Petroleum Gas Test Fuel. Liquefied petroleum gas used
in service accumulation for 1990 through 1993 model-year engines shall be
representative of commercial liquefied petroleum gas which is generally
available through retail outlets, Liquefied petroleum gas used in exhaust and
evaporative emission testing for 1990 through 1993 model-year engines shall
conform to NGPA HD-5 specification. The specifications set forth in
subparagraph ()(2)(ii) may be used as an option for 1993 model-year vehicles.

(®©)()(ii) Liquefied petroleum gas fuel that will be used in service accumulation
and in exhaust and evaporative emission testing for 1994 and subsequent model-
year engines shall meet the specifications as follows. ‘

Mileage accumulation fuel: Liquefied petroleum gas meeting the -
specifications listed in Title 13, CCR, Section 2292.6 shall be used in service
accumulation. ‘

Emission-test fuel: Liquefied petroleum gas meeting the specifications listed in
Title 13, CCR, Section 2292.6 shall be used for exhaust and evaporative
emission testing with the following exceptions: a) propane content limited to
93.5 £ 1.0 volume percent: b) propene content limited to 3.8 + 0.5 volume
percent; and c¢) butane and heavier components limited to 1.9 + 0.3 volume
percent. ' )

(€)(3) The specification range of the fuels to be used under paragraphs (e)(1) and
(e}(2) of this section shall be reported in accordance with 86.090-21(b)(3).

86.1314-84 Analytical gases. December 10, 1984,

86.1316-84 Caljbration; frequency and overview. December 10, 1984.
86.1316-90 Calibration; frequency and overview. April 11, 1989. _
86.1318-84 Engine dynamometer system calibrations, November 16, 1983,
86.1319-84 CVS calibration. December 10, 1984, ' '

86.1319-90 CVS calibration. April 11, 1989,

86.1320-88 Gas meter or flow iristrumentation calibration; particulate measurement.
December 16, 1987. : R '

86.1320-90 Gas meter or flow instrumentation calibration; particulate, methanol, and
- formaldehyde measurement. April 11, 1989, : |
86.1321-84 Hydrocarbon analyzer calibration, December 10, 1984.

186.1321-90 Hydrocarbon analyzer calibration, April 11, 1989.

86.1322-84 Carbon monoxide analyzer calibration. November 16, 1983.
86.1323-84 Oxides of nitrogen analyzer calibration. December 10, 1984.
86.1324-84 Carbon dioxide analyzer calibration. November 16, 1983..

86.1326-84 Calibration of other equipment. November 16, 1983.
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86.1326-90 Calibration of other equipment. April 11, 1989.

86.1327-84 Engine dynamometer test procedures; overview. December 10, 1984.
86.1327-88 Engine dynamometer test procedures; overview. March 15, 1985.
86.1327-90 Engine dynamometer test procedure; overview. April 11, 1989.

*

* ok % *

- (a)...sample collection impingers (or capsules) for formaldehyde (HHCHO). A bag or

_ continuous sample of the dilution air...

*

86.1330-84
86.1330-90
- 86.1332-84
86.1332-90
86.1333-84
86.1333-90
86.1334-84
- 86.1335-84
- 86.1335-50
86.1336-84
86.1337-84
86.1337-88
86.1337-90
86.1338-84
86.1340-84
86.1340-90
86.1341-84
86.1341-90
86.1342-84
86.1342-90

*

£ * * %

Test sequence, general requirements. November 16, 1983.
Test sequence, general requirements. April 11, 1989,
Engine mapping procedures. December 10, 1984.

Engine mapping procedures. April 11, 1989.

Transient test cycle generation. November 16, 1983.
Transient test cycle generation.. April 11, 1989.

Pre-test engine and dynamometer preparation. December 10, 1984.
Optional forced cool-down procedure. December 10, 1984,
Optional forced cool-down procedure. April 11, 1989.
Engine starting and restarting. -March 15, 1985.

Engine dynamometer test run. November 16, 1983.
Engine dynamometer test run. March 15, 1985.

Engine dynamometer test run. April 11, 1989.

Emission measurement accuracy. November 16, 1983.
Exhaust sample analysis. December 10, 1984.
Exhaust sample analysis. April 11, 1989. |

Test cycle validation criteria. March 15, 1985.

Test cycle validation criteria. April 11, 1989.

Calculations; exhaust emissions. March 15, 1985.
Calculations; exhaust emissions. April 11, 1989,

*® # X OK

(d) Meaning of symbols:

*

* * * *

(1)@i) . . . (101.3 kPa) pressure; or, if gaseous fuels are being used, 18.64 g/ft’ for
natural gas and 17.28 g/ft® for liquefied petroleum gas, assuming an average carbon to
hydrogen ratio of 1:3.803 for natural gas and 1:2.656 for liquefied petroleum gas, at
68° F and 760 mm Hg pressure. The Executive Officer may approve other density
values deemed appropriate by a manufacturer when gaseous fuels are being used.
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*

*® * * *

B)(v)(A) CO, = (1-0.01925CO,, - 0.000323R)CO,,, for gasoline and. petroleum

diesel fuel, with hydrogen to carbon ratio of 1.85:1.

B3Xw)(®B) Co, = [1-(0.01 + 0.00SHCR)CO,, - 0.00323R]CO,, for methanol fuel,
where HCR is hydrogen to carbor ratio as measured for the fuel used. For natural gas
and liquefied petroleum gas, HCR is assumed to be 2.656 and 3.802 respectively. '

*

* % * *

@)D Ky = Humidity correction factor. | . |
(i) For gasoline—fueled{, gaseous-fuel, and methanol-fueled diesel engines: K, =
1/[1-0.0047(H-75)] (or for SI.units, ... '

£

86.1342-94

Calculations; Exhaust Emissions. September 21, 1994

86.1344-84
86.1344-88
86.1344-90

-Su_bpart P-

Required information. December 10, 1984.
Required information. March 15 , 1985,
Required information. April 11, 1989.

Enmission Regulations for New Gasoline-Fueled and Methanol-Fueled

Otto-Cycle Heavy-Duty Engines and New Gasoline-Fueled and Methanol-Fueled
Otto-Cycle Light-Duty Trucks; Idle Test Procedures '

- 86.1501-84
86.1501-9¢
86.1502-84
86.1503-84
86.1504-84
86.1504-90
86.1505-84

86.1505-90

86.1506-84
86.1506-90
86.1509-34
86.1511-84
86.1513-84
86.1513-87
86.1513-90

86.1514-84

Scope, applicability. December 10, 1984.

Scope, applicability. April 11, 1989.

Definitions. November 16, 1983,

Abbreviations. November 16, 1983.

Section numbering; construction. November 16, 1983,

Section numbering; construction. April 11, 1989.

Introduction; structure of subpart. November 16, 1983.
Introduction; structure of subpart. April 11, 1989,

Equipment required and specifications: overview, November 16, 1983,
Equipment required and specifications; overview. April 11, 1989.
Exhaust gas sampling system. November 16, 1983.

Exhaust gas analysis system. November 16, 1983,

Fuel specifications. November 16, 1983,

Fuel specifications. July 7, 1986.

Fuel specifications. January 8, 1988.

Analytical gases. November 16, 1983, -
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86.1516-84.

86.1515-84
86.1522-34
86.1524-84
86.1526-84
-86.1527-84
86.1530-84
86.1537-84

86.1540-84

86.1542-84
86.1544-84

Calibration; frequency and overview. November 16, 1983.
CVS calibration. November 16, 1983. - '
Carbon monoxide analyzer calibration. November 16, 1983.
Carbon dioxide analyzer calibration. November 16, 1983.

Calibration of other equipment. November 16, 1983.

Idle test procedure; overview. November 16, 1983.

Test sequence; general requirements. November 16, 1983.
Idle test Tun, November 16, 1983.

Idle exhaust sample analysis. November 16, 1983.
Information required. December 10, 1984.

Calculation; idle exhaust emissions. March 15, 1985.
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Appendix I- Urban Dynamometer Schedules.

(H(1) EPA Engine Dynamometer Schedule for Heavy-Duty Gasoline-Fueled Engines.
December 10, 1984, ' '

Appendix XII - Tables for Production Compliance Auditing of Heavy-Duty .
Engines and Heavy-Duty Vehicles. ' | .

Additional Requirements

1.

Any reference to vehicle or engine sales throughout the United S_tates shall mean
vehicle or erigine sales in California. : '

Regulations concerning EPA hearings, EPA inspectioné, and specific language
on the Certificate of Conformity, shall not be applicable to these procedures.

Any reference made to Selective Enforcement Auditing (SEA) shall not be
applicable to these procedures except as explicitly stated in regards to

nonconformance penalties.

In addition to the standards and provisions specified in CFR Section 86.091-10

' (emission standards for 1991 and later model year Otto-cycle heavy-duty

enginés and vehicles), the following 'formaldehyde emission levels as measured
under transient operating conditions shall not be exceeded for dedicated
methanol and fuel-flexible vehicles and engines: -

(g/bhp-hr)

1993-1995 - 0.10
1996 and Subsequent 0.05

The following formaldehyde emission levels as measured under transient
operating conditions shall not be exceeded for 1992 and subsequent
low-emission vehicles and ultra-low-emission vehicles operating on any fuel.

_ (g/bhp-hr)
1992 and Subsequent Low-Emission Vehicles 0.050
1992 and Subsequent Ultra-Low-Emission Vehicles - 0.025

All dedicated methanol-fueled and fuel-flexible vehicles and engines shall
comply with the requirements which are applicable to heavy-duty
gasoline-fueled Otto-cycle vehicles and engines, except where otherwise noted.
In particular, for fuel-flexible vehicles and engines, a manufacturer's proposed

Date of Release: 2/13/96; second 15-day changes
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durability demonstration program, as required in sections
86.091-21(b)(4)(iii)(A) and 86.091-23(b)(1)(ii), shall provide for the assessment

- of the durability of the engine in operation with methanol and gasoline, as well
as intermediate mixtures of both fuels. A manufacturer’s proposed mileage and
service accumulation, as Tequired in section 86.090-24(c), shall be conducted on
methanol,” ' - '

The provisions of section 86.091-28(c), "Compliance with emissions
standards,” shall be used to determine the compliance requirements with the -
emission standards. For fuel-flexible vehicles and engines, the noted
deterioration factors shall be determined from testing conducted with gasoline

- fuel. However, as an assurance that fuel-flexible vehicles and engines will
comply with applicable exhaust emission standards throughout their useful lives

. when operated on methanol fuel, the manufacturer shall demonstrate that
exhaust emissions tests conducted with metharnol fuel at the beginning, middle,
and end of the durability service accumulation schedule do not.exceed the
applicable exhaust ernission standards. For certification to be granted, the
vehicle or engine may not exceed applicable certification exhaust emission
standards. -

6. All dedicated gaseous-fuel, dual-fuel, and multi-fuel Otto-cycle engines (and
vehicles), except engines derived from existing Diesel engines, shall comply
with the requirements which are applicable to heavy-duty Otto-cycle engines,
except where otherwise noted.

7. Non-methane hydrocarbon emi'ssionsl shall be measured in accordance with the
"California Non-methane Hydrocarbon Test Procedures" as last amended July
12, 1991, which is incorporated herein by reference.

3. For dual-fuel or multi-fuel gaseous engines and vehicles, the noted deterioration
factors shall be determined separately for operation on each type of fuel or
combination of fuels that the engine is designed to use. For certification to be
granted, the provisions of 86.091-28(c) must be met separately for emissions
using each type'and combination of fuels.
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NOTE:

California Environmental Protection Agency
AIR RESOURCES BOARD

PROPOSED

. CALIFORNIA NON-METHANE ORGANIC GAS

TEST PROCEDURES

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

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

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 strikeeut o indicate deletions from the version of the
test procedures adopted on September 22, 1993, Modifications to the originally
noticed text are designated by bold italics and betd-strifceont (0 represent
additions and deletions, respectively. Modifications to the modified text are
designated by underlined bold italics and underlined 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 subsequent model—year' transitional
low-emission vehicles (TLEV), low-emission vehicles (LEV), and ultra low-emission -
vehicles (ULEV) certifying to non-methane organic gas (NMOG) emission standards.

This document sets forth the analysis and calculation procedures that shall be performed

to determirie NMOG mass emissions. The document consists of the following parts:

A
B.

C.

F.

G.

General Applicability and Requirements

‘Determination of Non-Methane Hydrocarbon Mass Emissions by Flame

Tonization Detection

Determination of Alcohols in Automotive Source Sampies by Gas
Chromatography (Method No. 1001) - ' ,
Determination of C, to C; Hydrocarbons in Automotive Source Samples by .

‘Gas Chromatography (Method No. 1002)

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 NMOG Mass Emissions :

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

Alternative procedures may be used if shown 1o yield equivalent results and if approved 1n -
advance by the Executive Officer of the Alr Resources Board. :

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

Date of Release: 2/13/96; second 15-day changes
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Fuel NMHC by FID | NMHC by GC Alcohols Carbonyls

Alcohol X X X

CNG ' - X X

Dieset | _ x | . X

Gasoline ' X - X

LPG. _ . X X
whara "T DM o Mianifiad matenloanr -V UL N N LU M omgrimenaond e fiien] onoh
LA A~ = waw e S ¥ =i § O PO OrCHT Sa T oo Eans CoTprCaata-hattdEa =1y
L‘&TI\A'T_T{"" manno Mo mcﬂ-“ﬁna hadranar an" I manne- Y flamma IOPation: datoptaes A

VIV O Tt atty— o e sane eV vYn— T I e RS —hame AARZAE TGO CoTO— g

LGQ'—me&Hﬁigaﬁ-ekﬁema{egﬁph__" The specified analyses shall be performed in accordance
with the following parts of this document: :

NMHC by FID  -- Part B. Determination of Non-Methane Hydrocarbon Mass
e Emissions by Flame lonization Detection
NMHC by GC - Part D. Determination of C, to C; Hydrocarbons in

Automotive Source Samples by Gas .

, Chromatography (Method No. 1002}); and

Part E. . Determination-of Cy to C,, Hydrocarbons in
: Automotive Source Samples by Gas
- Chromatography (Method No. 1003)
CARBONYLS -- Part F. - Determination of Aldehyde and Ketone

-Compounds in Automotive Source Samples by
High Performance Liquid Chromatography
(Method No. 1004)

ALCOHOLS -- Part C. Determination of Alcohols in Automotive Source
Samples by Gas Chromatography (Method No.
- 1001) ' :
4 For those manufacturers which choose to develop reactivity adjustment factors unique

- 10 a specific engine family, exhaust NMOG emissions shall be fully speciated: NMHC
emissions shall be analyzed in accordance with parts D and E (Method Nos. 1002 and
1003). In addition, aldehydes and ketones, alcohols, and ethers shall be analyzed
according to parts F, C, and E (Method Nos. 1004, 1001, and 1003). Analysis for
alcohols shall be required only for vehicles which are operated on fuels containing
alcohols. - :

5. - 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 is a
reference on generally accepted GC principles and analytical techniques for this

Date of Reiease: 2/13/96; second 15-day changes .
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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 1983
and Subsequerit Model Passenger Cars, Light-Duty Trucks,and Medium-Duty
Vehicles." - _ _ |

6. The mass of NMQG 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.

Date of Release: 2/13/96; second 15-day changes
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1.1

3.1

4.1

PART B

DETERMINATION OF
NON-METHANE HYDROCARBON MASS EMISSIONS
BY FLAME IONIZATION DETECTION

INTRODUCTION

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

All definitions and abbreviations are contained in Apuendix 2 of these test procedures.

TOTAL BYDROCARBON MEASUREMENT

' A flame-ionization-detector-(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 J1094afRef. 3] are references on generally
accepted gas analysis and constant volume sampling techniques. For Beckman 400
FIDs only, implementation of the recommendations outlined in SAE paper 7701415

Diluted-Automobile Exhaustyauthor-Glenn-Dr-Reschke[Ref. 4] shall be required.
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 sas-ehrematograph-(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 to
calculate the NMHC concentration, a methane response factor must be applied to the -
methane concentration (as measured by the methane analyzer) before it can be deducted
from the total hydrocarbon concentration. -To determine the total hydrocarbon FID
response to methane, known methane in air concentrations traceable to- Natieaal
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5.1

5.2

STy shall be analyzed by the FID. Several
methane concentrations shall be analyzed by the FID in the ran ge of the exhaust sample
concentration. The total hydrocarbon FID response to methane is calculated as
follows: : :

FID,./SAM, .

where: '
Ten, = FID methane response factorf
FID,,, = FID reading in ppmC.
SAM,,. = the known methane concentration in ppmC.

The FID response to methane shall be checked at each calibration interval, -
NMHC MASS EMISSION PER TEST PHASE

The following calculations shall be used to determine the NMHC mass emissions for
each phase of the Federal Test Procecluret [Ref. 1].

Non-Alcohol Fueled Vehicles

5.2.1 NMHC, = FID THC, - (r,;.H4 *CH,,) '
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

5.2.2 NMHC, = FID THC, —(rCH4 * CH,) :
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

5.23 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 gasoline, CH, ;5 , where HCR = 1.85: i
CO, = (1-0.01925 * CO,, -0.000323 * R, ) * CO,,
b For Phase 2 gasoline, CH, ,, . where HCR = 1.94:
CO, =(1-0.01970 * CO,, - 0.000323 *R_) * CO,__
bc)  For LPG, CHy, 4, Where HCR = 2.66 2.64: N
CO, = (1 -0:82330(0.02320 * CO,, -0.000323 *R) * CO.,
d) For CNG, CH, 5, where HCR = 3,78:
' CO, = (1-0.02890 * CO;, - 0.000323 *R) * CO.

Date of Release: 2/13/96; second 15-day changes
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100 * X -
X + y/2 +3.76 % (x + y/4-2/2)

52.4 DF = A
' CO, + (NMHC, + CH,, +CO.)~ 10

(where fuel composition is C,LHYC')z as measured for the fuel used.)

a) For gasoline, CH, g5 , where X = 1,y =1.85,and z = 0:
. DE = 13.47/ [CO,, + (NMHC, + CH, + CO,) * 10”]

b) For Phase 2 gasoline, CH, o . x = 1. ¥ =1.94andz = 0.017:

DF = 13.29/[CO,,_+ (NMHC, + CH, + CO,)*10°1

c) For LPG, CHg_é,s2ﬁ ,wherex = 1,y = 266 2.64, and z.= 0:
DF = 1164 11,68/ [CO,, + NMHC, + CH,, + CO)* 10* 1

d  ForCNG. CH, . wherex = 1y =378, and z = 0.016;
DF = 9.83 / [CO, + (NMHC, + CH, +CO)*® 10#]

5.3  Vehicles Opérat'mg on Fuels Containing Methanol

5.3.1 NMHC, = FID THC, - (fey, * CHJ - (tos,on * CH;OH, ) |
NOTE: .If NMHC, is calculated to be less than zero, then NMEC, = 0.

5.3.2 NMHC, = FID THC, - (fcy, CHus ) - (enou * CH,OH, )
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

5.3.3 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, where HCR = 4:
CO, = (1-0.03000 * CO, - 0.000323 * R, ) * CO,,

b) For M85 (85% methanol, 15% indolene), CH, 4, O » Where
HCR = 3.41: ‘

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

' 100%__ x '
: X + y/2 +3.76 * (x + y/4-2/2)

534 DF = | ‘
, . CO,, + (NMHC, + CH,, + CO, + CH; OH, + HCHO, ) * 10*
(where fuel composition is C,H,O, as measured for the fuel used.) \

vz
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5.4

5.5

6.1

a) For M100 (100% methanol), CH,OH, where x.= 1, y=4,andz = 1;
DF = 11.57/ [CO,, + WMHC,+ CH,, + CO, + CH,;0H, + HCHO, ) * 10% ]

b) For M85 (85% methanol, 15% Indolene), CH, 4 Oy, , where x = I,
y =341, and z = 0.72: " '
DF =.12.02 / [CO,, + (NMHC, + CH,, + CO, + CH,0H, + HCHO,) * 10*] _

Vehicles'OiJerating on Fuels Containing Ethanol

5.4.1

5.4.2

5.4.3

5.4.4

NMHC, = FID THC, - (ros, * CH,, ) - (toon * CH,OH,)
NOTE: If NMHC, is calculated to be less than zero, then NMHC, = 0.

NMHC, = FID THC, -- (TCH4 *CHy ) - (rczHSOH * CZHSOH‘-‘)

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

CO, =(1-(0.01 + 0.005 * HCR) * CO,, -0.000323 *R_) * CQo,,
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, . : . ' _ ' o
a) For E100 (100% ethanol), C,H;0H, where HCR = 3;

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

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

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

a) ~ For E100 (100% ethanol), CH,OH, wherex =1,y =3, and z = 0.5:

DF = 12.29/[CO,, + (NMHC, + CH,, + CO, + C, H, OH, + HCHO, ) * 10*]

All Vehicles

5.5.1

5.5.2

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

NMHC,,,, = NMHC,,, * NMHC,,,, * VMIX * 10

TOTAL WEIGHTED NMHC MASS EMISSIONS

All Vehicles
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6.1.1 NMHC,,

NMHCmass 1. + NMHCMSS 2
+ 0.57*

NMHC,,..
=0.43 *

+ NMHC 2

Dphascll + prase2 Dphasc's‘ | + Dphach

7. SAMPLE CALCULATIONS

7.1 Given the following data for a gasoline vehicle, calculate the weighted NMHC mass emission.

NMHC, \
: = 8.6 ppmC - (1.04 * 5.27 ppmC)
= 3,12 ppmC :

CO, = (1-0.01925*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, . :

="(1-0.01925 * 1.19% - 0.000323 * 38%) * 147.18 ppm
= 142.0 ppm ‘

DE = 13.47/[CO, + (NMHC, + CH,, + CO,)*10%

' 13.47
1.19% + (33.97 ppmC + 7.53 ppmC + 142.0 ppmC) * 107

= 11.15

NMHC... = NMHC, - NMHC, *[1 - (1/DF).

Date of Reiease: 2/13/96; second 15—d'ay changes
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Tet |FID | FID CH, |CH. |COa |COn |VMIX |Djuis |R |
Phase | THC, | THC, (ppmC) | (ppmC) | epm) | (%) (& | (mile) | (%)
(ppmC) | (ppmC) - : |
1 41.8 8.6 7.53 527 (1472 | 1.19 2846 3.583 | 38
2 13.0 |84 568 1510 208 080 14856 [3.848 |38
3 15.4 8.9 6.16 | 520 367 1.04 2839 3.586 | 38
For Phase 1:
NMHC,, = FID THC, - (fcy, CH,.)
' = 41.8 ppmC - (1.04 * 7.53 ppmC)
= 33.97 ppmC
= FID THC, - (te, * CHaa )




NMHC,, = 0.43*

= 33.97 ppmC - 3.12 ppmC * [1-(1/11. 15)]
= 31.13 ppmC _
NMHC,,,,, =NMHC,,, *NMHC,, * VMIX * 10¢
= 3113 ppmC * 16.33 g/fe * 2846 ¢ * 10

NMH.Cmass 1 = 1‘45 g )
Similarly, for Phase 2:  NMHC,,,, =0.33g
and for Phase 3: NMHBC,,,,; =0.27g

Therefore,

NMHC,,,,, + NMHC,,,, NMHC,,,; + NMHC,,_,
T+ 057

'DphnseS + Dphach

Dphascl . + D'pllmsc'?.

0272 +0.33 o
3.586 mile + 3.848_ mile _

= 0.43%_ 1455 +0.33 o +. 0.57%
3.583 mile + 3.848 mile

NMHC, .,

7.2 Given the following data for a vehicle operating on 85%

= 0.15 g/mile

calculate the weighted NMHC mass emission.

methanol and 15% gasoline (M85),

Test FID FID CH,, CH,, CHOH, | co,, [co, |vMx Dymen | R, HCHO,

Phase | THC, THC, PpmC) | (ppmc) | PP | (ppm) (%) (f) (mile) | (%) (ppm)
(ppmC) | (ppmC) . ' L K _

I 88.5 55 17.76 | 2.82 72.9 303.2 128 . | 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 3.58 | 32 0.12

[For this example, CH;OH, was assumed to be 0.0 ppmC for all three background bag sample-s.j

For Phase 1:
NMHC, = FIDTHC, - (rg, * CHi.) - (fenon * CH,OH, )
= 88.5 ppmC - (1.04*17.76 ppmC) - (0.66*72.9 ppmC)
= 21.92 ppmC .
NMHC, =  FIDTHC, - (ten, * CHaa) - (feron * CH,0H, )

Date of Release: 2/13/96; second [5-day changes
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5.5 ppmC - (1.04%2.82 ppmCy - (0.66*0.0 ppmC)




= 2.57 ppmC

CO, =  (1-0.02705*CO, -0.000323 *R,)*CO4

NOTE: If a CO instrument which meets the criteria specified in CFR 40, 86.111 is uséd 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
DE = 12.02/[CO, + (NMHC, + CH,, + CO, + CH,OH, + HCHO,) * 107]
= | 12.02 - o
1.28% + (21.92ppmC + 17.76ppmC + 289.6 ppmC + 72.9ppmC + 0.96ppm) * 10
= 9.10 IR o |
NMHC... =  NMHC, - NMHC, *[1-(1/DF)]
' = 21.92 ppmC - 2.57 ppmC * [1 - (1/9.10)]
= 19.63 ppmC
NMHC,,, =  NMHC,, *NMHC,, * VMIX* 10°
NMHC,., = 09lg
Similarly, Phase 2: NMHC,,,, = 0.0¢g
and for Phase 3: NMHC,_...; = 0.10¢g
* Therefore,
NMHC,_..., + NMHC_.,, NMHC,...s + NMHC2
- NMHC,, = 0.43* + 0.57*_ .
Dphlase! + Dansc'Z Dphasc 3 + Dphascz
= 043%_091g+000g -+ 057* 0.10g +0.0¢g

3.570 mile + 3.850 mile 3,586 mile + 3.850 mile

0.06 g/mile
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L1

1.2

2.1

2.2

3.1

Part C

'DETERMINATION OF ALLCOHOLS
IN AUTOMOTIVE SOURCE SAMPLES
BY GAS CHROMATOGRAPHY

METHOD NO. 1001

" INTRODUCTION

This document describes a method of sampling and analyzing automotive exhaust for
alcohols in the range of 8 to 1200 mieregrams ug per 15 milliliters{mL} of solution.
The "target” alcohols which shall be analyzed and reported by this method are

"methanol and ethanol. These alcohols, when present in concentrations above the LOD,

shall be reported.

This procedure is based on a method aevéloped' by ‘the.U. S. Envirenmental Protection

© Acency, (U.S. EPA) [Ref 9+4 6] which involves flowing diluted engine exhaust’

through deionized or purified water contained in glass impingers and analyzing this
solution by gas chromatography ¢6€). - '

1.3 " All definitions and abbreviations are contained in Appendix 2 of these test procedures.

METHOD SUMMARY

The samples are received by the laboratory in impingers. Compound separation and
analysis are performed using a GC. The sample is injected into the GC by means of 2
liquid autosampler. Separation of the sample mixture into its components constHuents

is performed by using a temperature-programmed capillary column eperated-with-a
temperature gradient. A Same-onizationdetector(FID) is used for alcohol detection
and quantification.

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

INTERFERENCES AND LIMITATIONS

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

Date of Release: 2/13/96; second 15-day changes
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3.2

4.1

5.1

5.2

5.3

5.4

confirmations using an alternate method and/or instrumentation, e.g., gas

ehfeﬂi&%egf&p%#mass—spee&eme{ef_(GC/ MS3.

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

INSTRUMENTATION AND APPARATUS ‘

For €ach mode of the CVS test, two sampling impingers, each containing a known

amount of deionized or purified water (e.g. 15 mL for this procedure), are used to

contain the sample, _ '

4.1.1 A temperature-programmable GC, equipped with a DB-Wax Megabore column

- (30 meter{my, 0.53 millimeter{mm) ID, 1.0 mierea—{u) film thickness) and

FID is used. Other columns may be used. provided the alternate(s) can be
demonstrated to be equivalent or better with respect to precision, aceuracy and
resolution of all the target alcohols. '

4.1.2 A liquid autosampler is required. :

4.1.3 A PC-controlled data acquisition system for quantitation quantifying ef peak
areas is required. :

REAGENTS AND MATERIALS

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

Ethanol ghall be absolute, ACS reagent grade.

#iats ASTM Type I purified or Type I deionized
water shall be used. o

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 8 approximately Zpebnl 10 mg/mL pereentby-volame 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 dejonized -
or purified water, e.g., 50 parts-per-million{ppm) pg/mL volusre-to-volome
4 is typical. ' -

3.4.2 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 updatecontrel-chasts-for each target alcohol. o

5.4.3 All standards should be refrigerated at less-than a temperatiire below 40° F
during storage. : _ : .

Date of Release: 2/13/96; second 15-day changes
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5.5

6.1

6.2

6.3

6.4

" Gas requirements. ‘
"~ 5.5.1 Air shall be "Zero" grade. "Ultra-zero" grade may be requ:red to achieve the

LOD required by Section 8.8.

~ 5.5.2 Nitrogen shall have a minimum purity of 99.998 percent.

5.5.3 Helium shall have a minimum purity of 99.595 percent.
5.5.4. Hydrogen shall have a minimum purity of 99.995 percent.

PROCEDURE

Each of the graduated fritted samphng impingers is filled w1th 15 mL of deionized or
purified water.

- The impingers are pldéed in an ice bath during the sampie collection.

After sampling, h g ten ’
solution contained in each impinger is transfer.red to a. v1al and sealed

- 6.3.1 - Samples shouléd shall be refrigerated {at a_temperature below 40° F orlowes) if

- immediate analysis is not feasible, or if fea.ﬂalysm at 2 later date may be
required. _

One microliter aliquots of unmodified samples are inje‘ctéd-via autosampler intc 4 GC.
Suggested standard operating conditions for the GC are:, eenfipured-as-folows:

Column: DB-w¥Wax, 30 m, 0.53 mm ID, 1.0y film thickness

Carrier gas flow Helium at 5 smilliliters per minute{mL/min}

Make-up gas fl_ :  Nitrogen at 25 mL/min

Detector:  FID, Hydrogen at 30 mL/min and Air at 300 mL/min

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

Column tFemperature: 50° C (1 min), 50° C to 70° C (5° C/min), 70° C to 110° C

(15° C/min), 110° C (4 min)
Data system: PC-based data acquisition system

_ 6.4.1. One calibration standard, one control standard, aﬁd 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 pesformed at least once per 24 hour period.

6.4.4 ¥or Samples containing compounds having concentrations above the
documented range of instrument linearity;tke-sarmple 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
fnecessary.

6.4.7 The target alcohol peaks at or above the mag&m&m—ﬂ-}ew&b}e—}rmﬁ—ef—éeeee&eﬁ

{L.OD3 are reported (Section 8.8). Hﬁ%&b@f&%&ﬁ—s—é&&&e&eﬂ—peaics—&t—ef

Date ofRélease: 2/13/96; second 15-day changes
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1.1

7.2

" 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)mPlc = Peak Areamph, X Response Factor
where the response factor (RF) is calculated during the cahbranon by

~ Concentration gy gewty -

RF =
- Peak Area,, .4

This concentration is then used to calculate the total amount of alcohol in each
impinger:
Mass (ug) = Concentratlon (;.zg/mL) x Impinger volurne (mL)

7.3 - Aninternal standard method may-also be used.

3.1

8.2

8.3

8.4

8.5

QUALITY CONTROL

Calibration and control standards are prepared at least every six months and analyzed
daily. :

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

Calibration Run. One run of the calibration standard is performed daily to generate the
response ealibration factor needed for quantitating guzintifying sample analysés.

Controi Standard Run. 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
calibration and/or control standards. :

Control Charts. A gQuality control chart{s} is are maintained for each analyte in ef the

“control standard sample. The control chartg, used on a. daily basis, establishes that the

method is "in “statistieal- control". The following describes how to construct a typical
control chart:

Date of Release: 2/13/96; second 15-day changes
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8.6

1. Obtain at least 20 daily control standard sample results; _

2. "Calculate the average control standard sample mean concentration and stanidard
deviationésy for the target analyteésy; and ) ' :

3. Create a control chart for the target analyteésy 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. - : '

3 x The measured concentrations of all target

analytes contained in the control standard must be within the control limits ("in- ‘
control") for the sample results to be considered acceptable. A control standard sample
measurement is considered to be "out-of-control” when the analyzed value exceeds the
3s limit, or two successive control standard sarple 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(%) = Difference between duplicate and original measurements x-100

Average of duplicate and original measurements

8.7

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

Averace Measurement for Duplicate Runs - Allowable RPD (%)

1to 10 _ times LOD - ’ 100
101020 A 30
20 to 50 "o _ | 20
Greater than 50 o | 15

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

the sample must be reanalyzed. If the criteria are still not met, all sampie results for
the day from this instrument must be deleted and the samples reanalyzed.

Linearity. A multipoint calibration to confirm eheekfor instrument linearity 1S
performed for all target alcohols for new instruments, after making instrument

" modifications which can affect linearity, and at least once every year six-fmonths. The

multipoint calibration consists of at least five concentration or mass loading levels, each -
above the LOD, evealy distributed over the range of expected sample concentration
Lneasity-of the-instrament. 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. '

Date of Release: 2/13/96; second 15-day changes
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.8.8  Limit of Detection. The LOD Hmitof-detection for the target alcohols must be
determined. for new instruments, after making instrument modifications which ¢an
affect the LOD and at least once every vear. every-six-months. - 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] Ref52):
: LOD = |bl + (txs)
- ‘ m'- R

absolute vnlia AF tha Tanat SaRares—Y interoant anlenlated Feonm tHhe multinaint data Q
aoyoroC Yy et O tHe 1 845t¢ SR A e O P e C RS- IO tHE Thratapoirn—aata—y

[b|_is the absolute value of the y-intercept. m is the slope of the linear regression, s is
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:

Degrees of Freedom t-value

4 3.1
3 34
6 3.1
A 3.0

#t-east-three-replieates-arerequired. The lowest standard must be of a concentration
of &t one to five times the estimated LOD detection-limit, i5-Rotavad i

>

Jyrs
-, O tl ¥+

8.8.1 The maximum allowable LOD for each alcohol is 0.50 pg/mL. The calculated
laboratory LOD must be equal to or lower than the maximum allowable TOD.
, All peaks identified as tarcet compounds that are equal to or exceed the
- maximum allowable LOD must be reported. If the calculated laboratory 1.OD
is less than the maximum allowable LOD, the laboratory may choose to set its
Ieporting limit at either the maximum allowable LOD or the calculated

laboratory 1.OD,

Date of Release: 2/13/96; second 15-day changes
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-

2 8 2. For the purpose of calculating the total mass of all species. the concentrations of
the compounds below the LOD are considered to be zero. ‘

Date of Release: 2/13/96; second 15-day changes
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1.1

2.1

2.2

2.3

2.4

2.5 -

. Part D

DETERMINATION OF C, TO C; HYDROCARBONS
IN AUTOMOTIVE SOURCE SAMPLES BY GAS CHROMATOGRAPHY

METHOD NO. 1002

. INTRODUCTION

This document describes a method of analyzing, by gas chromatography, C, to C;

hydrocarbons (light-end hydrocarbons) in the range of paris-pes-billion-earbon-(ppbC} from
automotive source samples. This method does not include sample collection procedures [Ref. -

8] Ref9-H. The “target” hydrocarbons which shall be analyzed and reported by this method
. and Msaethod 1003 are listed in Attachment Appendix 1. All compounds on thig list, when

present in concentrations above the TLOD, shall be measured and reported ("targeted”) by

" either Method 1002 or Method 1003. Each laboratory should divide the list into light-end

(Method 1002) and mid-range (Method 1003) hydrocarbons in the manner which best suits the
laboratory instrumentation.” All compounds on the list not targeted by Msrethod 1002 must be
targeted by Mrethod 1003. Mere-compounRasit A ad-than-theose-on-the-targeth

o o
oy 1T o1 TO

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

METHOD SUMMARY
This is a zapid 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 analyses analysis.

The gas chromatographic analysis is performed on a packed column operated isothermally at

35°C, or an Alumina (Al,0s) Perous-Layer OpenTubular-(PLOT) column temperature

programmed from O°C to 200°C. An fame-ionization-detestor<FID} is used for detection and
guantification.

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 normaily provide complete resolution of most target compounds.

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

Date of Release: 2/13/96; second 15-day ci‘xémges
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3.1

S 3.2

4.1

4.2

4.3

4.4

5.1

5.2

INTERFERENCES AND LIMITATIONS

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

similar to that of any the target fiydrocarbons described in this method. To reduce interference
error, proof of chemical identity may require performant periodic confirmations using an

alternate method and/or instrumentation, e.g., i phyi eetr:
{GC/MS), PheEeieﬂi%a&emq—deseee@f_(PID}, different column, etc.

To maximize sample integrity, sample bags should not leak or be exposed to bright light or
excessive heat. Sampling bags must be shielded from direct sunlight to avoid reactions
occurring due to reactive hydrocarbons. The compound 1,3-butadiene, most of which is in
CVS bag no. 1, is unstable. Therefore all CVS bag no. 1 samples must be analyzed within § 4
hours; CVS bag no. 2, CVS bag no. 3, and background samples must be analyzed within 24
hours, although analysis within 8 hours is recommended, S :

INSTRUMENTS AND APPARATUS =

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

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

A temperature-programmable GC equipped with a gas sampling valve system, a FID, and
accessories is required.

A stainless steel column [6 feet(ft) x 1/8 ineh{in)] packed with phenylisocyanate Durapak
80/100 mesh is used. An A} Alumina PLOT column (50-60 m x 0.32 mm) may also be
used. hﬁﬁ—beeﬂ—she’vm—te-beequeﬂ.g A wax precolumn is recommended to prevent water
damage to the PLOT column. Other columns may be used. provided the alternate(s) can be

demonstrated to be equivalent or better with Iespect to precision, accuracy and resolution of all

the target hydrocarbons.

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

An electronic integrator for quantitation of peak areas is required. If the data acquisition
system cannot record the chromatogram, an analog recorder is also required.

REAGENTS AND MATERIALS

-Helium shall have a minimum purity of 99.995 percent. Higher purity helium may be

required to achieve the LOD required by Section.8.7.1.

Hydrogen shall have a minimum purity of 99.995 percent.

Date of Release: 2/13/96; second [5-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‘.99_§ percent.

5.5  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
linearity of the method (see section 8. 6) Th1s propa_ne standard must be traceable toa NIST—

certlﬁed SRM asda Material : A

beeﬂ—eempafeé with not more than one mtermedlate standard te—a—NIST—eemﬁeé—SI@é 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 Msrethod 1002 or 1003.

5.6 Control Standard - A quality centrol standard, containing at least ethene, propane, n-butane,
and 2- -methylpropene with a concentration between 0.2 and | parts-pesmition-easben<{ppmCy

based on a propane standard, is used for the following quality control purposes:

1 Daily update of control charts, and

Date of Release: 2/13/96; second 15-day changes. ‘
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2.

Daily determination of marker retention time windows. .



6.4  Introduce the sample into the carrier gas stream through the injection valve. "

6.5  Fach separated comporient exits from the column into the FID where a response is generated.

6.6 Con'céntrations of hydrocarborns are calculated by an electronic integrator deviée, which has
been calibrated using a NIST-traceable propane calibration standard.

- 6.7 For cornpounds havmg concentrations above the documented range of instrument linearity, a
smaller aliquot must be taken (for manual systems a smaller syrmge or smaller 100p, for

automated systems, a smaller loop).

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

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

1 6.10 All The peaks areas-of identified as target compounds (Appendix 1) at or above the maximum
etl-lcew&hle LOD are reported (Sectzon 8.7). A{—Ehe—}a—be;&teﬁ‘—ﬁ—éﬂ%f&&@ﬂ—?edﬁ‘&t—ef—abe%

6.11 Target compounds which coelute are reported as the major component, as determmed by the
analysis of several samples by GC/MS or other methods. An exception to this is m- and p-
xylene, where GC/MS data and fuel profiles are used to determine the relative contribution of

each component to the peak, This method was used to determine the m- and D-xvlene MIR
value given in Appendix 1.

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-(—eﬁupi-eaiﬁ'—-l—é—m%ﬁ&} i‘s allowed after back-flush of the
packed column to re-establish the required temperature of the column...

7. CALCULATIONS

Date of Release: 2/13/96; second 15-day changes
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7.1

3.1

8.2

8.3

8.4

The target hydrocarbon concentrations, in ppbC, are calculated by the data s’ystfem using

propane as an external standard.

: Concentrationsmnplc {(ppbC) = Peak Area,, ... x Response Factor _
where the response factor (RF) is célculatéd during daily célibra_tio_n_ by:

RF = Conce_ntration of NIST-traceable propane standafd. ppbC
Area of propane peak

QUALITY CONTROL

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

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

response ealibration factor needed for quantitating guantifying sample analyses.

Control Standard Run. One run of the quality control standard is performed daily.

Measurements of all compounds in the control standard must fall within the control limits

before sample analysis may proceed. To meet this requirement, it may be necessary to inspect
and repair the GC, and rerun the calibration and/or control standards.

Control Charts. A Qquality control chartés)-are is maintained for each éomponent of the

control standard sasple. The control charts, used on a daily basis, establishes that the method
is in- “statistieal control." The following describes how to construct a typical control chart:

L. Obtain at least 20 daily control standard sample results;

2. Calculate the average control standard sample mean concentration and standard
deviations) for the each target hydrocarbon; and _ _

3. Create a control chart for the eaeh 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. ' ‘

Date of Release: 2/13/96; second 15-day changes
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8.5

3.6

8.7

L

" ¢ The measured concentrations of all target
hydrocarbons contained ¥sted in the control standard sample 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
seasurement 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 (%) = Difference between duplicate and original measurements x 100 _

Average of duplicate and original measurements

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

Average Measurement for the Duplicate Runs | ~ Allowable RPD (%)
1to 10 . fimes LOD 100
10 to 20 " " 30 ‘ :
01050 S 200 S
Greater than 50 " " ' 15

If the results of the duplicate analyses do not meet these criteria for all- target hydrbcarbqfxs in
the control standard, the sample must be Teanalyzed. If the criteria are still not met, all sample
results for the day from this instrument must be deleted and the samples reanalyzed.

Linearity. A multipoint calibration to confirm eheelkfor instrument linearity is performed for

the target hydrocarbons in the control standard for new instruments. after making instrument
. modifications which can affect linearity, and at least once every year 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‘constmcted, a5 specified in section 8.4. except
usine calibration standard area counts rather than control standard concentrations. When the
standard area counts are out-of-control, corrective action(s) must be taken before analysis may
proceed. The multipoint calibration consists of at least five concentration or mass loading
levels (using smaller or larger volume sample sizes of existing standards is acceptable), each
above the LOD, eventy distributed over the range of expected sample concentration Eneasityof

. theinstrument. Each concentration level is measured at least twice. A linear regression

analysis is performed using concentration and average area counts to deterinine the regression
correlation coefficient (). The r must be greater than 0.995 to be considered sufficiently
linear for one-point calibrations. '

Limit of Detection. The Lmit-efdeteetion LOD for the target hydrocarbons in the control
standard must be determined must be determined at least once every year six-months. unless a
daily check of the instrument response indicates that the LOD has not changed. To monitor

" Date of Release: 2/13/96; secand 15-day changes ;
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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 standard area counts are out-of-control, corrective action(s) must be taken before
analysis may proceed. 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. 9] Ref 9.2y

LOD = bl + (txsg) -

| lia ¢
A -is-the-absolute

) Fation 5
vatue-of-the-Jeast-squares-X intércept-caleulated from-the-multipeint-data—S [b| is the absolute
value of the y-intercept, m is the slope of the linear regression. s is the standard deviation of
at least five replicate determinations of the lowest concentration standard, and t is the t-factor
for 99 percent corifidence 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:

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

. The lowest standard must be of a concentration of at one
to five times the estimated LOD detectionlimit, i5 i i i

- 8.7.1. The maximum allowable LOD for each compound is 20 ppbC prepane. The calculated
laboratory TOD must be equal to or lower than the maximum allowable LOD. All peaks
identified as target compounds that are equal to or exceed the maximum allowable LOD must
be reported. If the calculated laboratory LOD is less than the maximum allowable LOD. the-
laboratory may choose to set its reporting limit at éither the maximum allowable LOD or the
calculated laboratory LOD. ‘ : ‘

8.7.2. For the purposes of calculating the total mass ppb&) 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: 2/13/96; second I5-day changes
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1.1

2.1

2.2

2.3

2.4

2.5

Part E

DETERMINATION OF C, TO C,; HYDROCARBONS
IN AUTOMOTIVE SOURCE SAMPLES BY GAS CHROMATOGRAPHY

METHOD NO. 1003

INTRODUCTION.

This document describes a method of analyzing, by gas chromatography, Cg to Cy,

* 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,

© 71 Ref9-1). The target hydrocarbons which shall be analyzed and reported by this method

and Msmethod 1002 are listed in attachment Appendix 1. All compounds on this list. when
present in concentrations above the LOD. shall be measured and reported ("targeted") by
either Method 1002 or Method 1003. Each laboratory should divide the list into light-end
(Method 1002) and mid-range (Method 1003) hydrocarbons in the manner which best suits the

' laboratory instrumentation. All compounds on the list not targeted by Msrethod 1003 must be
targeted by Mmethod 1002. Mere-compa ands-may-be-mea hanthe et i

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

- METHOD SUMMARY
“This is a rapi¢ method intended for routine analysis.

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

ehromatosraph{GC) for separation and analysis anatyses.

The gas chromatographic-analysis is performed through a temperature-programmed capillary

column. eperated-usins—eradientiemperature. A flame-tonization-deteeter{FID) is used for
detection. A-photeionizationdetector{RID-may be-useatonerp with-compound 4

The sample is injected into the GC by means of gas sampling valves. Separation of the sample ~
hydrocarbon mixture into its components eesstituents 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 response calibration factor determined from with NIST-traceable standards.

Date of Release: 2/13/96; second 15-day changes
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3.1

32

4.1

4.2

. alternate method and/or instrumentation, e.g.,

INTERFERENCES AND LIMITATIONS

An interferenee 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

{GC/MS3, pheteionization-detecter(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 thickness, nominally 5 to 10 liters in capacity and equipped with

- quick-connect fittings, are used to contain the samples.

For manual sub-sampling into a GC, a ground glass syringe is used to transfer gaseous samples
from Tedlar bags to the GC sample inlet. For automated systems, a sample loop is used to

- - transfer gaseous samples from the Tedlar bag to the sample inlet of the GC. Sample aliquot

4.3

4.4

5.1
5.2

5.3

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 :

size is chosen based on considerations of instrument sensitivity and/or linearity.

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

A non-polar capillary column -le. 2., J&W DB-1, 60 m x 0.32 mm ID, film thickness 1.0

ieren u] is used. Other columns may be used, provided the alternate(s) can be demonstrated
to be equivalent or better with. respect to precision, accuracy and resolution of all the target

hydrocarbons. '

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

A computer-controlled data acquisition system is required for the quantifying quantitation-of
peak areas. : - '

REAGENTS AND MATERIALS

Helium shall have a minimum purity of 99.995 percent. Higher purity helium may be
required {o achieve the 1OD required by Section 8.7.1. .

Hydrogen shall h;'ive a minimum purity of 99.995 percent.

Air shall be "Zero" grade. "Ultra-zerq" 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 shall be
propane at a concentration level between 0.25 and 1 ppm-mole and within the calculated
linearity of the method (see secuon a. 6) ThlS propane standard must be traceable to a NIST- '
cert1ﬁed SRM te-aStarda Materia ‘ ane-by Nationa]

beeﬂ—eemﬁafeé w1th not more than one mtermedmte standa:d—te—a—}HSZI‘—eef&ﬁeé—SP&&
~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
reguired for calibration of Msmethod 1002 or 1003.

5.6  Control 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 pasts
per-million-earbon{ppmC} based on a propane standard, is used for the following quality
control purposes:

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

Date of Release: 2/13/96; second 15-day changes
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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 seri-annually for linearity determinations. The high
concentration ealibration 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.

58 Liquid nitrogen may be required is-used to cool the cryogenic trap and column oven where
applicable. ' I

6. PROCEDURE
6.1  Typical operating conditions.

6.1.1 Suggested operating conditions for the manual GC are: '
Helium carrier gas average-linear velocity: 30 cny/sec eentimetersisecond at 200° C

Nitrogen make-up gas flow: . sufficient such that the total flow of helium plus
- npitrogen is 30 mL/min
Hydrogen gas flow (for FID): 30 mL/min
"Zero" air gas flow (for FID): 300 mL/min
" --Autozero FID and-PID at: 0.0 min
Range 11, Attenuation 8 (or ariother 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 conditions for the automated GC are: 7
Helium carrier gas average-linear velocity: 20 30 cm/secend at 200°C

Nitrogen make-up gas flow: - sufficient such that the total flow of helium plus
nitrogen is 30 mL/min
Hydrogen gas flow (for FID): -30 mL/min
“Zero" air gas flow (for FID): 300 mL/min
-Range 11, attenuation 8 (or another suitable value)
Sample valve temperature; 150°C
Detector temperature: _ 256300°C _
Column Temperature: Initial temperature @ -50°C (5 min), 5°C/min to

-50°C, 10°C/min to 200°C

Date of Release: 2/13/96; second 15-day changes
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6.2

7.1

Data Reduction

6.2.1 All peaks identified as target compounds (Appendix 1) at or above the ma:}am&m

aﬂ%&b}e—lﬂmt—ef—ée%ee&en—@OD} are reported (Section 8.7).

Salanlotad in aantios @ 7 mnav ha oy et Tha nnlisy
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o
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6 2.3 The results are exammed to see that the peaks are correctly iéen&ﬁeé—aﬂé 1ntegrated

6.2.4 Afterrunning a partlcularly "dirty" sample, the analyst should run a blank before

proceeding to the next sample as there may be sarnple carryover or flush the samphno' system

with air.

6.2.5 The peak 1dent1ﬁcat10ns provided by the computer are rev1ewed and, if necessary,

corrected using the following procedure and criteria:

() 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 using the relative
retention times based on reference calibration runs.

(3).  Confirm that the relative peak heights largest-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. ‘

(5)  Any peak w1th a reasonable doubt is labeled "Unidentified'.

6.2.6 The concentrations of the hydrocarbons are calculated by an electronic integrator -

device. :

6.2.7 Target compounds which coelute are reported as the major component, as determmed

by the analysis of several samples by GC/MS or other methods. An exception to this is m-

and p-xvlene. where GC/MS data and fuel profiles are used to determine the relative

contribution of each component to the peak. This method was used to determine the m- and D-

xylene MIR value given in Appendix 1.

’

CALCULATIONS

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

Concentration g, (ppoC) = Peak Area .. X Response Factor
where the response Factor (RF) is calculated during daily calibration by:

RF = Congentration o'f NIST-traceable propane standard, ppbC
Area of propane peak .

QUALITY CONTROL

" Date of Release: 2/13/96; second 15-day changes
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. 8.1

8.2

8.3

8.4

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 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 staridard, 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.

Calibrat’ibn Run. One run of the calibration standard is performed per day to generate the
response ealibration factor needed for quantitating guantifying sample analyses.

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

Control Charts. A Qquality control chart{s} is are maintained for each component of the
control standard sample. The control charts, used on a daily basis, establishes that the method
is "in- “statistieal control”. The following describes how to construct a typical control chart:

1. Obtain at least 20 daily control standard sample results, -

2. Calculate the average control standard sarple mean concentration and standard

, deviation{s} for the each target hydrocarbon, and S

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 npper control
limit and a lower control limit at three standard deviations (3s) above and below
the average concentration.

The-control-sample-must-be"ineontrol for The measured concentrations of all target

hydrocarbons contained in the control standard sample 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

measurement exceeds the 3s limit, or two successive control standard safiple measurements of

the same analyte exceed the 2s lLimit.

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 original measurements

Date of Release; 2/13/96; second 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 foilowing table:

Average Measurement for Duplicate Runs - Allowable RPD (%)
1to10 times LOD : 100
10 to 20 " " 30
20 to 50 " " - 20

Greater than 50 o " 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 reanalyzed.

Linearity. A multipoint calibration to conﬁrm checkfor instrument linearity is performed for
all target hydrocarbons in the control standard for new instruments, after making instrument -
modifications which can affect linearity. and at least once every year six-monaths: unlessa

 daily check of the instrument response indicates that the linéarity 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 standard area counts are out-of-control, corrective action(s) must be taken before -

' analysis may proceed. The multipoint calibration consists of at least five concentration of

mass loading levels (using smaller or larger volume sample sizes of existing standards is -
acceptable), each above the LOD, evenly distributed over the range of expected sample
concentration hﬂe&ﬂiy—eﬁhe—m&mmeﬂ{ Each concentration level is measured at least.twice.
A linear regression analysis is performed using concentration and average area counts 1o

_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 Lmit-of detection for the target hydrocarbons in the control
standard must be determined for new instruments and after making instrument modifications
which can affect linearity and/or sensitivity and at least once every year six+months: unless a
daily check of the instrument response indicates that the TOD 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 concenrations.
When the standard area counts are out-of-control, corrective action(s) must be taken before
analysis may proceed. To make the neeessary calculations, it is necessary to periorm 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—¥)

LOD = |bl 4+ (tx3s)

m

Date of Release: 2/13/96; second [5-day changes :
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Ib] i$ the absolute

value of the y-intercept, m is the slope of the linear regression, s is the standard deviation of
at least five replicate determinations of the lowest conceniration 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:

Degrees of Freedom t-value
3.7
3.4
3.1

I3 BN e e
L
]

At—l&’lﬁt—%hfee—fephea%es-afe-fequeé The lowest standard must be of a concentration of at one

to five times the estimated LOD deteetion-Limis.

'8.7.1 The maximum allowable LOD for each any compound is 20 ppbC prepane. The

calculated laboratory LOD must be equal to or {ower than the maximum allowable LOD, All
peaks identified as target compounds that are equal to or exceed the maximum LOD fust be
reported. If the calculated laboratory LOD is less than the maximum allowable LOD. the
laboratory may choose to set its reporting limit at either the maximum allowable LOD or the
calculated Iaboratory LOD.

8.7.2 For the purposes of cé.lculating the total mass ppbC) of all species, the concentrations
of the compounds below the LOD are considered to be zero. ‘

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. ' -

%
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1.1

3.1

Part F

DETERMINATION
OF ALDEHYDE AND KETONE COMPQOUNDS
IN AUTOMOTIVE SOURCE SAMPLES
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

METHOD NO. 1004

INTRODUCTION

‘This document describes a method of analyzing automotive engine exhaust for aldehyde 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 pg are measured by this method. The target”
carbonyls which shall be analyzed and reported by this method are listed in Appendix 1. -are
formaldehyvde scataldeh : nranianald da aptuealdehvda hayasn]

ks vedn napalele omatanas ahyrda 1t o
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All of these carbonyl comoo.un.ds. when present .in co
LQOD, shall be reported..

ncentrations above the

] CHCTad yat;—vda

| This. procedure is derived from a method used by Hull [Ref. '10! Ref0D).

A1l definitions and abbreviations are contained in Appendix 2 of these test procedures.

'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 cartridges are then eluted with 5 mlI, acetonitnle.

Separation and analysis are s performed using a H}g—h—}%—?f@f-fﬂ&ﬂ%&—k}&ﬁid—ehfe'm&f&gfﬁﬁh

HPLC with an yltraviolet 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 chémical identity may require performanee-of periodic
confirmations using an alternate method and/or instrumentation, €.g., alternative HPLC
columns or mobile phase compositions. ‘

F-1



3.2

4.1

4.2

5.1

5.2

If samples are not analyzed the same day as received, they must be transterred-to-glass bottles:
sealed;-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.

When using the DuPont Zorbax column des'cribe_d in Section 4.1.5, methy! ethyl ketone -
(MEK) and butyraldehyde tend to coelute. o

When using the Delta Bond column described in Section 4.1.5, formaldehvde tends to coelute
with an unknown, non-carbonvl compound. and the toludldehyde isomers tend to coelute. The
guard column for the Delta Bond column must also be changed frequently in order to prevent
the coelution of butyraldehyde and methacrolein.

INSTRUMENT AND APPARATUS
The HPLC analytical system consists of the following:
4.1.1 Dual high pressure pumps,

4.1.2  Automated gradient controller or puriip module controller.

4.1.3 Temperature controller module for the column oven. _
4.1.4 A liquid autosampler.

4.1.5 The primary system incorporatés two DuPont Zorbax ODS ¢olumns in tandem and a
guard column, (2 eertimeters cm long packed with LC18 5 mierometers{umy pellicular
beads). The secondary system incorporates a Delfa Bond AK (4.6 mm ID x 200 mm)
packed column with a guard column (2 cm long packed with LC18 5 um pellicular
beads or equivalent). Other columns may used, provided the alternate(s) can be
demonstrated to be equivalent or better with respect to precision, accuracy and
resolution of all target carbonyls. '

i

4.1.6 An ultraviolet/visible (UV/VIS) detector.
4.1.7 Data system for peak integration.

Sample collection containers are glass impingers- or DNPH-impregnated cartridges may-aise

.REAGENTS AND MATERJALS

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

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

Dale of Release: 2/13/96; second [5-day changes
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5.3 2,4-Dinitrophenythydrazine {DNPH), purified, Radian Corporation Eastsras 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
acetpnitrile into the HPLC. '

5.4  Sulfuric acid, or perchloric acid, analytical reagent grade, (Baker Analyzed or equii'alent).

5.5 S—y&&h&g&ed—z—ﬂ—d-kﬂiﬁfeﬁheﬁﬂhj‘dfﬂeﬁeﬁfef_g% The carbonyl/2.4-dinitrophenylhydrazone
(DNPH) complexes [Ref. 111 listed in Table F-1 may be purchased (e.g., Radian Corporation,
in 1.2 mL ampules) or prepared in the laboratory. In-house standards must be recrystallized at

least three times from 95 percent ethanol. are: ' ' :

‘ TABLE F-1 ' ‘
PROPERTIES OF CARBONYI./2.4-DNPH COMPLEXES .

" Molecular - Melting .
Complex Weight (g/mole) Point °C
formaldehyde ' 210,15 : 165-166
acetaldehyde | - - 224.18 152-153
acrolein | I ©236.19 | 165t
acetone ' 238.20 125-127
propionaldehyde 238.20 144-145
butyraldehyde 252.23 119-120
hexanaldehyde 280.28 _ 106-107
benzaldehyde 286.25 240-242
methyl-ethyl-ketone o 252.53 117-118
methacrolein ‘ ' 250.21 200-201
crotonaldehyde 250.21 . 185-188
valeraldehyde - 266.26 107-108

m- tolualdehyde ' 300.27 - 212

This compound has been known to decompose.

Date of Release: 2/13/96; second 15-day changes .
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6.1+

6.2

6.3

64

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

PROCEDURE

For systems collecting the samples via impingers, aAn absorbing solution is prepared by
dissolving 0.11 - 0.13 grams of recrystallized DNPH in 1 LterL) 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
additienof contaminant-free dilute solution of DNPH and analyzing by ed-inthe HPLC.

n AN®
o

6.1.12. TIn 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 sulfuric acid or 0.15 mL
of 3.8M perchloric acid to each impinger. ' -

TYATDIT fonnmraanntad cartedone oAy nlon hagead o anliant anrhanulcamnlac Ag tho
DINT T o o ate Tl O THA Y SIou U BSea O CORCOtT D OITy r—oanmprogs TXL LWk
walhiiman hataag coonlod F1 T foemimaata e bnnls o aneterdon 1o naada Toaua tha ractmdoas
FOTHNC ST T roAa LT R Tyt my e EaT A LA L ey S e S AR P L ¥ L v o B e v s o O 7§ AT S S R ALY

eapped-

For systems collecting the samples via cartridges, DNPH-impregnated cartridges shall be
sealed and refrigerated, at a temperature less than 40°F, upon receipt from manufacturer, until

ready for use.

6.2.1 At the exhaust volumes being sampled (1 L/min), a back-up cartridee may be i'ed-"uired
for CVS phase 1 but no back-up cartridee is needed for CVS phases 2 and 3. N

Conrnant tha 1 MITUEAr a0 1 cartad nrad oan tha anon ardo ta mratrant Aot o afio aAco
Connoot e InTp pears I oTes T Cap e U criasTto preyenT COTITaT IO | DGO
cpfe of i caen fnnrimdoacy Ara mos rad vy by tha Abamaatiua tock moreannal fom geramlieo
STt O TN pPIT E Ty ot g ooy e et Loy A~ ettty o tToT P yUTIITeL IO STITTP LIS
Aftor tha aarmnline hao hasrn poranlatad  aae +1h AT ACATS . OT pnrtr doag and rafipenotharm fa tha
AT T O Ty AT CoOT et edp el ETSITEoy AT FUAL T e (= Favra-s gy s FAv A e LA a7 g

laberatery. After sampling At-the-laberatoryy uncap and place all the impingers ané-the-field
blark-impinger in preheated water at 70-80°C for 30 minutes (min) to complete derivatization.
Heating is not required when using perchloric acid.

6.3.1 For sampling—with cartridges, remove the caps and extract with 5 mL écetonitr_ile,
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.

6.4.1 Replacine lost solvent is not required when usine an internal standard method {Section-
7.4). ‘

Date of Release: 2/13/96; second 15-day changes
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6.5 Transfer the solution from each .i_mpi'_nger/c'artﬂdgc .to.lglass vials and seal with new septum
- screw caps. ~

6.6  Place the vials containing blank, working standard, control standard,‘ and s'amp'les into the
autosampler for subsequent injection into an HPLC. Suggested _standard_.operating conditiong

for the HPLC are: ~configured-as-follows:

Primary System: o
" Columns: = 4.6 milimeters{mm) ID x 250 mm x 1/4 inches OD Dupont Zorbax
' ~ ODS two columns in series, Guard column - 2 c¢m long packed with C18
_ 5 pm pellicular
Column temperature; 40°C o ‘

Detector: UV/VIS at 360 nanemsters nm

Sample volume: 20 10 mieroliters uL '

Solvent A: acetonitrile '
Solvent B: 10 percent (volume/volume) methano! in water
Flow: 1 mL/min .
Program - 50 percent A, 50 percent B 0 (initial time)

65 percent A, 35 percent B 0 to § 2 min
. 100 percent A, 0 percent B 5 2 to 35 22 min
0 percent A, 50 percent B 3522 to 36 37 min

59—pefee*ﬂ9&—59—pefee;}t-3 36-to-46—"(held)

Under the above configuration. methyl ethyl ketone and butyraldehvde tend to coelute, In order to
report these compounds. it is necessary to analyze the samples using a_secondary system. The
tolualdehyde isomers (m-, p-. and 0-) are separated using this confizuration. The reporting of
tolualdehyde is addressed in Section 7.4. : ' :

Secondary System: o
Columns: Delta Bond AK. C18 (4.6 mm ID x 200 mm x 1/4 in OD) packed

column, Guard column - 2 ¢ long packed with CI18 5 um pellicular
Column temperature: 40°C

Detector: UV/VIS at 360 nm

Sample volume: 10 uL

Solvent A: ' - purified water

Solvent B: acetonitrile

Fiow: 1.5 mL/min

Program - .65 percent A, 35 percent B (initial time)

65 petcent A, 35 percent B 0-5.5 min

F-6



Th1s secondary system is not used to report all comoounds because formaldehvde tends to coelute with

1 non-carbonyl compound. If this coelutign is resolved, the secondary svstern mav be used alone to

analvze all carbonyl compounds. The tolualdehyde isomers. however, are_not separated w1th this

_ configuration. The reporting of tolualdehyde is addressed in Section 7.4.

6.7

6.8

7.1

7.2

. Data System: The outputs from the UV/VIS detector are sent {0 a PC-controHed data

acquisition system.

The peak integrations are corrected as necessary in the data system. Any misplaced baseline

--segrents are corrected in the reconstructed chromatogram.

The target carbonvl peaks at or above the maaﬂ—mam—ai-}ew&ble—hmi{—e@-ée%eeﬁeﬂ LOD are
reported (Section 8.10). At-the aleuls

atiarm @ 1N paney ha mamastad  Th 11l
~ a £y

n‘r JVULLUAI e LW lllu)’ vy

allowable- LOD.

.

"~ CALCULATIONS

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

carbony1/2 4-dinitropherytirydrazore DNPH mass.

‘The mass of each carbonyl compound, gg per -Lé?—mls 1mp1nger or cartridge, is detemned by
the following calculation:

Mass e = Peak Areasamplc x Response Factor x Impinger (or Cartﬁdge) 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:

RF = Concentration... ... (uais ug 7.4- DNPH species/mL)
Peak Area, a4

For tolualdehvde, the so'm of all isomers present is reported as m-toluatdehyde.

7.3.1 Under the conditions of the primary systemn in Section 6.6, the isomers are separated.
The m-tolualdehvde response factor is applied to each peak and the sum reported as m-

tolugldehyde. ‘

732 Under the conditions of the secondary system in Section 6.6, the isomers coelute. The
m-toluzldehvde response factor is applied to the single tolualdehyde peak. This
concentration is reported as m-tolualdehyde.

An internal standard method may also be used.

Date of Ralease: 2/13/96; second 15-day changes
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8.1

8.2

8.3

8.4

8.5

QUALITY CONTROL

Reagent Blanks. The solvents used afe of the highest HPLC grade and are ehecked-at—least
i i ities i ' - tested for impurities when a new Iot number
is used. If this lot number is found to be acceptable, (no carbonyls present at concentrations at

- Or ab_ove the 1OD), daily blank analysis is not performed:

Carbonyl/2.4-DNPH Phenyihydrazone Purity. The carbonyl/ 2,4-dinitrophenythydrazones
DNPHs are checked for purity by their melting points and their chromatograms (Seg Table F-
1). Analysis of the solution of carbonyl/2 4-DNPH phenylhydrazene must yield only the peak
of interest. No contaminant peaks above the LOD should be observed.

Calibration Run; One run of the calibration standard is performed atdeast daily to generate the
response ealibration factors needed for quantifying sample analyses. ‘

Control Standard Run. One run of the quality control standard is performed at-least 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 meet this
requirement, it may be nécessary to rerun the calibration and control standards, and inspect
and repair the HPLC. : '

Control Charts. A Qquality control chart{s) is are maintained for each component of the
control sample, except acrolein. The control chartg, used on a daily basis, éstablishes that the
method is "in- “statistieal control.” The following describes how to construct a typical control
chart:. ' : : : ' -

Obtain at least 20 daily control standard sample results, _ ,

Calculate the average control standard sample 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 Dsaw 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. .

Fhe-control-sample-must-be-"incontrol” foi The measured concentrations of all target analytes

contained in the control standard must be within the control limits ("in-control") for the sample
results to be considered acceptable. Due to the low variability of the carbony! control standard
measurements; a 4 control standard sample measurement is considered to be “out-of-control"
when the analyzed value exceeds either the 3s limit, or the range of + 10% of the mean
control measurement, whichever is greater, or if two successive control standard sample
measurements of the same analyte exceed the 2s limit. No control requirements have been
established for acrolein, since it has been shown to degrade over time. B

B —

Date of Release: 2/13/96; second 15-day changes 3
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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 used is analyzed as a field blank.

8.7 At least Oone cartridge per batch is 'analyzed as a batch blank.

8.8  Duplicates. A duplicate analysis of one sampie 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:

Averaee Measurement for Duplicate Runs

Allowable RPD (%)

1to 10
10 to 20
20 to 50
- Greater than 50

times LOD 100
" " oo ‘ . 30
" " . 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 e deleted and the samples reanalyzed. '

8.9  Linearity. A fnultipoint calibration to confirm eheek—for instrument linearity is performéd for

all target analytes for new instruments, after makine instrament modifications which can affect
linearity, and at least once every year. six-months: The multipdint calibration consists of at
least five concentration or mass loading levels (using smaller or larger volume sampie sizes of
_ existing standards is acceptable), each above the LOD, evenly distributed over the range of ‘
expected sample concentration Haeasityofthe-instrumeat. Each concentration levei is

measured at least twice. A linear regression analysis is performed using concentration and
average 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

Timit of Detection. The Lmit-of-detection LOD for the target analytes must be determined for

new instruments. after making instrument modifications which can affect the LOD and at ieast

once per vear. every-six—enths. To make the neeessary calculations, it i3 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

93):

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95
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where eah-term-in-the-equation is expressed-in-coneentration-unitsand-| A-s the absel
te ata—S |bl is the absolute -

value of the y-intercept, m is the slope of the linear regression. s is 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;

aualie af tha Tanoe Srminean N2 b Alarlatad frora th
LS TN L T o p vy g AW s 1 ) S UTTLAT X it prooreUarc GG 3

1mot
POt

Degrees 'of Freedom . tvalue
3.7
3.4

=X ISh o
(FC I IV)
O f—

[.

A i - . The loweS§ standard must be of a concentration of at one
to five times the estimated 1.OD detection-limit, 1f i i : i

Date of Releass: 2/13/96; second 13-day changes
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8.10.1 The maximum allowable LOD is 0.06 pg carbonyl derivative/mL. “The calculated

laboratory LOD must be equal to or lower than the maximum altowable LOD.

All neaks

dentified as target compounds that are equal to.or exceed the maximum allowa

i

ble LOD must

he maximum allowable LOD, the

De TED

orted, If the calculated laboratory LOD is less than t

ither the maximum allowable LOD or the

laboratory may choose to set its reporting limit at-e

calculated laborato

LOD.

8.10.2_For the purpose of calculating the total mass of all species. the concentration of the

compounds below the L.OD are considered to be zero.
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1.1

2.1

Part G

DETERMINATION OF NMOG MASS EMISSIONS

INTRODUCTION

‘ Neﬂ;meeh-aﬂé—efgaﬂie—gases—@‘IMOG} mass emissions consist of non-methane

hydrocarbons and oxygenated hydrocarbons.

All definitions and abbreviations are set forth in Appendix 2 of these test ﬁrocedu'res.
NMOG WEIGHTED MASS EMISSIONS -

NMOG weighted mass (wm) emissions shall be calculated as follows:

NMOG,. = zchw;, + TROH,. + ZRHO,,

Non-methane hydrocarbon weighted mass emissions (NMHC,) can be determined by -
cither flame jonization detection-(FID} or gas-ehromategraphy<GC).- If the FID
method is used to calculate NMHC,,, refer to Part B of these test nrocedures 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" seetion contained herein.
Carbonyl weighted mass emissions (RHO,,,,) are to be calculated according to the
section 5 "Carbonyl Mass Emissions Calculation” seetion contained herein. For
alcohol fueled vehicles, alcohol weighted mass emissions (ROHgw ) are to be calculated
according to the section 4 "Alcohol Mass Emissions Calculation™ sectior contained
herein. ' - '

Date of Release: 2/13/96; second 15-day changes
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1.1

2.1

2.2

3y

4.1

3. SPECIATED HYDROCARBON MASS EMISSIONS CALCULATION

INTRODUCTION

Vehicular exhaust emissions are measured according to the Federal Test Procedure FTP
[Ref. 1] €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 ft® tedlar bég is used to collecta -
composite dilution air (background) sample from all three phiases of the FTP. All bag
samples are analyzed according to Method No. 1002 (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 equations to calculate

the weighted mass emissions of each hydrocarbon compound.
HC MASS EMISSIONS CALCULATION PER TEST PHASE .

HC = (HC. *HC,,, * VMIX * 10 }/ (Carbon No.)

mass o

HC,., = HC -(HC, *(l- (1/DE))
NOTE: If HC,,, is calculated to be less than zero, then HC,, = 0.

WEIGHTED HC MASS EMISSIONS CALCULATION

. * (Hcmnssl + H-Cmassz) (Hcmasﬂ + HCmass2 ) .
"HC,, = 0.43 * g ' 4+ 0.57 % : '
' _ (Dphases + Dippase2 ) ‘ (Dphasc'z" '+ Ditasen )
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: 2/13/96; second 15-day changes
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Tet | HC, |HC, FID | CH, |CO. |COum |R (%) | VMIX | Dy
Phase | onc) | @pbC) | THC, | @emC) | (%) | (PPM) (| (mile)
‘ (ppmC) '
l 500 |25 98 16 120 (280 |28 2846 . | 3.584
2 100 25 22 4 0.95 | 87 25 | 4854 | 3.842
3 120 |25 |29 5 1.07 | 101 |24 2840 | 3.586
For Phase 1:
DE =  13.47/[CO, + (NMHC, + CH, + CO,)*10*]
(see section 6, DF Calc.) :
NMHC, = FID THC, - (e, * CH)
= - 98 ppmC - (1.04 * 6 ppmC)
92 ppmC
CO =  (l1-(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, .

DF

Il

HC, . =

I

Mol. Wt.

HC,..

HCpusn =

Hcm.ass 1

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

271 ppm

HC, - (HC, * (1-(1/DF))
500 ppbC - (25 ppbC * (1 - (1/ 033 10.39)
477 ppoC

of CHy = (6 *12.01115) + (6 * 1.00797)
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/ff’ -

(HCCOQC

* 1C,... * VMIX * 10° )/ (Carbon No.)

20.8 mg

Dats of Release: 2/13/96; second 15-day changes
Board Hearing: 5/28/95

(477 ppbC * 91.952 g/ft’ * 2846 f* * 10°) /6

13.47 / [1.2% + (92 ppmC + 6 ppmC + 271 ppm) * 104]
10.89 . '



mass

Similarly, for Phase 2: HC,.., = 5.7 mg

and for Phasé CH HCM,: = 4.2 mg

Therefore,

; | (Hcmassl + Hcm;z) (HcmassE + HCmassZ )

HC,, = 0.43 * ' + 0.57 % - :
(Dphascl + DphaSqZ) ) (_Dphasc3 -+ Dphﬂsc2)
(20.8mg +5.7mg) 42mg + 5.7mg)

HC,, = 0.43 * + 0.57 %

’ (3:584 mile + 3.842 mile) .+ (3.586 mile + 3.842 mile )
HC,, = 2.3 mg/mile (benzene weighted mass emissions)

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 G-4



4. ALCOHOL MASS EMISSiONS CALCULATION

INTRODUCTION

1.

1.1  Vehicular emissions are measured accord'ing to the Fedesal TestProcedure—(FTP)[Ref.
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 used

_in the following equations to calculate the weighted mass emissions of alcohol
compounds. ‘

2. ALCOHOL MASS EMISSIONS CALCULATION PER TEST PHASE

31 ROHu.. =  (ROH.. *ROH,, * VMIX * 10° )/ (Carbon No.)

2.2 ROH, = ROH, - (ROH, * (1-(1/DE))

. NOTE: .IfROH,__ is calculated to be less than zero, then ROH,,.. = 0.

2.3 ROH, = (Imass, /Ivol,) * (Mol. Vol. / Mol. Wt.)

24 Imass, = (Iconc,; + Iconccé ) * Densgoy * Ivol,
25 Twol, - = Ivol, * Gtempy293- 462K+ (760-mm He P
' , . (293.16*K /Ttemp) * (Py /760 mm He)

2.6 ROH, = (imass, /Ivol,) * (Mol. Vol. / Mol. Wt.) -

2.7  Imass, = (Iconc,, + Iconcy ) * Densgey * Ivol,

28 Tvol, = =  Ivoly, *@tempr29316°K)-*(760-mmHe P}

(293,162 K / Ttemp,) * (P, /760 mm Hg )
" WEIGHTED ALCOHOL MASS EMISSIONS CALCULATION
| (ROH,..; + ROHpu;)  (ROHgus + ROHuu)
ROH,. - = 0.43 * : + 0.57*
l (-Dpha&ol + .Dphach ) . (Dphasc3 + Dphasel,Z )

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 G-5



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:

A

(27.2%10° g / 3:92 3.88 liter)

5:205.27 ppmC

Date of Release: 2/13/96: second 15-day changes
Board Hearing: 9/28/95

G-6

-Test | Ivol, Iconc,; | Iconc,, | Ivol, - Iconey, | Iconcy, | Ivol,, Itemp, | Itemp,
Phase | (wl) | (ppmC) (ppmC) | (liter) (pme) { (ppmC) (Iiter) (°K) (°K)
L 115 [224 [00s [390 [007 |o001 1350 |205 | 204
2 15 0.29 10.06 6.50 0.07 0.01 13.50 | 297 294
3 15 0.32 0.02 4.00 0.07 0.01 13.50 | 298 294
Test | FID | CH, (CO, |CO, |R |vMx|D,.. |®, HCHO,
Phase | THC, | @pmC) | (%) (epmy | (%) | () (mile) | mmHy) | (ppm).- .
(pmC) | ~ , :
I 82 9 1.5 250 30 2834 3.581 | 760 0.81
2 19 5 0.7 |20 32 | 4862 [3.845 | 760 | 0.09
3 22 6 08 [32 |20 [2835 |358 {760 | o0.10
For Phase 1: .
Imass, = (Iconc,; + Iconc, ) * Densgy, * Ivol, _
= (2.24 ppmC + 0.05 ppmC) * 0.7914 g/mL * 15 mL * 10° ug/g
= 27.2 pg , _
Mol. Wt. of CH,OH =  (I*12.01115) + (4 * 1.00797) + (1 * 15.9994)
‘ = 32.0428 g/mole
Ivol, = Ivol, * 5 e e
(293/16° K / Itemp, ) * (P, /760 mm Heg)
= 3.90 liter * @9 K203 16K ( 293.16%K / 2952 K) *
(760 mm Hg / 760 mm Hg) o
= 302 3.88 liter o :
ROH, - {Imass, /Ivol, ) * (Mol. Vol. / MoLl. Wt.)

*(24.055 liter/mole / 32.0428 g/mole)




DF

* 10

Imass; = (Iconc, + Iconcy) ™ DenéROH Ivol, .
= (0.07 ppmC + 0.01 pme) 0.7914 g/ml * 15 ml * 10° pg/g
= 0.95 ,ug

Ivol, =  Ivoly *{tempr—+29336-K)y*{(760-mmHeFy)
(293,162 K / Ttemp, ) * ( Py / 760 mm Hg)
13.50 liter * Q94° K /293162 K3 ( 293 162K /2942 K) *
- (760 mm Hg / 760 mm Hg)
13.54 13.46 liter

Wl

ROH,; = (Imass,; / Ivol, ) * (Mol. Vol /Mol Wt)
. = (0.95%10% g/ 13.54 13.46 liter)*(24. 055 liter/mole / 32.0428 g/mole) ..
= 0.05 ppmC ' -
DE = 12,02/ [CO, + (NMHC, + CH,, + CO, + ROH, + HCHO,) * 10
' (see section 6, DF Calc.)
NMHC, =  FIDTHC, - (fey, * CHi ) - (femon * ROH.)
= 82 ppmC - (1.04 *9 pme) (0 66 * 5.27 ppmC)
= 732 69 ppmC _
co, = (- (001+0005*HCR)*C02 - 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% + (33 69 ppmC + 9 ppmC + 237 ppmC + 5:30 5,27 ppmC + 0.81 ppm)

= 785 7.84

ROH,. = ROH, - (ROH, *(1-(1/DE))
= 520527 ppmC- (0.05 ppmC * (1 - (1 /7. 84)))
= 515 5.23 ppmC :

ROH,, = (Mol. Wi. * conversion of liter to f* ) / (Mol. Vol.)
(32.0428 g/mole * 28.316 liter/ft ) / 24.055 liter/mole
37719 g/ft

i

ROH,,., = ®ROH,,. *ROH,, * VMIX *10° )/ (Carbon No.)
ROH i = . (535 5.23 ppmC * £37.719 o/f® *2834 fe * 10° ) /1

i

Date of Release: 2/13/96; second 15-day changes .
Roard Hearing: 9/28/95 G-7



= 635056 g

Similarly, for Phase 2:
RQHmass 2 = 008 g
and for Phase 3; '
ROHmass 3 = 9’”"9:; 0—08- 4

Theréfore,
(ROHmassl + ROHmusZ ) (ROHmnss?a + RO mnss2)
ROH,, = 0.43 * o +  0.57 % :
. (Dpha'sc.l + Dphnch) ' (DphnseB + Dphasc2 )
_ | (055 0.56 mg + 0.08 mg ) (6-670.08 mg + 0.08 mg)
ROH,,, o= 0.43 * L -+ 0.57* _
(3.581 mile + 3.845 mile) - (3.583 mile + 3.845 mile )

RCH,,, = 0:05 g (methanol weighted mass emissions)

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 G-8,



5. CARBONYL MASS EMISSIONS CALCULATIONS

1. INTRODUCTION

1.1  Vehicular emissions are measured according to the Eederal-Test-Procedure—(FTPy[Ref.
1] 45. 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 weighted mass emissions of each carbonyl
compound. S :

2.  CARBONYL MASS EMISSIONS CALCULATION PER TEST PHASE
2.1 RHO,,,= (RHO,, *RHO4, *VMIX* 10° )

22 RHO.. = RHO, -(RHO, *(l-(1/DE). I
NOTE: If RHO,,, is ¢alculated to be less than zero, then RHO, . = 0.

53 RHO, =  (imass, / Ivol,) * (Mol Vol. / Mol. Wt.)

24 Ivol, = Tvol * Qfemp—203-16 Ky *(760-mmHe+P5)
(293.16%K / Ttemp, ) * (P, /760 mm Hg)

2.5 RHG, l= (Imass, / Ivoly ) * (Mol. Vol. / Mol. Wt.)

2.6 Ivoly = Ivoly,, * {_}éﬁq.p;_/-z%—l-@—K—)—’L(#é@—mfﬁ-Hg-/—Ps—)

(293.16%K / Ttemp, ) * (Pg 760 mm Hg)

3. WEIGHTED CARBONYL MASS EMISSIONS CALCULATION

(RHO.., + RHOp.;)  (RHOpu; + RHOu)
RHO,, =  0.43*_ + -0.57* :
- Dgpase: T prasel) _ (Dppases T Dphascl)

4. SAMPLE CALCULATION

4.1  Carbonyl emissions from a compressed-natural gas{CNG;y vehicle are.collected in three
: sets of dilute exhaust impingers and one set of dilution air impingers during the FIP.
H}g—h—peffeﬁﬂﬂﬂee—kq-ﬂé—ﬁhfemﬁegf&f}hﬁ‘ HPLC is used to determine the formaldehyde

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/93 G-9



mass in each impinger. Calculate the weighted formaldehy&e mass emissions based on
the following data: o : TR

Test | Ivol, Imasé, Ivoly, | Imass, | Ivol,, | Itemp, | Itemp,
Phase | mL) | ®&) | (liter) (ng) | (iter} | (°K) (K.
1 15 1245 | 849 0.7 [31.57 |205 | 292
2 15 1076 |14.55 {0.17 3157 | 208 202
3 [15 064 [ 400 |0.17 |3157 |208 |29
Test .|FID |CH, |CO, |co, | VMIX | Do | Py
Phase | THC, | (pmC) | (%) (ppm) | (%) | (i) (mile) | (mmHg
(ppmC) | - | |
1 132 108 |09 8 68 | 2866 |3.581 | 760
2 3 lod. |4 |67 4841 |3.845 | 760
3 9 0.5 5 65 2837 | 3.583 | 760

For Phase 1:

Mol. Wt. of HCHO = (1 * 12.01115) + (2 * 1.00797) + (1 * 15.5994)

Ivol,

RHO,

Ivol,

I

o i

i

30.0268 g/mole :

) IVOlm * - * 8
(293/16° K / Itemp, ) * (Py /760 mm Hg)

8.49 liter * 20524/ 203 16° 13 (293 162 K / 2952 K) *
(760 mm Hg / 760 mm Hg) .
$54 8.44 liter

(Imass, / Ivol,) * (Mol. Vol. / Mol. Wwt)

(2.45%10° g/ 854 8.44 liter)*(24.055 Liter/mole / 300268 g/mole)
230 233 ppb ' -

Ivol,, * 610 '
(293.16°K / Ttemp, ) * (P, / 760 mm Hp)
31.57 liter * @929K-/203.16° K} 293 162 K / 292¢ K). *
(760 mm Hg / 760 mm Hg) .

31445 31.70 liter

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95
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Calc.)

DF =

NMHC, =

(Imassg / Ivol }* (Mol. Vol. / Mol. Wt)

(0.17%10° g/ 33453170 11ter)*(24 055 liter/mole / 30. 0268 g/mole)
4 ppb

9.77 / [CO,, + (NMHC, + CH,, + CO ) * 10™ ] (see section 6 6 DP

FID THC, - (tge, * CH,, )
132 ppmC - (1.04 * 108 pme)
20 ppmC

- CO, =(1-(.01 + 0.005 * HCR) * CO,, -0000323 *R,) * COuy
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 =

Datz of Release: 2/13/96; second 15-day changes

'RHO

massn
RHO, o1 =

(1- 9—9%9@9002890*09%-0000323*68%)*8ppm '

7.6 ppm

9.77 1[0.9% + ( 20 ppmC + 108 ppmC + 7.6 ppm) * 101

- 10.69

RHO, - (RHO; * (1 -(1/DF)))
230 233 ppb - (4334 ppb*(l (1/10 69 )))
226 229 ppb

‘ (Mol Wt. * conversion of liter to ft* ) / (Mol. Vol )

(30.0268 g/mole * 28.316 l1ter/ ft* ) / 24.055 liter/mole
35.35 g/it :

(RHO,., *RHO,,, * VMIX *10°)
( 226 229 ppb * 35.35 g/fﬁ * 2866 f£ * 10°)
229232 mg

Similarly, for Phase 2:

RHO 42 =

63 6.6 mg

and for Phase 3:

RHOmAss 3 =

Board Hearing: 9/28/95

122 12.7 mg

G-11



Therefore,
RHO,,=

wm

mg )
_ RHO

Wi

wm "

 RHO,,, +RHO,.;)  (RHO,., + RHO..,)
0.43 = + 0.57*%
(Dohase 1 + Dppase ) - (Dpiages + Ditase2 )

(29232 mg +636.6mg) (122127 mg + 6366

0.43 * _ L+ .057*%
(3.581 mile + 3.845 mile) (3.583 mile + 3.845 mile )

-3=1 3.2 g mg/mi (formaldehyde weighted mass emissions)

Date of Release: 2/13/96; second 15-day changes

Beard Hearing: 9/28/95
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6. DILUTION FACTOR CALCULATION

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

100 * ' X.
X + 92 + 3,76 * (x + yld - 2/2)

1.1.1 DF =

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

1.1.2 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 gasoline, CH,4s , Where x = I,y =185 andz = 0. .
. DF = 13.47/ [CO,, + (NMHC, + CH,, + CO, ) * 107
CO, = (1-0.01925 * CO,, -0.000323 * R,) * CO.,

| b For Phase 2 gasoline. CHﬂ..where x=1,y=19and z = 0.017,
DE = 13.29 / [CO, _+ (NMHC, + CH,, + CO,) * 10
CO, = (1-0.01970 * CO,, - 0.000323 * R,)) * CO¢ry

be) For LPG, CH, 2610 Where x = 1,y =2662.64,2=0
.DF = +-64 11.68 /[CO, + (NMHC, + CH,, + CO, ) * 10*
CO, = (1 -8:62330 0.02320 * CO,, - 0.000323 * R, * CO_,

ed)  For CNG, CH; ;45 » Where x = 1,y =3803.78,and z = 0.016:
DF = 9779.83 / [[CO,, + (NMHC, + CH,, + CO, ) * 10%]
CO, = (1 -6:62500 0.02890 * CO,, - 0.000323 *R,) * CO.

1.2 For Alcohol Fueled Vehicles:

100 * X
‘ ' Cox+ Y2 +376% (x + yl4- z/2)
1.2.1 DF = -

_ €O, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 107
(where fuel composition is C,H,0, as measured- for the fuel used.)

Date of Releasa: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 ) G-13



1.2.2 CCO = (1-(0.01 + 0.005 * HCR) * CO,, -0.000323 *R,) * CO_, _
NOTE: If a CO instrument which meets tfie 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, where x = 1, y = 4, and z=1:
DF = 11.57 /[CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 10%]
CO, = (1-0.03000 * CO,, -0.000323 * R, ) * CO,,

b) For M85 (85% methanol, 15% indolene), CH; 07, , Wherex = 1,y = 3.41,

and z = 0.72:" o

DF = 12.02/{CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, )* 1
4 . : T :

1

CO, = (1-0.02705 * CO,, - 0.000323 *R,) *CO,, = - -
c) For E100 (100% ethanol), CH;OH, wherex = 1,y = 3,and z = 0.5;
DF = 12.29/[CO,, + (NMHC, + CH,, + CO, + ROH, + HCHO, ) * 10"
4 : . E .
CO, = (1-0.02500 * CO,, - 0.000323 * R,) *CO_,

Date of Release: 2/[3!96; second 15-day changes )
Board Hearing: 9/28/95 G-14



Atiachment APPENDIX 1

LIST QF COMPOUNDS

CAS # COMPOUND

- Alcohols
00067-56-1 methan ol
00064-17-5 ethanol

Light End and Mid-Range Hydrocarbons
(Listed in approximate elution order)
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Date of Release: 2/13/96; second 15-day changes
Board Hearing: 5/28/95

00074-86-2 ~ ethyne

00074-84-0 - ethane

00115-07-1 . . propene .
00074-98-6 propane

00463-49-0 1,2-propadiene
00074-99-7 1-propyne -
00075-28-5 2-methylpropane
00115-11-7 2-methylpropene
00106-98-9 1-butene

00106-99-0 1,3-butadiene
00106-97-8 n-butane

00624-64-6 trans-2-butene
00463-82-1 2,2-dimethylpropane
00107-00-6 1-butyne

00590-18-1 cis-2-butene
00563-45-1 3-methyl-1-butene
00078-78-4 2-methylbutane
00503-17-3 2-butyne
00109-67-1 1-pentene _
00563-46-2 2-methyl-1-butene’
00109-66-0 n-pentane
00078-79-5 2-mehtydmethyl-1,3-butadiene
00646-04-8 trans-2-pentene
00558-37-2 3,3-dimethyl-1-butene
00627-20-3 cis-2-pentene
00689-97-4 1-buten-3-yne
00513-35-9 2-methyl-2-butene
00542-92-7 1.3-cyclopentadiene
00075-83-2 2,2-dimethylbutane =
00142-29-0 cyclopentene
00691-37-2 4-methyl-1-pentene
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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
00562-049-2
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-methyi-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
trang-2-hexene

3-methyl-trans-2-pentene

2-methyl-2-pentene
3-methylcyclopenten
cis-2-hexene

e

I-ethyl-tert-butyl-ether
_3-methyl-cis-2-pentene

2,2-dimethy1he*&ﬁepentane

methylcyclopentane
2,4-dimethylpentane
2,2,3-trimethylbutan

€

3,4-dimethyl-1-pentene
I-methylcyclopentene

benzene
3-methyl-1-hexene
3,3-dimethylpentane
- cyclohexane
2-methylhexane
2,3-dimethylpentane
cyclohexene
3-methylhexane

cis~1,3—dimethy1¢yclopentane

3-ethylpentane

trans-1,2-dimethylcyclopentane

I-heptene

2,2 ,4-trimethylpentane

trans-3-heptene
n-heptane

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95
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CAS #

02738-19-4
03899-36-3
14686-13-6
. 00816-79-5
00107-39-1
10574-37-5
06443-92-1
00108-87-2
00590-73-8
00107-40-4

01640-89-7

00592-13-2

COMPOUND

2-methyl-2-hexene
3-methyl-trans-3-hexene
trans-2-heptene
3-ethyl-eis-2-pentene

2,4 ,4-trimethyl-1-pentene |

2,3-dimethyl-2-pentene
cis-2-heptene -

" methylcyclohexane
" 2,2-dimethylhexane

2,4,4-trimethyl-2-pentene
ethylcyclopentane
2,5-dimethylhexane
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CAS #

03221-61-2
102216-33-3
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
006220-96-8
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
02870-040-4
01120-21-4
00933-98-2
00095-93-2
03968-85-2
00527-53-7

COMPOUND

2-methyloctane
3-methyloctane
styrene(ethenylbenzene)
o-xylene

I-nonene -

n-nonane

(1- methylethyl)benzene
2,2-dimethyloctane '
2,4-dimethyloctane
n-propylbenzene

| 1-methyl-3-ethylbenzene

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

- 1,2,4- tnmethylbenzene

n-decane

(2- methy]propyl)benzene
(1-methylpropyl)benzene
1-methyl-3-(1-methylethyl)benzene
1,2,3-trimethylbenzene
1-methy1-4-(l-methylethyl)benzene
2,3-dihydroindene(indan)
1-methyl-2-(1-methylethyl)benzene -
1,3-diethylbenzene
1,4-diethylbenzene

- l-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

ZH38-21-201074-92-6 1-(1,1- -dimethylethyl)-2-methylbenzene

00488-23-3
00538-68-1

Date of Release: 2/]3!96 second 15-day changes
Board Hearing: 9/28/95

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

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

00050-00-0
00075-07-0
. 00107-02-8
00067-64-1

00123-38-6 -

00123-72-8
00066-25-1

- 00078-93-3
00078-85-3
04170-30-3
00110-62-3

00620-23-3

COMPOUND

1-(1, 1-dimethylethyl)-3,5-DMbenzene

naphthalene
n-dodecane

_ _Carbonﬂ Compounds

formaldehyde -
acetaldehyde

~acrolein

acetone

propionaldehyde
butyraldehyde

hexanaldehyde
benzaldehvde

methvl ethvl ketone ( 2-butanone1'

methacrolein
crotonaldehyde .

valeraldehyde
m-tolualdehvyde

Date of Release: 2/13/96; second 15-day chinges
Board Hearing: 9/28/95
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00050-00-0

00620-23-5
00064-17-5
-00066-25-1
00067-56-1

00067-64-1

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 ofRelease 2/13/96; second 15-day changes
Board Hearing: 9/28/95

Llst OfL*g'h‘t—Eﬂd—ﬂ'ﬂdMld-—Raﬂge—}Ijld-Feegwm Compounds

(Listed by CAS number)

formaldehyde
m-tolualdehyde

ethanol -

hexanal

methanol

acetone

benzene

ethyane ethane

ethene

ethyne

propane

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

methyi ethyl ketone (2-butanone)
2,3-dimethylbutane
naphthalene

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

3-methylpentane

methylcyclopentane
1-(1,1-dimethylethyl)-3,5- -dimethylbenzene
(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: 2/13/96; second 15-day changes
Board Hearing: 9/28/95

2,4,4-trimethy1—2—péntene
2-methylpentane

. 2,4-dimethylpentane

mé&p-xylene

.1,3,5-trimethylbenzene
- methylcyclohexane

toluene

-yaleraldehyde

n-pentane

1-pentene

n-hexane

cyclohexane

cyclohexene

n-octane

l-octene

n-nonane

n-dodecane

propene

2-methylpropene
propionaldehyde
butyraldehyde

l-nonene

n-decane
1,2-diethylbenizene
{I-methylpropyl)benzene
1,3-diethyibenzene
cyclopentene

n-heptane

cyclopentane
1,2-propadiene ‘
2,2-dimethylpropane
2,2,3-rimethylbutane
1,2,3,4-tetramethylbenzene
2,3-dihydroindene (indan)
2-butyne '
2-methyl-2-butene
1,2.3-trimethvlbenzene
1,2,3,5-tetramethylbenzene
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
00576-73-8

00583-48-2

00584-94-1
00589-34-4

2,3,3-trimethylpentane
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

1-8



- 00934-80-5
00992623
01069-53-0
01072-05-5
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
04170-30-3
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: 2/13/96; second 15-day changes
Board Hearing: 9/28/95

1,2-dimethyl-4-ethylbenzene
3 methyteis2-pentene-
2,3,5-trimethylhexane
2.6-dimethylheptane
1-methyl-2-n-propylbenzene

- 1-methyl-3-n-propylbenzene

1-methyl-4-n-propylbenzene
n-undecane
3-methylcyclopentene
1-methyl-2-n-butylbenzene
1-methyl-tert-butyl-ether

ethylcyclopentane -
ethylcyclohexane

1 4 dlmethyl -2-ethylbenzene

2,6-dimethyloctane

2,2,5-trimethylheptane

cis<1,2-dimethylcyclohexane
trans-1,3-dimethylcyclohexane
trans-1,4-dimethylcyclohexane

- 2,4-dimethylheptane

3-methyloctane
eascis-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-Z-heptene
- trans-3-heptene

trans-4-octene
2,2-dimethyloctane

1-9



15890-40-1 C eis2-trans; |
: (13.2a,3b)-1,2,3-trimethylcyclopentane

Date of Release: 2/13/96; second 15-day changes o
Board Hearing: 9/28/95 ' 1-10



APPENDIX 2

DEFINITIONS AND COMMONLY USED ABBREVIATIONS

b—t .

The abbrev1at10ns and definitions set forth in this sectlon apply to Parts

A thtough G of these test procedures:

ASTM

Carbon No.

CH,OH,

CH,0H, -

il

American Society for Testing and Materials

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'thé 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 de_termined from
the dilution air ethanol sample using the procedure specified in

~ Method No. 1001, ppmC.

the ethanol concentration in thé dilute exhaust as determined from
the dilute exhaust ethanol sample using the procedure specified in
Method No. 1001, ppmC.

compressed natural gas

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

the carbon monoxxde concentration in the dilute exhaust
uncorrected for carbon dioxide and water removal, Ppm.

the carbon dioxide concentration in the dilute exhaust, %.

constant volume sampler

Date of Release: 2/13/96; second 15—day chances

Roard Hearing: 9/28/85 -

2-1



ey
]
vl
Ji

3|

1l

HC =

mass n

HC,,, =

Date of Release: 2/13/96; second 15-da
Board Hearing: 9/28/95 ’

y changes

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).

flame ignization detector

the total hydrocarbon concéntration inclﬁding 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 ethanol-
fueled engines) in the dilution exhaust as measured by the FID,

- ppmC. . '

Federal Test Procedure

g.aé chromatograph .

gas chromatography/mass. spectrometry

net concentration 'of an HC compound in the dilutg 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/fX .

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 (w’ﬁere nis
either 1, 2, or 3), mg.

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

2-2



HCHO,

HCR

formaldehyde concentration in the dilute exhaust as determined
from the dilute exhaust carbonyl sample using the procedure
specified in Method No 1004, ppm.

' the hydrogen—to—c_arboﬁ ratio for the fuel used.

high performance liquid chromatography



Ivcﬂdm ,‘ = total volume of dilution air (background) bubbled through the
- impingers for all three test phases as measured diring testing,

liter.

Ivol, = total voiufnel of dilute exhaust bubbled through the impingers per
test phase corrected to standard conditions (293.16° K and 760
mm Hg), liter.

Ivol,,, - = total volume of dilute exhaust bubbled through the impingers per

test phase as measured during testing, liter.

Ivol, = volume of the reagent used in an impinger, mL. _
LOD = limit of detection

liquified petroleum gas

Mol. Vol. = molecular volume which is 24.055 liter/mole at standard
conditions (293.16°K and 760 mm Hg).

|

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

NIST = National Iﬁstitute of Standards and Technology

NMHC = nAon—methane hydrocarbons

NMHC,_, = the non-methane hydrocarbon concentration in the dilute exhaust
corrected for background, ppmC.

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

NMHC,,,, = 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/ff? 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/f2 at 293.16° K and 760
mm HG assuming a C:H ratio of 1:3,78 for natural gas; and
28 17.26 g/ft’ for LPG at 293.16° X and 760 mm Hg
assuming a C:H ratio of 1:2.64), g/ff .-

NMHC, = non-methane hydrocarbon concentration in the dilute exhaust

corrected for methane and aleohol removal, ppmC.

Date of Release: 2/13/96; second 15-day changes
Board Hearing: 9/28/95 2-4



RHO

mass 0

RHO

wm

I

1

. the mass emission of non-methane hydrocarbon per test phase n

(where n is either 1, 2, or 3), g.

" the total weighted mass of non-methane hydrocarbon per mile for '

all three phases of the FTP, g/mile.

non-methane organic gases

" barometric pressure during testing, mm Hg.

. photoionization defector

porous layer open tubular

the relative humidity of the ambient air, %.

“the FID response factor to méthanol (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-

| ~ Tesponse factor, see CFR 40, 86.121-90(c)).

generic symbol representing a carbonyl corripbund 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.

total weighted mass emissions of a carbonyl compound per mile,

g/mile.

Date of Release: 2/13/96; second 15-day changes

Board Hearing: 9/28/95.
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ROH o=

.:ROHC,,; -
ROH, =
ROH_,
ROH, =
ROH =

mass o

ROH,,, - .

(2]
3>
]
[

|

[¥g]
7
<

£

H

- generic symbol representing an alcohol compound such as

methanol or ethahol. , SR

net concentration of an alcohol corpound in the diluté exhaust
corrected for background per test phase, ppm.

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

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

concentration of an alcohol compound in the dilute xhaust per
test phase, ppmC.

- mass emissions of an alcohol compound per test phase n (where n
is either 1, 2, or 3), E.

total weighted mass emissions of an alcohol compound per mile,

g/mile.

Society of Automotive Engineers

Standard Réference 'Material

the total dilute exhaust volumé measured per test phasé and

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

(B f o e Do Jo e g

BEERFRTEEEF
n A : A

Date of Release: 2/13/96; second 15-da
Board Hearing: $/28/95

¥ changes

centimeter

micrometer

micron

milliliter

microliter . ‘

parts per billion.

parts per billion carbon equivalent.

parts per million.

parts per million carbon equivalent.
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(1]
(21

(3]

4]

(51

(6]

7]

(8]

(9]

[10]

[11]

Date of Release: 2/13/96; second 15-day changes

Board Hearing: 9/28/95
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