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WEST VIRGINIA
SECRETARY OF STATE _
KEN HECHLER o
H?QM/D I
ADMINISTRATIVE LAW DIVISION | <l
Form #3
NOTICE OF AGENCY APPROVAL OF A PROPOSED RULE
FILING WITH THE LEG[SLATIVE%?JE.E-MAKING REVIEW COMMITTEE
AGENCY: WV Air FPolliution Control Commission TITLE NUMBER- 4 5CSR24 -

CITE AUTHORITY _ Chavter 16, Article 20, Sectlen 5

AMENDMENT TO AN EXISTING RULE: YES_<. NO___

[F YES, SERIES NUMBER OF RULE BEING AMENDED: __2%

<t

TITLE OF RULE BEING AMENDED: 'Regulations To Zrevent and Contrcl Air

Pollution From The Emission Of Velatile ODrganic Compounds
From Petroleum Refinery Scurces” -

IF NO, SERIES NUMBER OF NEW RULE BEING PROPOSED:

TITLE OF RULE BEING PROPOSED: -

THE ABOVE PROPOSED LEGISLATIVE RULE HAVING GONE TO A PUBLIC HEARING OR A PUBLIC
COMMENT PERIOD is HEREBY APPROVED BY THE PROMULGATING AGENCY FOR FILING WITH
THE SECRETARY OF STATE AND THE LEGISLATIVE RULE MAKING REVIEW COMMITTEE FOR
THEIR REVIEW.




FISCAL NOTE FOR PROPOSED ZULES )
Chapter 1f-20, 3eries Zd¢ - "¢ Prevent ard Contrel Alr
Pellution Frem The “mission O Veolatile Crgeanic Conpounds
fule Title: From Petreleum Relinery Scurces”
Tvre of Rule: L Legislative Interpretive Drocecural
Agancy WVAPCC ridress 1558 Washington St., E.
Charleston, WV 253211 ) )
. ANNUAL PIZCAL YZRR
1. Effect of Propossd Rule| Increase Decresss| Qurrant Next Theveaftar
s : _
Estimated Total Cost $ - 5 _o- $ AL SA_ ‘ $ -0
Persconal Services i
CurTent Z{oensa
Recairs and Altsrations
Ecuizmant
Other
2. Explanavion of zkove estimatas:
The proposed amendments will have no effect on The budget duse

toc the abssnce of affected Tacilities

3. Chjectives of these rules:

The purpose
USEPL's 1dentified defilciencies

+

-l

aprliceble

in order
consistency in existing veolatile organic
State Implementation Plan ¢

-

-~

=30

1 areas.

of the amendments to Regulation 24 is to address
te rrovide naticnzl
compeund regulatlons



. Dxplanaticn ©f Cvearall Econamic Imsact of Progossed Ruls.

da

A. Econcmic Ingect on Stats Govermment.
n

There should »e

B. Econanic Impect on Political subdivisions; Specific Industriss

Scecific groups of citizens.

Thers should be no sgconofic Impect on pelitical sub
or industry. There should be nc economic Impact on

grcoups of citizens.

C. EZconauic Impact on Citizens/Tublic at ILarge.

t 10

£L

12

N
QD

Det=: Augus

A\

Signaturs of Agency Eead or Authorized Representative

IJ

1o economic Impact on State Government
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DATE:
TO: LEGISLATIVE RULZE-MAXING REVIEW COMMITTEZ
FROM: 3. DALD TFARLEY, DIRECTOR, WVAPCC
Fegulation 24 - ”fﬁNHTatlons To Prevenrt and Coatrol Ailr Pollution
LEGISLATIVE RULE TITLE: From The Zmisgsion OF Volziile Orgaric
Compounds From Petrolsun Relinery Sources”
1. Actherizing statuta(s) citation
Chanter 156, Article 20, Secition 5
2. 2. Dete filed in Stats Register with Notice of Hearing
April 6. 1990 f
b. What other notice, including advertising, did you
give of the hearing?
Hotice of hearing was nrovided in each ¢f four (U3
designated air ougiifty gontrel reriong in the gstate,
(See attached 1ist with detes of nupiicatinn),
c. Dats of hearing (s): June 5, 1380
2. Attach list of persons who appearad at hearing, comments
raceived, amendments, reasons for amendments.
Attached W No comments recsived
e. Date you filed in State Register the agency approved
proposad Legislative Rule following public hearing:
{be exact)
fugust 10, 1520
. HName and phone number oI agency person to contact
for additional infcrmation
G. Dale Farley, Director, WVAPCC -
1558 Washingteon Strest. E., Charleston, WV 25311

(30E) 348-2275
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August 10, 1990

ERRATA
CHANGES TO REGULATION 24
(45CSR24)

"Regulations to Prevent and Control Air Pollution From the Emission of Volatile Organic
Compounds from Petroleum Refinery Sources”

Page 4, Section 3.26.: Changed definition of "Vapor Control System™

Page 5, Secticon 3.27.: Added compounds exempted in "VOC" definition:
HCFC-123, HFC-134a, HCFC-141b, HCF(C-142b, and
others listed by U.S. EPA

Page 8, Section 4.2.,a.: Changed '"covers or seals” to "ecvers and seals”

Pagge 8, Section 4.3,b.: Changed "unless' to Muntil*

Page 10, Section 8: Changed entire section

Page 11, Seetion 10: Added new section "Enforeceability”, and deleted

proposed section "Inconsistency Between Regulations”

Renumbered sections as required,

Regulation was amended as a result of comments from industry and U.S. EPA.




[PROPOSED]
45CSR24

SUMMARY

45CSR24 was promulgated by the commission cn May 8, 1979 and became effective
on Oectober 27, 1979. The regulation provides a mechanism to control emissions of
volatile organic compounds from petroleum refinery sources, The regulation is being
revised to address EPA's identified deficiencies and the requirement to provide a greater
degree of equity and national consistency among all states and localities that received
post-1987 ozone SIP calls. The areas affected were expanded to inelude additional

counties thgt were identified as nonattainment of the ozone standards after 1976.




[PROPOSED]
45CSR24

TITLE 45
LEGISLATIVE RULES
WEST VIRGINIA AIR POLLUTION CONTROL COMMISSION
SERIES 24
REGULATIONS TO PREVENT AND CONTROL

AIR POLLUTION FROM THE EMISSION OF VOLATILE ORGANIC COMPOUNDS
FROM PETROLEUM REFINERY SOURCES

Index.
§45-24-1. General.
§45-24-2, ‘Area Affected.
§45-24-3, Definitions.
3.1. "Accumulator®

3.2. "Air Pollutien®

3.3. M"Approved”

3.4, "Commission”
3.5. "Condensate”
3.6. "Condenser"

3.7. "Construction™
3.8,  "Control Device®
3.9.  "Day"

3.10. "Director®
3.11, "Emission®
3.12, 'Faeility”
3.13. "Firebox"
3.14, "Forebays"
3.15, "Hot Well®
3.16. "Owner or Operator®

3.17, Tm"Person"




3.18, 'Petroleum Liguids®

3.19. "Petroleum Refinery"”

3.20, rPetroleum Refinery Sourcen”

3.21, "Reasonably Available Control Technology"

3.22. "Refinery Fuel Gas"

3.23. "Standard Conditions®

3.24, "Turnaround"

3.25., "Vscuum Producing System"

3.26. "Veper Control System”

3.27. "Volatile Organic Compound’

3.28, "Wastewater (Qil/Water) Separata®
§45-24-4. Control and Prevention of Emissions,
$45-24-5, Registration.

§45-24-6. Permits,

$45-24-7. Reports and Testing.

$45-24-8. Compliance Programs and Schedules.
$45-24-9, Variance.

§45-24-10, Enforceability.
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NOTICE OF
PUSLIC HEARING
On Tuesday, June 5, 1990 be-
ginning aft 9.15 a.m. the Wes?
Virginia Air Pgliution Centro!
Commission will held publle
hearings on proposed srend-

! ments 1o the following Regula-
' tions:

Regufstion 21—"To Prevent

and Cantrol Alr Poliytion From
the Storage of Petroleym Lig.
vids in Fixed Roof Tanks*'

Regulation 23—'‘To Prevent
and Control Air Potlution Frem
the Emistion of Yolalile Organ-
e Compeunds From Bulk Ga-
soline Tarmminals””

Regulation 24—"To Prevent
and Caortrol Air Pollution From

Emission of Yolatlle Organic |.

Compounds From Petrolaum
Refinery Sources”

.These hearings wiil be held
in the Commission’s confer:
ence reom located at 1558
Washinglon Street, East, Char
laston, Kanawha County, YWast
Virginla,

These hearings are qpen to
the public and written and oral
testimony by ail interssted par-
ties will be heard and made

, partof the recard.

Copies of the proposed Regu~
latians are availsble for public

| review |n the office of the West

Yirginia Air Pgllution Contrel
Commmissian, 1558 Washington
Sireet, East, Charleston, West

i Virginia,

i

i
\

Al comiments ang Inquiries
refative to these propoted
amandrments shouid be glrect-
ed tor

G.Dale Farlay

Director

WV Alr Pollytion

Cantral Commlssion

1558 Wash, 8¢, E,
Charigiton, Wy 253

n
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AFFIDAVIT OF PUBLICATION
STATE 0OF WEST VIRGINIA,

KANAWHE COUNTY,

Is ___'_“f L U&_ﬁ.»-

THE CHARLESTON GAZETTE, A DAILY DEMOCRATTC NFASPAPER.

OF

PUBLISHED IN THE CITY OF CHARLESTON, KANAWHA ZOUNTY,

WEST VIRGINIAsy DO SOLEMNLY SWEAR THAT THE ANNEXED
NOTICE OF: PUBLIC HEARINGS

WAS DULY PUBLISHED IN SAID PAPER(S) ON THE DATES
LISTED BELOWs AND WAS POSTED AT THE FRONT DODR OF THE

COURT HOUSE OF SATD KANAWHA COUNTYs» WEST VIRGINTIA,

N THE

2ND DAY OF MAY y 1990 .

DATES PUBLISHED:

05/01/990 GAZETTE 05/08 /90 GAIETTE

SUBSCRIBED AND SWORN TO BEFORE ME THIS
11 TH DAY OF MAY r 1990 .
i \Frsieier P bpitrrs. v T

WEST VIRSTNTIA

NOTARY PUBLIC OF KANAWHA COUNTY.

SRR Y

- an ey e

My CDMMISSION EXPIRES __ 3 __

— OFFICIAL SEAY

NCTARY PUBLIC
STATEZ OF WEST VIRGINIA

FRANCISA HARTMAN

1429 tengridge Rasd

PRINTERS FEE 3 3516

Charfe;’ 1 \Yer! Vorglnia 25314
My Ccamisiion Expire Dec. 19, 1999

- R,

g i ooy e <m +

T Y B i o b e T v et v - e .
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NATICE

NOTICE OF .
PUBLICHEARING !

On Tuesday, Jume 5 1990 be- -

Com
lire Teeminals”

Regulation - 24 T2 Prvent
and Conlrod Al Pollution From

ﬁ

AFFIDAVIT OF PUBLICATION

STATE OF WEST VIRGINIA,
COUNTY OF CABELL, TO-WIT:

I, Dianpa Wehh —___ being first duly swom, depose and say
that | am Legal Clerk for Huntington Publishing Company, a corporation, who publishes
at Huntington, Cabell County, West Virginia, the newspaper: The Heraid-Dispatch, a in-
dependent newspaper, in the morning seven days each week, Monday thrcugh Sunday in-
cluding New Year's Day, Memorial Day, the Fourth of July, Labor Day, Thanksgiving
and Christmas; that | have been duly authorized by the Board of Directors of such
corporation to execute this affidavit of publication for and on behaif of such corpora-
tion and the newspaper mentioned herein; that the legal advertisement attached in the
left margin of this affidavit and made a part hereof and bearing number LE=530 :
was duly published in : . : '

The Herald-Dispatch

one time, once'a weeak for __2__ successive weéks, commencing with its issue gf the
28th  day of _April , 1980, and ending with the issue of the 3th  day
of __May = 198Q _ and was posted at the East Door of Cabell Co,

Courthouse 3
on the28thday of__April , 1930 _; that said legal advertisement was published
on the following dates: __April 28, 1990 Mavy 5, 1990

; that the cost of pub_lishing said annexed advertisement as aforesaid was

$38.69 : that such newspaper in which such legal advertisement was published

tias been and is now published regulary, at least as frequently as once a week for at
least fifty weeks during the calendar year as prescribed by its mailing permit, and has
been so published in the municipality of Huntington, Cabell County, West Virginia, for
at least one year immediately preceding the date on which the legal advertisement set
forth herein was delivered to such newspaper for publication; that such newspaper is a
newspaper of “general circulation” as defined in Article 3, Chapter 59, of the West
Virginia Code, within the publication area or areas of the municipality of Huntington,
Cabell and Wayne Counties, West Virginia, and :

that such newspaper is circulated to the general public at a definite price or considera-
tion; that such newspaper on each date published consists of not less than four pages
without a cover; and that it is a newspaper to which the general public resorts for pass-
ing events of a political, religious, commercial and social nature, and for current hap-
penings, announcements, miscellanecus reading matters, advertisements and other

notices. (OL{CUW ] (\/ Vi /L/}?/z’

Taken, subscribed and sworn to before me in my said county this 3th___ day of
May 19__9Q

My p;mmissiqn expiresf&j'%ﬂ '?Aiﬁ @2_42, _ /

Notary Public
Cabell County,
West Virginia

10M Form A - 135 (378H)




LEGAL NOTICE
NOTICE OF PUBLICHEARING MAR C IA MOORE

On Tuesday, June 5, 1990 beginning a1 $:15 a.m.
the West Virginia Air Potlution Contral Cemmis:
sion will hold public hear:[ngm on propesed bei f::dul""vv
amendrrents to the following eguiations: Jhal ‘l
, Begutation 21 - "To Prevent ang Control Alr g Lirat Y sworn, says that the

oliution From the Storage of Petroteum Liguids | .
in Fixed Roet Tanks'” notice of : s

Regulation 73 « *"To Prevent and Confral Air ‘pUb;.;lChe aring--- JUNE 5th
pollution From the Emission of Volatile Organic
Compounds From Bulk Gascline Terminals™ *

Reguiation 24 - *'To Prevent and Control Alr
Poltution Frem Emmission of Volatlle Organic I - eanr e m——————————————
Compounds From’ Petroleum Refinery Sources’”

These hearings will be held in the Commission’s

i

e e I W acated ot 1538 Washington LAt e r e n e e e am e en
Street, East, Charleston, Kanawhs County, West T
Vvirginia, .

These hearings are open o the public and * .ol IO

‘written and oral Testimony by all interested parties |

wigbehe;frd am:;\;:eedpanoflmemord. . heraio it ch 4

opies of the pr Regulations are avallable (n 3 5

tor pu'blic review in the office of the West Virginia ed was printed in the qﬁ qar k Er%Z h' unyr g éﬁ’ ho4 fﬂ' 7

Alr Polltion Control Commissien, 1538 Washing-

ton Street, East, Charleston, West Virginia and a¥. ¢ dail

the Parkersburg/Wood Ceuaty Public Library, = -~ " e SERET e new. ubli

3100 Emnersan Avenye, Parkersburg, WY 26104, in the City of Parkershurg, W P Wet e spaper pd lished
: st Virginia. and posted

All camments and ingquiries relative to these

proposad amendments should be directed fo:
- e %?ii;g;’" i ; at the font door of the Court House for two ...................
Air Pnllr.:lonf:mfmlcommisalon ! successive weeks, th i i thereon being oo
liﬁh‘grgﬁm‘;ﬁii L IR o first publication amsiwppetingrthoreon being on
oy 28 n the. .. 25 | daoy of e MAY 19.90 and sub
A | . ‘ : IERURUTDUTITURRRNS: £.: I S . subge-
quent publication on the . 9thda‘y of . MAY 18 90
ont pblieaton 08 B0 daW O A8 .
e v endey of 18 «the.. ... .. day of
e 19 Lthe day of

19......,and the ... ....daveof ... . i 19

Parkersburg Printing Ce, - 5/71
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EST VIRGINLIA UALLY NEWS

\'OTICE oOF
PUBLICHEARING

Cn Tuesday, June 5, 1920 beginning
at 9:15 a.m. the West Virginia Air
Peollution Control Commission will
hold public hearings on proposed
amendments to the following
Regulations:

Regulation 21 - “To Prevent and!

Control Air Pollution From the;

' Storage of Petroleumn hqmds in Fixed:

Roof Tanks”
Regulation 23:- “To Prevent and
Control Air PoHution  From'* the:

. Emission of - Volatile . Qrganicl

Compounds From Bulk Gaséline
Terminals”

Regulation 24 - “To Prevent and
Control Air Pollution From Emission!
of Volatile Organic Compounds From |

Petrolewrn Refinery Sources™

These hearings will be held in the
Commission’s conference - room
located at 1558 Washington St.reeti

-Bast, Charleston, Kanawha County,

West Virginia. -

These hearings are open to the
public and written and oral
testimony by all interested parties
will be heard and made part of Lhe
record.

Copies of theProposed Regulations
are available for public review in the
office of the West Virginia Air
Follution Cortro! Commission, 1558
Washington Street, East, Charleston,
West Virginia and at the Greenbrier
County Library and Museum, 301
Courtney Drive, Lewishurg, WV
24901.

All comments and inguiries
relative to these proposed amend-
ments should be directed to:

G. DaleFarley

Director

WV Air Pollution Contrel Corm-
mission
1558Wasmngton5treetE
Charleston, WV 25311
{Apr.30, May 7c¢)

Subscribed and sworn

1990, My CommLSjEj?

v, i,

to before

1 expires

BOX 471

SBURG WY 24901
{3041) 615-1206

OF PURBLICATTON

: STATE OF WEST VIRGINTIA
COUNTY OF
GREENBRIER, TO WIT:

1, M/Q_,L/ U@_A&(JLW/I 0o, 13
one of tlhe editors of the West
Virginia Daily News, a daily news-
paper of general circulation pub-
lJished at Lewisburg, West Virginia,
in the County of Greenbrier, State
of West Virginia, do certify that
publication of the advertisement
or advertisements attached hereto

was made in %*LL)D

issues of said newspaper, dated

(. L
ﬁl?p‘aatdl Wlﬂj 77

Given under my hand this, the

b
’E+#"f' , day of WIRL

1930.

4%&&%& ﬁ&@@?ﬂ qL!

Editor or Publisher

thig ,@Z%ﬁ day of 42%% .

s A

. Notary Public.

Publication Hyé:

L#Q 43S

. S




MAILING LIST FOR HEARING

Mr. Charles White

Chairman

Sub Area Planning Committee
PO Box 113

Institute, WV 25112

br. Paul Hill

President

National Institute for
Chemical Studies

University of Charleston

2300 MaeCorkle Avenue, SE

Charleston, WV 25304

The Honorable William Croye
Mayor, City of Belle
National Institute for

Chemieal Studies
Upper Kanawha Valley Commitiee
110 East DuPont Avenue
Belle, WV 25015

Mr. Ray de Bolt

Fire Chief

Charieston Fire Department
808 Virginia Street, West
Charleston, WV 25302

Ms. Suzzanne Tenkhoff

National Institute for
Chemiegl Studies .

Nitro/St. Albans Committee

31 Bailes Drive

Nitro, Wv 25143

Ms. Lillian Erskin
52 Bailes Drive
Nitro, WV 25143

Ms. Mildred Holt
PO Box 367
Institute, WV 25112

Ms, Joline Brady
103 Timberlake Circle
Scott Depot, WV 25560

Dr. Ernest Capstack, Jr.
91 Smithfield Street
Buckhannon, WV 26201




Mr. Robert Hieronymus
1338 Morningside Drive
Charleston, WV 25314

Mr. Bob Parsons
Jackson & Kelly

1600 Laidley Tower
Charleston, WY 25301

Mr. Erie Niiler
Charleston Gazelte

1001 Virginia Street, East
Charleston, WV 25301

Mr. Nerm Steenstra

Environmental Coordinator

West Virginia Citizen Action Group
1324 Virginia Street, East
Charleston, WV 25301

Ms, Becky Fleming
Charleston Daily Mail
1001 Virginia Streetf, East
Charleston, WV 25301

Mr. Rob Hill

ERM Midwest

5088 West Washington Street
Charleston, WV 25313

Mr, Brain Broderick

BNA PLUS - .-
Bureau of National Affair
1231 25th Street, NW
Washington, DC 20037
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REGISTER
~ JUNE 5, 1990
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West Virginia Department of
Commerce, Labor & Environmental Resources
Air Pollution Control Commission

1558 Washington Street, East Telephone: (304)348-4022
Charleston, West Virginia 25311 or (304) 348-3286

MEMORANDUM

To: File

From: G. Dale Farle%f1;
Secretary ) V

Dats: August 10, 18%0

Subject: -~Regulations 21, 23 and 24

Regulations 21, 23 and 24 were brought before the
Commission for final approval on August 10, 198350. The
Commission voted unanimously to adopt the proposed
regulations with amendments [ to the proposed regulations]
as shown on the Errata sheet. In addition, the
Commission took comments from an interested parity who
had previcusly submitted comments, and voted to maintain
the definitions of Happroved", "Commission”, and
"Director”, notwithstanding the comments from EPA.

Further, a discussion was held regarding EPA's
approval of delayed compliance programs and Orders. It
was determined that ne change to the proposed regulation
was necessary to effectuate the Commission's intent.




#

"%‘%‘; ¥ wesT viRraiNIA
Jﬁ& A‘ MANUFACTURERS ASSOCIATION

June 5, 1990

HAND DELIVERED

West Virginia Air Pollution
Control Commission

1558 Washington Street East

Charleston, West Virginia 25311

ATTENTION: Mr..G. Dale Farley, Director

Re: Comments on Rules Regarding Emissions of Volatile
Crganic Compounds from Storage of Petroleum in
Fixed~Roof Tanks, Bulk Gasoline Terminals, and
Petro efine ources, Proposed April 10, 1990

Dear Director Farley:

Enclosed, please find for filing the comments of the West
Virginia Manufacturers Association on the rules governing emissicons
of volatile organic compounds from storage of petroleum in fixed-
roof tanks, bulk gasoline terminals, and petroleum refinery
sources, proposed as amendments to Series 21, 23 and 24 on April
10, 1990 by the Air Pollution Control Commission. Thank you for
your consideration of these comments, and please contact me if you
have any questions.

Presideng

Joc/bif

Enclesure N




COHHENTS OF THE WEST VIRGINIA MANUFACTURERS ASSOCIATION ON
e ' -~ PROPOSED -AMENDMENTS- TO VOC REGULATIONS
' 45 CSR SERIES 21, 23, AND 24

A. INTRODUCTION

On april 13, 1950 public notice appeared in the State
Register announcing the £filing on April 10, 1990 of proposed
amendments of the West Virginia air Pollution Control Commission
("Commission") to the regulations regarding emissions of veolatile
organic compounds ("VCoC") from fixed roof tanks (45 CSR 21), bulk
gasoline terminals (45 CSR 23), and petroleum refinery sources (45
CSR 24} (collectively referred to as the "proposed rules® or
"proposed VOC rules"). Pursuant to this notice, the West Virginia
Manufacturers Association ("WvMA'") files these comments concerning
the proposed rules. The WVMA represents a broad cross-section of
West Virginia’s industﬁial sector. These comﬁents on the proposed
VoC rules are intended in the tradition of the active and
supportive role that the WVMA has taken regarding the attainment

of ambient air guality standards in West Virginia.

B. N _CO NT
1. THE COMMISSIO ST _ELIMINA TGUITIES IN
DEFINITION OF i Vo LE ORGANIC COMDOUND'
UN ECTIONS 45-21=3.25 -23-3.20, AND
45-24-3.

The proposed rules would amend the definition of the term
"Volatile Organic Compound" in gach of the affected regulations to
include any organic compound which"participates in atmospheric
photochemical reactions, excluding several compounds determined to

have negligible effect on photochemical activity. See Sections 45-




21-3.25; 45-23-3.20; 45-24-3.27. This proposed amended.definitigh
CréatééJa“éegféé of unéérféiﬁtfvﬁﬁiéh ;ag ﬁéﬁ ﬁré;éntluﬁder tﬁé
former definition of the term "volatile organic compound," which
included any compound of carbon having a vapoi pressure greater
than one-tenth millinmeters of mercury at standard conditions
excluding carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides or carbonates, and ammonium carbonate.

Furthermore, it is not clear from the proposed rule what
effect the Commission intended for the last sentence of the
proposed definition, which states, "Where such a method also
inadvertently measures compounds with negligible photochemical
reactivity, an owner or operator mray exclude these negligibly
reactive compounds when determining compliance with an emissions
standard." (emphasis supplied). This language implies that, in
additicon to those compounds listed, other compounds may also be
excluded from the definition of "volatile organic compound" if
shown by an approved test method to exhibit negligible
photochemical reactivity. However, the language chosen by the
Comnission to express this highly practical exclusion is
susceptible %o misinterpretation as applying only to compounds
which are "inadvertently measured.”

The WVMA encourages the Commission in defining the term
"vyolatile organic compounds," to retain the requirement that an
organic compound must exhibit a vapor pressure of greater the one-
tenth millimeters of mercury.at standard conditions, excluding

carbon monoxide, carbon dioxide, carbon acid, metallic carbides or




carbonates, and ammonium carbonate._‘This reguirement would provide
. ég Aoﬁjeﬁti&é' stéﬁdaf& 1ﬁpéﬁq'whicﬁ ﬁéﬁﬁfacéufes..cguld réadily
determine whether a given compound’s participation in atmospheric
photochemical reactions is 'negligible." 1In éddition, the last
sentence of the definition of the term "volatile organic compound"”
should be changed to state that "other organic compounds may be
excluded when determining compliance with an emission standard if
shown to exhibit negligible photochemical reactivity as measured
by an approved test method." In this way, the definition weould
clearly reflect the Commission’s intent that, in addition toc the
organic compounds specifically 1listed as negligible, other
compounds might also be excluded from regulation as VOCs if shown
to alsc exhibit negligible participation in  atmospheric

photochemical reactions.

2. TE "VAPOR CONTROIL S "_SHOULD DE ED
CONSTSTENTLY IN SECTIONS 45~-21-3.26, 45-23-3.19 AND
45=24-3.26, AND SHO BE MO I o ECT B

CHNOLOGIC MPO TY OF ING 100% OF

VO EMISSTONS.

The term "vapor control system" is dJdefined in the
proposed VOC rules for bulk gasoline terminals (Section 45-23-
3.19) and petroleum refinery sources (Section 45-24-3.26) as "a
system that prevents release to the atmosphere of volatile organic
compounds emnitted during the operation of any transfer, storage,
Qr preocess equipment.® The proposed VOC rule for fixed roof
storage tanks {(Section 45-21-3.26), however, defines the same term

as "a device or nmethod that collects wvolatile organic compound




em1551ons from the stcrage vessel (flxed roof tank) and preVEntS
thelr release to the atmosphere. This 1ncludes, but is not llmlted
to, wvapor/ligquid absorption, and thermal oxidation."® In the
interest of regqulatory consistency, and because the Commission has
indicated no reason why the meaning of the term "vapor control
system" should vary as applied among fixed roof storage tank, bulk
gasoline terminal and petroleum refinery sources, the WVMA requests
that the following definition of the term "“vapor control systen"
be adopted by the Commission for each of the above-mentioned
regulatory provisions:

"Vapor Control System" means a device or

method that collects volatile organic compound

enissions from any transfer, storage or

process eqguipment, and limits their release to

the atmosphere. This includes, but is not

limited to, vapor/liguid absorption, vapor

compression, vapor cooling, vapor/sclid

absorption, and thermal oxidation.

This definition is based upon the more objective,
unambiguous language of the "vapor control system” definition found
in the proposed VOC rule regarding fixed-roof storage tanks
(Section 45~21-3.26)}. However, the specific reference to "fixed-
roof storage tanks" in Section 45-21-3.26 would be deleted in favor
of the language above, in order that the definition would be
equally applicable to fixed-roof storage tanks, bulk gasoline
terminals, or petrcleum refinery sources.

Furthermore, in describing the technological capabilities

of a "vapor control system," the definition advanced by the WVMA

would substitute the phrase ¥Ylimits their release to the




atmosphere" for "Qrevents thelr release to the atmosphere. This
change is requested in recognltlon of the fact that even the most
advanced forms of vapor control technologies may be incapable of
removing 100% of VOC emissions. Use of the'word "limits" or
vlimitation" is thus consistent with the Commission’s intent that
"vapor control systems" be utilized to gontrol or 1limit the
emission of VOC’s to the extent which is technologically possible.
See Sections 45-21-~1.1, 45-23-1.1 and 45-24.1. It is also
consistent With the definition of “vapor recovery system" found in
the U.S. EPA’s regulations at 40 CFR §501 in connection with the
regulation of bulk gasoline terminals ("any egquipment used for
containing total organic compounds vapors displaced during the
loading of gascline tank trucks") (emphasis supplied). Conversely,
use of the word “"prevents" cor "prevention™ would suggest that vapor
control systems would be expected to completely eliminate emissions
of VOC. Such a standard would be impossible to meet.

3. THE _COMMISSTON SHOULD NOT DELETE PROVISIONS

ENTT.Y CONTAINE SECTICN —2l=-4.4, 45-23-—
4.4 AND 45-24-4.4 CH PROVID OR_PETITIONS BY
OWNERS AND OPERATORS OF COVERED SQURCES FOR THE

G NG OF E ONS ON_ 2 CASE-BY-CASE BAS

Presentl?, the regulations covering VOC emissions from
fixed-roof sterage tanks (Section 45=-21-4.4) bulk gasoline
terminals (Section 45-23-4.4), and petroleum refinery sources
(Section 45-24-4.4) specifically recognize the need feor case-by-
case consideration of whether individual sources should be exempt
from all or part of the regulatory provisions on VOC emissions
applicable to such source. These regulations allow owners and

5




cperators of individual sources to petition the Commission for
’ ‘eXéﬁption'from é?%liéébiévV6C eﬁiééiéﬁiéféﬁaaréé.“ Tﬁe‘céﬁﬁiséién
is then empowered to grant such petitions upon a sufficient showing
that applicable VOC enmission standards are technologically
infeasible as applied to the specific fixed-roof tank, bulk
gascline terminal, or petroleum refinery sources. These petitions
are required to include detailed analysis of proposed alternative
VOC emission controls, plans for reduction of VOC emissions from
related sources not covered under the VOC rules, and schedules for
implementation of these proposed controls. The present VOC rules
also allow the Commission to revise or terminate exemptions granted
pursuant to such petitions at any time a given exemption is deemed
unwarranted.

The WVMA considers the present regulatory provisions for
exemption from the VOC emissicns standards as both consistent with

the legislative purpcse of W. Va. Code §16-20-5, and essential to

a flexible and balanced regulatory approach in West Virginia. The
fact that such petitions are considered by the Commission on a
case-by-case basls, along with the other procedural reguirements
of the present provisions provide sufficient protection of ambient
air quality to comply with federal regquirements of the state
implementation plan ("SIP"). The WVMA urges the Commission to
leave these provisions for case-by-case exemption from VOC
standards in place until all other alternatives for reduction of

VOC emissions have been exhausted.




THE PROPOSED PROVISIONS OF SECTIONS 45-21-4.4, 45-

_23-4.4, AND. 45-24~-4.4 REQUIRING THAT,  ONCE

REGULATED, A SOURCE REMAINS SUBJECT TO VOC_RULES
DESPITE LATER FALTLING WITHIN AN FEXEMPTICON LEVEL,

SHOULD MINATED.

The WVMA strongly urges the cCommission to delete the

"once covered, always covered" provisicon of the proposed VCC rules,

where it is stated:

(Sections

If a source becomes subject to any regquirement
in this regulation because it exceeds an
exemption level, the source shall continue to
be subject to all applicable reguirements,
regardless of whether the source falls below
the exemption level in the future.

45=-21~4.4, 45-23-4.4, and 45-24-4.4).

The WVMA objects to this proposed provision on the basis

that it overreaches the statutory authority of the Commission by

regulating various transfer, storage, and process eguipment without

regard to whether such sources pose any significant threat to

ambient air concentrations. In addition, implementation of this

rule would cause the Commission o divert its limited resources to

the regulation of a number of sources which pose 1little or no

threat to ambient concentrations.

STORAGE TA WITH POUBLE S INTERNAL FILO NG

QQFS HO QT BFE UBJECTED TO E___SAME
MATNTENANCE SPECTION REPO AN TEST

UIREMENTS STORAG S WITH SINGLE L

T AL FT.O2A G OFS.

As is the case under the present regulations regarding

storage tanks with internal floating roofs, the proposed rules for

Series 21 do not distinguish between single seal and double seal




internal floating roofs. ' Thus, under the proposed rule, the

'ﬁaiﬁtehéﬁcé feﬁﬁifémentév—of " Section '45-21-4.2 and 4.3,. the
inspection requirements of Section 485-21-7.1, the reporting
reguirements of Section 45-21-7.2, and the testing requirenents of
Section 45-21-7.3 are presumably the same for double seai internal
fleoatation roof tanks as for single seal internal floatation roof
tanks.

The proposed rule thus fails to take account of the
significant safety and maintenance benefits associated with double
seal internal floatation roof tanks or the difficultly of
inspecting the secondary (inside) seal without emptying the tank,
thus taking it out of service. This is in stark contrast to U.S.
EPA regulations on the maintenance, inspection, repeorting, and
testing requirements of double seal internal floatation roof tanks,
found at 40 CFR §60.113b(a){3). For example, the Federal
regulations require that primary ocutside double seal tanks put into
service or modified after July 23, 1984 be visually inspected every
five years, or when enmptied, as opposed to the annual inspection
regquired for single seal tanks. See 40 CFR §560.113b(2)(3)(i}:
60.113b(a)(2). Furthermore, the secondary seal of a double-seal
tank need only be inspected every 10 years or when emptied, unless
the secondary seal is otherwise found to contain holes or leaks.
See 40 CFR §860.113(b)(aj(4). Indeed, it should be noted that,
unlike the federal regulatiqns, the rules propesed by the
Commission for Series 21 fail to differentiate storage tanks on the

basis of when a given tank was modified or placed into service.




.See 40 CFR §§60.111(a); 60.111(b).

. | For 'these r-e.asonls., the VWVM.A ur-g.es i:i'le Coﬂmgﬁi.sa-:ion ‘Eo
exempt double seal internal floatation tanks from the maintenance,
inspection, reporting, and testing requirementé of Sections 45—
21-4.2 and 45-21-7.1 gt. seg. of the proposed rule, or to propose
alternative rules more appropriate to such tanks, such as those in

sinilar federal rules.

6. ON_O "CASOLINE" UND
PROPOSED R K GASOL T NALS SHO
c D Cr.u GHT G QF 0
RODUCT JCH AS DR AS ROP NE, AND B S.

The term "gasoline" is defined in Section 45-23-3.12 of
the proposed regulations as "a petroleum distillate having a Reild
vapor pressure of 27.6 kPa (fcur (4) pounds / sguare jinch) or
greater which is used as a fuel for internal combustion engines."
This definition of "gasoline" could be misconstrued as extending’
to the storage of lighter grade petroleum products, including dry
gas, propane, propylene, and butanes. This result is inconsistent
with the U.S. EPA’s standards of performance for new stationary
sources for bulk gasoline terminals, which apply specifically to
"the total of all the loading racks at a bulk gascline terminal
which deliver ligquid preoduct into gasoline tank trucks.™ 40 CFR
§60.500(a). This result also ignores the stated scope of Series
23 of the Commission’s regulations, which states that "It is the
intent of the Commission that all persons engaged in the operating
of bulk gasocline terminals and fhe appurtenant egquipment necessary

to leoad tank trucks or trailer compartments control the emission




—— |

. of volatile organic compounds through the application of reasonably
évailagie ébhtfal technology." (Section 45-23-1.1). | |

For these reasons, and because of the insignificant
contribution to total VOC enissions which are posed by the lcoading
of these lighter grades of petroleunm products into tank trucks, the
WVMA encourages the Commission to amend the proposed definition of
the term "gascline" in Section 45-23-3.12 to make it c¢clear that
lighter grades of petroleum products, including dry gas, propane,

propylene, and butanes; are excluded from the definition of

"gasoline."
7. ROPOS U CONCERNTN 8] ASQOLT TERMINALS
CcUL B c IFTE TO ATICW THE DISCHAR E
CASCL INTO SEWERS CON G TER SEP TCR

Section 45-23-4.3 prohibits all discharges of gasoline

into sewers. This provision nmust be clarified by prohibiting the

discharge of gasoline into sewers except where the sewer Iis
connected to an cil/water separator or other waste water treatment
unit. In this way, the rule would récognize the widely accepted
and environmentally sound practice of mitigating the escape of
gasoline to the air after accidental spills by washing the spilled
gasoline into sewers eguipped with treatment units. Indeed, the
Commission has recognized the need for discharges into sewers with
oil/water separators in the context of petroleunm refineries. See

Sections 43-24-3.28 and 45-24-4.2.

1c¢



C. CONCILUSTON _

The WVMA appreciates the opportunity to comment on these
regulations, and trusts that our comments will be given due and

deliberate consideration.

Submitted June 5, 1990
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Iﬂ LNyt UNPTED STATES ENVIRGNMENTAL PROTECTICN AGENCY

s A%y REGION f1]

5‘ ¢ 841 Chestnut Building

o i Philadelphia, Pennsylvania 18107
=

‘ JUN 21990
¥Mr. G. Dale Farley, Director
West Virginia air Pollution Control
Commission
1558 Washington Street, East
Charleston, West Virginia 25311

Dear Mr. Farley:

In response to your request for EPA review of the draft vocC
regulaticns being corrected pursuant to the November 1, 198% SIP
call, we have prepared the following comments. Please enter these
comments as part of the public hearing record.

FEIXED ROQF TANKS

§45-21-1 GENERAL

1.1 For «clarity the Scope should also include the
applicability level. The affected facilities are fixed
roof storage tanks with capacities greater than 150,000
liters containing petroleum ligquids with a true vapor
pressure greater than 10.5 kPa.

1.4 This regulation should becone effective upon
promulgation.

§45-21-3 DEFINITION

-

3.25 The definition of VOC should be amended to include the
- following compounds exempted by EPA on January 18, 1989
(54 FR 1987}):

(1) Dichlorotriflucroethane (HCFC-123)
(2) Tetrafluorocethane (HFC-134a)

(3) Dichlorofluoroethane (HCFC-141b)
(4) Chlorodifluoroethane (HCFC-142b)

The fourth sentence should also be amended to read as
follows: For purpcses of determining compliance with
emissions 1limits, VOC will be measured by the EPA
approved test methods.




§45-21-4 CONTROL AND PREVENTION OF EMISSIONS

4.lb) West Vlrglnla Alr Pollutlon Control Commission (WV
APCC) should amend this sub-section to read, "The
source has been equipped with an approved vapor
control system capable of achieving 85% emissions

reduction."

4.2b) {2) WV APCC should add the word "support" feollowing roof
leg¥, to keep this sub-section consistent with the

entire regulation.

§45-21-~7 INSPECTION, REPORTS, AND TESTING

7.1k) WV APCC should add the phrase "or once per year" at the
end of this sub-section.

7.4 Any revisions to this sub-section (i.e., test precedures
and reporting instructions) should be subnitted to EP2

as a SIP.revision.
§45-21~8 COMPLIANCE PROGRAMS

This section is not acceptable to EPA, because it would not
be federally enforceable. Refer to enclosure 1, Compliance
Schedules for Volatile Organic Compounds (VOC's), which states
that sources have one year to comply, from the date of the

regqulation change. ™
§45-21-11 INCONSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.

BULK GASOLINF, TERMINALS

WV APCC needs to develop regulations to require that all tank
trucks loading and unloading at bulk gascline terminals use vapor
recovery systems, and be certified leak-tight by bulk terminals.

These regulations should be developed pursuant to the CTG
entitled, "Control of Volatile Organic Compound Leaks from Gasoline
Tank Trucks and Vapor Collection Systems." (EPA-~450/2-78-051}.

§45-23~1 ' GENERAL

1.4 This regulation should become effective upon
promulgation.




e

§45-23~3 DEFINITION

3.20 The definition of VOC should be amended to include the
following compounds exempted by EPA on January 18, 1989%
(54 FR 1987):
(1) Dichlorotriflucrcethane {HCFC-123)
(2) Tetrafluoroethane (HFC-134a)
(3) Dichlorofluorocethane (HCFC-141k)
(4) Chlorodifluorcethane (HCFC-142b)

The fourth sentence should also be amended to read as
follows: For purpcses of determining compllilance with
emissions limits, VOC will be measured by the EPA
approved test methods.

§45-23-4 CONTROL AND PREVENTION OF EMISSIONS

4.2(a) (1) As specified in the CTG entitled "Control of
Hydrocarbons from Tank Truck Gascline Loading
Terminals" (EPA-450/2-77-026), WV APCC should amend
this sub-section to read, "an approved adscrption,
absorption, compression or condensation system
which processes and recovers vapors and gases from
the eguipment being controlled capable of achieving
50% emissions reduction.”

§45-23-7 REPORTS, AND TESTING

7.3 (a) WV APCC should amend line two of this sub-section
to read, " ... sampled and analyzed in an EPA
approved manner such that the ...."

7.3 (b) WV APCC should amend line three of this sub-section
to read, "... shall be computed using accepted

engineering practices and in EPA approved manner
n

- . v

7.3 (e) WV APCC should amend line three of this sub-section
to read, ... EPA approved manner ."

§45-23-8 COMPLIANCE PROGRAMS

See comments under §45-21-8.
§45-23~11 INCONSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.



_ _ PETROLEUM . REFINERY SOURCES
§45-24~1 GENERAL |

1.4 This regulation should beccome effective upon
promulgation. !

§45-24-3 DEFINITION

3.27 The definition of VOC should be amended to include the
following compounds exempted by EPA on January 18, 1989
(54 FR 1687): ‘

(1) Dichlorotrifiuorcethane (HCFC-123)
(2) Tetrafluorocethane (HFC-134a)

(3) Dichloroflucrocethane (HCFC-141Db)
{4) Chlorodifluorcethane (HCFC-142b)

The fourth sentence should also be amended to read,
"For purposes of determining compliance with emissions
limits, VOC will be measured by the EPA approved test
nethods. ™ - =

§45-24—-4 CONTRQL AND PREVENTION OF EMISSIONS

4.2(a) WV APCC should amend this sub-section to read,
"Provide approved covers and seals on all separators
and forebays, and,”

4.3(b) WV APCC should amend this sub-section to read as
follows: "Preventing emissions of volatile organic
compounds from a process unit or wvessel f[unless]

e

until ..." .
§45-24~7 REPORTS, AND TESTING

7.1 WV APCC should amend the third line of this section to
read, " ..... to conduct or have conducted EPA approved
tests to determine the compliance of such ..."

§45-24-8 COMPLIANCE PROGRAMS

See comments under §45-21-8. In addition, WV APCC needs to
add specific requirements as suggested in the control
technique ‘gquideline entitled "Control of Refinery Vacuum
Producing Systems, Wastewater Separators and Process Unit
Turnarounds™ (EPA-450/2-77-025). This provision should
specify the timetable for compliance, to include the dates
for ordering, receiving, installation, and start-up of
necessary eguipment.




§45—-24-10 INC@NSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.

We appreciate the opportunity to review and comment on these
draft regulations. Should you have any gquestions regarding our
comments, please feel free to call me at (21B) 5%7-9075 or your
staff may contact Ms. Jacqueline Lewls at (215) 597-6863.

Sincerely,

e

Marcia L. Spink, Chief
Air Programs Branch

Enclosure




ENCLOsSURE

g,‘ F o ) 5 UNITED STATES E_NVJRO_NMENTAL PROTECTION AGENCY
£ M 5 Office of Air Quelity Plamning and Standards
% Research Triangle Park, North Carolina 27711
< pm(p{’
i
MAR 15 1339
MEMORANDUM
SUBJECT: Compliance Schedules for Volatile Crganic Compounds
(VOC’s} 3
FROM: John Calca
Air Qualit] Managemen ivigi
John Seitz, Director 4%5/
Stationary Source Co ance Divisi
TO: David Kee, Director

Air and Radiation Division, Region V

We nave reviewed your memorandum dated December 7, 1988
regarding two issues on compliance schedules for Vol’s. The
First issue pertains to U.S. Envirconmental Protection Agency’s
(EPA’s) continuity policy, which requires that each source comply
with an existing State implementation plan (SIP) until the new or
revised SIP is met. As you stated in vour memorandum, this
pelicy has been (and continues to be) a key feature of EPA’s
implementation of Part D of the Clean Air Act. This memorandunm
reaffirms EPA’s intention of supporting and maintaining this
policy, particularly in light of the post-1987 SIP calls and
correction .of VOC. deficienclies and deviations.

The second issue pertains to a source’s need and/or reguest
for additional time to comply with the revised VOC reguiations.
You proposed two approaches for extending compliance schedules
for corrected VOO rules. '

The first approach would not grant any additional compliance
time except through the delayed compliance order (bCO) process.
(Under the DCO process, a source may request up to an additional
3 years to comply with a VOC regulation.) We recommend this
approach (i.e., immediately effective rules with case-by-case
DCO’s) when the changes are trivial or simply clarify previous
interpretations and do not impose significant new, additional
burdens on sources that were otherwise in compliance with the
approved SIP. (Sources not in compliance with existing .
requirements should not be allowed additiconal compliance tine,
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and instead should be handled through a traditicnal compliance
approach.) In addition, when a rule change affects only part of
a source category or the State cannot document how the change
will atfect sources, the rule should be immediately effective

(and the DCO process is appropriate). .

However, this first approach (no additional compliance time)
may be unduly restrictive in circumstances where previously
exenpted sources are newly regulated, or where scurces that
previously complied with the approved SIP now require major
process changes and/or major capital expenditures to comply.

In these instances, we recomnend the second approach of setting a
npresunptive norm" compliance scliedule of 1 year or less (from
the effective date ©f the revised rule). However, under this
second approach, the State is obligated to clearly demonstrate
that these circumstances exist for all sources eligible for this
tpresumpptive norm."®  The "presumptive norm"” compliance time
frame would not necessarily apply to an entire source category.
In this case, the State’s regulation allowing the "presumptive
norm" would need to clearly specify that peortion of the source
category affected. Conversely, the regulation would need to
ciearly specify that the other sources in the category have an
immediately effective compliance date (i.e., the DCO i§ the only
route available for an extemsion}. __—

Under the "presumptive ncrm® approach, we alsce agree with
your suggestion that any source requesting additional time beyond
the 1 year would be required to apply for a DCO, rather than
submitting. a rule revision. If a DCO becomes necessary, we would
encourage the Regional Offices to limit compliance date
extensions to the minimum time necessary to comply with the
nodified regulations, not to exceed 3 years from the date of rule
adoption. Further, the DCO should be limited only to changes

.made necessary by the rule change. Noncompliance incidental to

the rule change sheuld not be included in the DCO; instead, these
cases should be handled through normal compliance mechanisms. In
any case, EPA retains the responsibility to ensure that.any

compliance schedule, whether it is contained in the SIP submittal
or is the result of a DCC, meets the Clean Air Act’s requirements

of ‘expeditiousnegs.

While EPA’s policy on grandfathering provisions would apply
in these compliance cases (memorandum from Gerald A. Emison,
Office of Air Quality Planning and Standards, to Air Division
Directors, "Grandfathering of Requirements for Pending SIP
Revisions," June 27, 1988), we are not aware of any SIP

submittals that would be grandfathered by this policy. Please

advize us if this is not the case.

[




If you have any questions or comments, please call John
Silvasi at FTS 629-5666 or David Cole at FTS £25-5497.

Attachment

cc: R. Ossias, OGC
Air Director, Regions I-X -
Air Branch Chief, Regions I-X
Regional Division Directors
Regional Air Branch Chiefs (Programs and Compliance)
VOC Regulatory Contacts
voC.Lompliance Contacts
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Mr. Dale Farley, Rirector —
West Virginia Air Pollution Control Commission .oz =
1558 washington Street, Bast TS ;
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Charleston,gﬁgst Virginia 25311

5
Dear Mr. fg& ey:

Oon ovember 8, 1989, Edwin B. Brickson, EPA Regicn III
Regional Administrator, notified Governor Caperton that the State
Implementation Plan (SIP) was substantially inadequate to achieve
the National Ambient Air Quality Standards (NAAQS) for certain
areas within the State of West Virginia. Additional air gquality
data that have since been obtained for 1988 have shown that
Greenbrier County and the Charleston Metropolitan Statistical Area
(MSA) are now showing ozone nonattainment. The Charleston, West
Virginia MSA consists of Xanawha and Putnam Counties.

The letter to Governor Caperton requested that West Virginia
respond to EPA’'s letter in two phases. The second phase of the
response will follow the issuance of EPA’s £final program
requirements for ozone and CO nonattailnment areas, and therefore
will not be addressed in this letter. The first phase response,
however, is expected in the near future. This phase involves:

(1) correcting deficiencies and inconsistencies in existing
regqulations;

(2) develcping a base year emission Inventory for Greenbrier
County and Charleston MSA; and

(3) if the Clean Air Act Amendments and/or EPA policy reguires
it, commit to and develop a schedule for conducting an ambient
sampling program for nonmethane organic compounds (NMOC).

Deficiencies and Inconsistencies

Correcting Existin

On November 24, 1987, EPA proposed its post-1987 ozone and CO
policy. Appendix D of the proposed policy contained a listing of




SIP deficiencies and inconsistencies that should be addresi.c 1l and
corrected when States respond to netifications ¢f SIP deficicnoies.
On May 24, 1988, EPA prepared a supplement to Appendix D euniitled,
Issues Relating To VQC Requlations, Cutpoints, Deficieacius, and
Deviations), to provide additional clarification of those
deficiencies described irn Appendix D (Enclosure 1). This document
addresses existing reasonable available control technology
regulations for volatile organic compounds (VCC’'s) that have not
been adopted and/or that have been implemented on a nationally

inconsistent basis.

This clarification does not expand or modify existing
regulatory requirements, but merely enhances Appendix D by
providing more specific and detailed guidance. This document
addresses many of the Appendix D problems found during EPA’s review
of State regulations following the April 1987 letter from the EPA
Administrator to the Governors. Corrections of the deficiencies
described in the document will provide for a greater degree of
equity and national consistency among all States and localities
that develop and implement revised plans to deal with the
continuing ozone problem.

EPA has reviewed the West Virginia regulations identified in
Enclosure 2 and has included guidance on how those regulations can
be changed to meet the required Reascnably Available Control
Technology (RACT) level of control. While we believe that we have
identified, in Enclosure 2, 2ll known deficiencies and
inconsistencies in your existing VOC regulaticns, we request that
you independently ascertain that your SIP is consistent with the
May 24, 1988 guidance, the Control Technigues Guideline (CTG)
documents, and Enclosure 2.

Emission Inventorvy

Guidance concerning methodologies for preparing VOC emission
inventories, "Procedures for the Preparation of Emissicon
Inventories for Precursors of Ozone", Volume I, EPA-450/4-88-021,
December 1988, and guidance for preparation of the Mobile Source
Inventory "Procedures For Emission Inventory Preparation", Volume
IV, Mobile Sources EPA-450/4-81-026d (revised), July 1989, have
previously been sent to you.

Workplan

To assure timely action on the first phase regquirements, we
are asking you to develop a work plan describing both interim and
final milestones for completing these various tasks, and to submit
that plan to the Regional Office within 60 days of receiving this
letter. This work plan should show expeditious completion of Phase
I activities. Generally, EPA presumes expeditions to mean cne (1)
year from the date the plan is submitted. The work plan should
provide a timetable for at least the following activities:




Regulatory Actions

Completion of technical analysis (as appropriat:);
Preparation of draft rule/regulations;
Notification of public hearing;

Hearing date;

Adoption date;

Date of submission to EPA.

Emission Inventorv

Submittal of format/sample calculations;
Data collection;
Submittal of draft inventory.

When preparing your work plan please account for EPA's need
to review your drafts and for the time needed for you to
incorporate EPA’s comments.

I realize that resource constraints have made it difficult to
comply with the 1988 ozone SIP call. When vou develop your work
plan as described above, you should indicate your progress in
satisfying the previous SIP call requirements. This new SIP call
should not interfere with the progress of the 1988 SIP call. The
1988 SIP call commitments must be net.

We hope that EPA and West Virginia will work closely in the
coming months in order to fully respond to both this and last
vear’s SIP calls in a more timely manner. We look forward toc your
response by January 31, 1990. Please feel free to contact me or
Marcia L. Spink, Chief, Air Programs Branch at (215) 597-5075, if
you have any questlons.

Sincerely

/ﬂ_—/
Thomas® J. Maslany, Director

Air, Toxics & Radiation
Management Division

2 Enclosures




Enclosure 2

WEST VIRGINIA REGULATION DEVIATION AND DEFICIENCIES

I. Regulation XXI - Storage of Petroleum Liquids in Fixed Roof

A.

B.

Tanks

Definitions

1. BSection 3.15 -~ The definition of "hydrocarbon” may
be eliminated since the term "volatile organic compound”
will be used exclusively to refer to those organic
compounds which contribute to ozone formation.

2, Section 3.17 - The definition of "organic material"
may be eliminated for the same reason already stated

above.

3. Section 3.27 - The definition of "volatile corganic
compound" (VOC) should be changed, consistent with EPA
guidance. The most current definition of VGC is:

"Any organic compound which participates in atmospheric
photochemical reaction. This includes any organic
compound other than the following compounds: methane,
ethane, methyl chloroform (1,1,l~trichloroethane), CFC-
113 {trichlorotriflucrcethane), methylene chloride, CFC-
11 (trichloroflucromethane), CFC-12 (dichlorecdifluoromet-
hane), CFC-22 (chlorecdifluoromethane), FC-23 (tri-
fluoromethane), CFC-114 (dichlorotetrafluorcethane), CFC-
115 (chloropentafluoroethane). These compounds have been
determined to have negligible photochemical reactivity.
For purposes of determining compliance” with emission
limits, VOC will be measured by the approved test
methods. Where such a method also inadvertently measures
compounds with negligible photochemical reactivity, an
owner or operator may exclude these negligibly reactive
compounds when determining compliance with an emissions
standards."”

Section 4 - Control and Prohibition of Emissions

1. Section 4.01(c) - EPA cannot generically approve any
alternative control system into a State regulation which
is not explicitly described in the regulation.

Action:

Before 1inclusion of this section into West Virginia‘s
SIP, West Virginia must clearly specify that any such
alternative compliance plans must be submitted to EPA for
approval. Alternatively, West Virginia may delete this
provision from its regulations. Deletion of the
provision does not prohibit any source from soliciting




approval for alternative compliance plans.

2. BSection 4.03 - The reference to "Alternative Control
System" should be deleted or modified to reflect an EPA
approved alternative control system.

3. Section 4.04 -~ This section provides for alternative
compliance plans to be approved by the State. As stated
above, EPA cannot allow such generic authority.

Actions:

Before inclusion of this section into West Virginia’s
SIP, West Virginia must clearly specify that any such
alternative compliance plans must be submitted to EPA for
approval. Alternatively, West Virginia may delete this
provision from its regulations. Deletion of the
provision dces not prohibit any source from soliciting
approval for alternative compliance plans.

II. Regulation XXITI -~ Bulk Gasoline Terminals

A. Definitions

l. Section 3.13 - Definition of hydrocarbon - See I.A.1
above

2. BSection 3.14 - Definition of Organic material - See
I.A.2 above

3. Section 3.22 - The definition of volatile organic
compound should be changed to that described above
in T.A.3.

B. Section 4 - Contrcl and Prohibition of Emissions

1. Section 4.02(3) - The reference to an alternative
control system approved by the Commission should either
be deleted or modified to state that the alternative
control system must be approved by the Commission and
EPA.

2. Section 4.04 - See comments above in I.B.l1 and I.B.3

Action:

Before inclusion of this section into West Virginia’s
SIP, West Virginia must clearly specify that any such
alternative compliance plans must be submitted to EPA for
approval. Altermatively, West Virginia may delete this
provision £from its regulations. Deletion of the
provision does not prohibit any source from soliciting
State and EPA approval for alternative compliance plans.




3. Issue: Compliance tesi methods and procedures should
be specified in regulations.

Action:

Before inclusion of this regulation into West Virginia's
sIp, wWest Virginia must add test methods and
recordkeeping procedures so that compliance with the
standard can be determined. West Virginia should consult
EPA Document 450/2-77-026 "Control of Hydrocarbkcns from
Tank Truck Gascline Loading Terminals” to find the
appropriate compliance test methods and procedurws for
the State regulations.

IITI. Regulation XXIV - Petroleum Refinery Scurces

A. Definitions

1. Section 3.16 - Definition of hydrocarbon - see I.A.1
above

2. Section 3.17 - Definition of organic material -~ see
I.A.2 above

3. Section 3.29 - Definition of VOC - see I.A.3 above
B, Section 4 - Control and Prevention of Bmissions

1. . __Section 4.01(b)(3) - Alternative control systems -
EPA ‘cannot approve of such generic authorlty. See
comments for I.B.l1 above.

2. ©Section 4.02(b) - Alternative control system. See
comments for I.B.l above.

3. Section 4.04 - Alternative compliance plans - See
comments for I.B.l1 above.

IV. For all the above regulations, records should be reguired to
be kept by the source for a two (2) year period. In addition to
this requirement and in lieu of specific recordkeeping requirements
for each source category, West Virginia may choose to place a
generic recordkeeping requirement applicable to all regulations
stating that records must be kept such that compliance with the
applicable standard may be determined. In addition, sources which
now exceed or have ever exceeded the exemption level described in
the specific regulation, are required to be subject to the
regulation from that time forward. This is described as the
concept of "cnce-in-always-in".
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MR, DOUGLASS: I'D LIKE TO CALL THIS MEETING
BEFORE THE AIR POLLUTION CONTROL COMMISSION TO ORDER. WE'RE
HAVING PUBLIC HEARINGS TODAY AND WE HAVE A COURT REPORTER ON
HAND, SHIRLEY HANSON OF HUDSON REPORTING. ANYONE WISHING A
COPY OF THE HEARING SHOULD MAKE THEIR OWN ARRANGEMENTS WITH
THE COURT REPORTER.

THE COMMISSION PRESENT TODAY IS L. NEWTON THOMAS,
SAMUEL KUSIC, JOSEPH SCHOCK, CLEVE BENEDICT, AND CHAIRMAN
CREDE DOUGLASS.

THE FIRST ITEM ON THE AGENDA IS PROPOSED AMENDMENTS
7O REG 21, "TO PREVENT AND CONTROL AIR POLLUTION FROM THE
STORAGE OF PETROLEUM LIQUIDS IN FIXED ROOF TANKS".

DO WE HAVE ANYONE WHO WISHES TO BE HEARD?

MR. FARLEY: JUST BRIEFLY, TO OPEN ON THIS, THOSE
FIRST THREE REGULATIONS THAT WE HAVE ON THE AGENDA TODAY FOR
AMENDMENT COULD PROBABLY BE HEARD, FROM A PRACTICAL
STANDPOINT, TOGETHER. I WOULD IMAGINE THAT'S THE WAY WE WOULD
GET COMMENTS, BUT We COULD SEE HOW THAT WOULD GO AS FAR AS ANY
PUBLIC COMMENTS. THESE REGULATIONS ARE BEING AMENDED BASED
UPON AN ANALYSIS OF THE REGULATIONS DONE BY E.P.A. EARLIER.
THIS IS PURSUANT TO A WORK PLAN WE FILED IN EARLY FEBRUARY OF

THIS YEAR WITH E.P.A. TO DO VARIOUS THINGS TO SATISFY NON-
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ATTAINMENT PROBLEMS. WITH THAT BEING SAID, I'LL LET JORN
BENEDICT MAKE A FEW COMMENTS ABOUT THE REGULATIONS IN THAT HIS
GROUP DID THE ANALYSIS ON THEM.

MR. JOHN BENEDICT: MY NAME IS JOHN BENEDICT AND
I AM THE CHIEF OF THE PLANNING DIVISION FOR THE AGENCY,

THE FIRST REGULATION, REGULATION 21, DEALS WITH
CONTROLLING VOLATILE ORGANIC COMPOUND EMISSIONS FROM THE
STORAGE OF PETROLEUM LIQUIDS IN FIXED-ROOF TANKS. BASICALLY,
THIS ONLY COVERS TANKS OF ABOUT 39,000 GALLONS OR MORE
CAPACITY AND WHICH STORE FLUIDS WITH 1.52 P.S.I.A. TOTAL VAPOR
PRESSURES.

GENERALLY, WHAT WE'RE CONCERNED WITH IS THE STORAGE
OF GASOLINE IN FIXED-ROOF TANKS. AND, AS DALE SAID, THE
REVISIONS WERE TO ADDRESS E.P.A.’'S DEFICIENCIES AND E.P.A.'S
REQUIREMENTS TO PROVIDE A GREATER DEGREE OF EQUITY AND
NATIONAL CONSISTENCY ON ALL THE REGULATIONS IN ALL STATES,.

WE'VE ADDED -~ ORIGINALLY, THE REGULATION, IT WAS A
1979 VERSION AND IT ONLY AFFECTED KANAWHA, PUTNAM AND JUST A
PORTION OF FAYETTE COUNTY THAT CONSIDERED AIR QUALITY CONTROL
WAS POOR —- QE'VE,ADDED FOUR COUNTIES, CABELL, WAYNE, WOOD,
AND GREENBRIER, WHICH HAVE RECENTLY BEEN IDENTIFIED AS NON-

ATTAINMENT FOR QZONE.




RUPERT BURFORD IS SITTING IN THE BACK. HE'S ON OQUR
PLANNING STAFF RIGHT NOW. HE DID AN ANALYSIS AND REVIEWED THE
INVENTORIES OF ALL THESE REGIONS TO DETERMINE HOW THIS
PARTICULAR REG WOULD AFFECT THESE VARIOUS SOURCES., BASICALLY,
IT DOESN'T AFFECT ANY SOURCE OTHER THAN MAYBE THE REQUIREMENT
TO KEEP RECORDS OF THEIR THROUGHPUTS AND TESTING FOR A TWO-
YEAR PERIOD OF TIME, AND WE MAY REQUIRE TESTING AT SOME POINT.

MOST FACILITIES HAVE ALREADY GONE TO FLOATING ROOFS
FOR THEIR GASOLINE STORAGE JUST TO SAVE THE VAPORS THAT WOULD
BE LOST BY LOADING THROUGH THE TANK AND CUTLOADING TO THE
TANK., 350, GENERALLY, THIS REGULATION IS BEING UPDATED BUT IT
REALLY HAS NO EFFECT ON ANY SOURCE WITHIN THE STATE OTHER THAN
THE TESTING RECORD REQUIREMENTS.

MR. DOUGLASS: ANY QUESTIONSY DO YOU HAVE
ANYTHING ON NUMBER 2 OR NUMBER 37

MR. JOHN BENEDICT: LET ME SKIP TO REGULATION 24,
CONTROLLING VOLATILE ORGANIC COMPOUND EMISSIONS FROM PETROLEUM
REFINERIES. WE ORIGINALLY ENACTED OR PROMULGATED THIS
REGULATION TO CONTROL THE PENNZOIL FALLING ROCK FACILITY UP
ELK RIVER. IT HAS SINCE BEEN CLOSED. SO, REVIEWING ALL THE
AFFECTED AREAS, THOSE ADDITIONAL COUNTIES, TO OUR KNOWLEDGE,
THERE ARE NO REFINERIES THAT THIS REGULATION WOULD COVER IN

ANY OF THE AFFECTED AREAS. AND THE COMMISSION MAY CONSIDER AT
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SOME POINT EITHER GETTING RID OF THIS REGULATION OR RETAINING
THIS REGULATION.

WE DO HAVE REFINERIES IN AREAS THAT AREN'T IN THE
AFFECTED AREAS AND AT SOME POINT IN TIME THIS COMMISSION MAY
HAVE TO IMPLEMENT A REGULATION CONTROLLING EMISSIONS FROM
THOSE PARTICULAR REFINERIES SHOULD WE FIND QURSELVES IN AN
OZONE NON-ATTAINMENT SITUATION IN THOSE AREAS OR THE CLEAN AIR
ACT, DEPENDING ON WHAT VERSION COMES OUT THAT MAY REQUIRE THE

CONTRCL OF THESE TYPE SOURCES.

MR. DOUGLASS: D0 WE HAVE ANY COMMENTS FROM THE
PUBLIC?Y

MR. GALLAGHER: YES.

MR. DOUGLASS: WILL YOU COME FORWARD AND BE SWORN
IN?

(WITNESS SWORN)
THEREUPON CAME
PATRICK GALLAGHER
WHO, HAVING BEEN FIRST DULY SWORN ACCORDING TO LAW, TESTIFIED
AS FOLLOWS:
MR. GALLAGHER: MY NAME IS PATRICT GALLAGHER AND
I1'M PRESIDENT OF THE WEST VIRGINIA MANUFACTURERS ASSOCIATION,
WVMA REPRESENTS A 250-MEMBER COMPANY. FOR YOUR INFORMATION, I

HAVE SEVERAL WRITTEN COMMENTS WHICH I'LL LEAVE WITH THE




COMMISSION UPCON CONCLUSION OF MY VERY BRIEF REMARKS.

THE WVMA REPRESENTS A BROAD CROSS-SECTION OF WEST
VIRGINIA'S INDUSTRIAL SECTOR. QUR COMMENTS ON THE PROPOSED
VOLATILE ORGANIC COMPOUND RULES ARE FULLY IN THE POSITION OF
THE ACTIVE AND SUPPORTIVE ROLE THAT THE WVMA HAS TAKEN
REGARDING THE ATTAINMENT OF AMBIENT AIR-QUALITY STANDARDS IN

WEST VIRGINIA.

FIRST OF ALL, THE WVMA BELIEVES THAT THERE IS A NEED
TO ELIMINATE AMBIGUITIES IN THE DEFINITION OF THE TERM
"VOLATILE ORGANIC COMPOUND". THE PROPOSED DEFINITION CREATES
A DEGREE OF UNCERTAINTY WHICH WAS NOT PRESENT UNDER THE FORMER
DEFINITION. WE BELIEVE YOU SHOULD RETAIN THE EXISTING
DEFINITION WHICH INCLUDES THE REQUIREMENT THAT AN ORGANIC
COMPOUND MUST EXHIBIT A VAPOR PRESSURE GREA{%Q THAN ONE-TENTH
MILLIMETER OF MERCURY AND THAT THE TERM BE MADE TQO INCLUDE
THAT OTHER ORGANIC COMPOUNDS WHICH EXHIBIT NEGLIGIBLE
PHOTOCHEMICAL REACTIVITY BY AN APPROVED TEST METHOD MAY BE
EXCLUDED FROM THE DEFINITION.

TWO. THE TERM "VAPOR CONTROL SYSTEM" SHOULD BE
MODIFIED TO éE CONSISTENT IN ALL SECTIONS OF THE REGULATION
AND TO REFLECT THE TECHNOLOGICAL IMPOSSIBILITY OF PREVENTING

100 PER CENT OF VOC EMISSIONS.




THREE. THE COMMISSION SHOULD NOT DELETE PROVISTIONS
WHICH PROVIDE OWNERS AND OPERATORS OF COVERED SOURCES A MEANS
FOR PETITIONING FOR EXEMPTIONS ON A CASE~BY-CASE BASIS.

FOUR. THE WVMA FURTHER BELIEVES THAT, WHEN AN
OWNER-OPERATOR DECREASES HIS EMISSIONS BELOW AN EXEMPTION
LEVEL, THEY SHOULD NOT CONTINUE TO BE REGULATED.
IMPLEMENTAITON OF THE PROPOSED RULE WOULD CAUSE THE COMMISSION
TO DIVERT ITS ALREADY LIMITED RESQURCES TO THE REGULATICN OF A
NUMBER OF SMALL SOURCES WHICH POSE LITTLE OR NO THREAT TO THE
AMBIENT CONCENTRATIONS.

FIVE. THE ASSOCIATION ALSO BELIEVES STORAGE TANKS
HAVING DOUBLE-SEAL INTERNAL FLOATING ROOFS SHOULD NOT BE
SUBJECTED TO THE SAME MAINTENANCE, INSPECTION, REPORTING AND
TESTING REQUIREMENTS AS THOSE HAVING SINGLE-SEAL INTERNAL
FLOATING ROOFS. WE URGE THE COMMISSION TO ADOPT RULES MORE
APPROPRIATE TO THESE TANKS SUCH AS THOSE IN SIMILAR FEDERAL
RULES.

SIX. WE REQUEST THE COMMISSION TO CONSIDER
CLARIFYING THE DEFINITION OF THE TERM "GASOLINE" TO EXCLUDE
LIGHTER GRADES OF PETROLEUM PRODUCTS SUCH AS DRY GAS,
PROPYLENE, AND BUTANES. VOC EMISSIONS FROM LOADING THESE
LIGHTER GRADES OF PETROLEUM PRODUCTS WOULD BE INSIGNIFICANT

COMPARED TO REGULAR GASOLINE.
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FINALLY, FOR SAFETY REASONS, WE BELIEVE SPILLED

GASOLINE AT BULK GASOLINE STORAGE TERMINALS SHOULD BE ALLOWED
70 BE FLUSHED INTO SEWER SYSTEMS CONTAINING OIL AND WATER
SEPARATORS. THE COMMISSION RECOGNIZES SUCH PRACTICES FOR
PETROLEUM REFINERIES.

THE WVMA APPRECIATES THE OPPORTUNITY TO COMMENT ON
THESE REGULATIONS. AS I NOTED EARLIER, I WILL LEAVE WITH EACH
OF YOU A MORE DETAILED WRITTEN COMMENT ON EACH OF THE ITEMS
PREVIOUSLY MENTIONED. THANK YOU.

MR. DOUGLASS: THANK YOU.

(WITNESS EXCUSED)

MR. DOUGLASS: DO WE HAVE ANYONE ELSE WHO WANTS

TO SPEAK TO THE COMMISSIONTY
(NO RESPONSE)

MR. FARLEY: JOHN, DC YOU THINK YOU NEED TO MAKE
ANY COMMENTS ABOUT REG 237

MR. JOHN BENEDICT: ~ YES.

MR. FARLEY: YOU MIGHT WANT TO MAKE ANOTHER
COMMENT OR TWO ABOUT THAT PARTICULAR REGULATION..

MR: JOHN BENEDICT: SHOULD I ATTEMPT 7O ADDRESS
SOME OF HIS CONCERNS?

MR. KOPELMAN: HE'S ASKING YOU IF YOU ALL WOULD

LIKE MAYBE A REBUTTAL TO THE CONCERNS FROM THE WEST VIRGINIA
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MANUFACTURERS ASSOCIATION?Y GO AHEAD.

MR. JOHN BENEDICT: I THINK WE'LL HAVE TC LOOK A

LITTLE CLOSER AT THE DEFINITION OF VOC., WE WENT BY WHAT

E.P.A., SUGGESTED ON VOC WHICH DOES EXCLUDE SOME OF THE THINGS
THAT WERE DISCUSSED. IT EXCLUDES METHANE, EXANE, METHYLENE
CHLORIDE, A LOT OF THE CFC COMPOUNDS. IT ALSO MENTIONS, AND
THIS IS ON PAGE FOUR OF THAT REG 21 WHICH —-- THESE DEFINITIONS
ARE CONSISTENT IN THE REGULATION. AND IT ALSC SAYS, "FOR THE
PURPOSE OF DETERMINING COMPLIANCE WITH EMISSION LIMITS, VOC'S
WILL BE MEASURED BY THE APPROVED TEST METHODS WHERE SUCH A
METHOD ALSO INADVERTENTLY MEASURES COMPOUNDS WITH NEGLIGIBLE
CHEMICAL REACTIVITY AND OTHER OPERATORS MAY EXCLUDE THESE
NEGLIGIBLE REACTIVE COMPOUNDS WHEN DETERMINING COMPLIANCE."
SO, I THINK THAT MAY ADDRESS SOME OF HIS CONCERNS.

AS FAR AS THE ALTERNATIVE CONTROL SYSTEM, E.P.A.; IN
ORDER TO MAKE -- PART OF ITS SIP REQUIREMENT, E.P.A. HAS TO
APPROVE ANYTHING THE COMMISSION APPROVES BEFORE THE
REGULATIONS BECOME SIP~-APPROVABLE. SOME OF E.P.A.'S COMMENTS
WERE THAT IT GAVE TOO MUCH DISCRETION TO THE COMMISSION TO
ALLOW A FACILITY TO HAVE AN ALTERNATIVE-CONTROLLED SYSTEM,
AND, ULTIMATELY, E.P.A. WOULD HAVE TO APPROVE WHATEVER THE
DECISION THE COMMISSION MADE ALLOWING SOMEBODY TO DO THAT. I

GUESS, IN OUR VIEW, AND LARRY MAY CORRECT ME, WE CAN ALWAYS

T M PR



12
ENTER INTO A CONSENT ORDER IF SOMEBODY WISHES NOT TO MEET

CERTAIN PROVISIONS OF THE REGULATION AND HAS AN ALTERNATIVE-
CONTROLLED PROGRAM. WE'VE DONE THAT REGULARLY. SO0,
BASICALLY, WE DID DELETE A LOT OF LANGUAGE WITHIN THE
REGULATION ALLOWING ALTERNATIVE-CONTROL SYSTEMS, BUT WE'VE
ALWAYS HAD THE OPTION OF A CONSENT ORDER. WE HAVE TO LOOK AT

THE DOUBLE-SEAL VERSUS --

MR. KOPELMAN: JOHN, CAN I INTERRUPT YOU THERE®
MR. JOHN BENEDICT: YES.
MR. KOPELMAN: IF WE DID A CONSENT ORDER, DOES

THAT HAVE TO BE SUBMITTED TO E.P.A. AS A SIP CHANGE?

MR. JOHN BENEDICT: YES.

MR. KOPELMAN: £ACH CHANGE WOULD HAVE TO BE
SUBMITTED?

MR. JOHN BENEDICT: YES. AT THE OUTSET WE HAVE

TO LOOK A LITTLE CLOSER INTO THE DOUBLE-SEAL VERSUS THE
SINGLE~SEAL ISSUE. GASOLINE, THE LIGHTER GRADES, AGAIN, WE
HAVE TO LOOK A LITTLE CLOSER. DISTILLED GAS, THAT'S SOMETHING
WE NEVER CONSIDERED, AND I DON'T KNOW HOW IMPORTANT OR
RELEVANT THAT IS, BUT WE WILL GET BACK TO THE COMMISSICN AND
ADDRESS THOSE QUESTIONS.

ONE OTHER REGULATION IS REG 23 WHICH COVERS THE

EMISSIONS OF VOC OR VOLATILE ORGANIC COMPOUND EMISSIONS FROM
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BULK GASOLINE TERMINALS. A TERMINAL IS CONSIDERED ANYTHING--

A TERMINAL THAT PRODUCES GREATER THATN 20,000 OR HAS A FLOW-
THROUGH OF 20,000 GALLONS PER DAY OF GASOLINE. BULK STORAGE
FACILITIES MAY BE LESS THAN THAT AND AT 3SOME POINT IN TIME WE
WILL BRING BEFORE THE COMMISSION REGULATIONS CONTROLLING BULK
STORAGE TANKS ALSO.

RECENT ANALYSIS OF THE FACILITIES IN THE AFFECTED
AREA ONLY SHOWS THIS WOULD AFFECT THE PENNZOIL FACILITY UP ELK
RIVER. BASICALLY, THIS REGULATION REQUIRES SOME TYPE OF VAPOR
RECOVERY SYSTEM ON THE LOADING OF GASOLINE FROM BULK-STORAGE
TANKS INTO TRUCKS. THE PENNZOIL FACILITY —— THIS REGULATION
WAS FIRST ADOPTED IN 1979, AT THAT TIME PENNZOIL ASKED FOR AN
EXEMPTION FROM THE COMMISSION, THEY CONTENDED THEY WERE GCING
TO SHUT DOWN THE ELK RIVER REFINERY AND, THUS, THEY WERE GOING
70O HAVE MUCH MORE REDUCTION IN VOC EMISSIONS AND, ESSENTIALLY,
THEY WERE ASKING FOR A TRADE-OFF —- DON'T LET US CONTROL OUR
FACILITY HERE AND WE'RE TRADING OFF THESE EMISSIONS BY
SHUTTING DOWN THE ELK RIVER REFINERY. SINCE THAT TIME WE'VE
HAD EXCEEDANCE OF THE OZONE STANDARD WITH THAT FACILITY UNDER
CONTROL.

THEY HAVE ONE LOADING RACK AND THEY HAVE THREE
POSITIONS. 1IN OTHER WORDS, THEY LOAD OUT THREE GRADES OF

GASOLINE THROUGH THAT LOADING RACK, LAST YEAR THEY LOADED A
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LITTLE OVER 18,000,000 GALLONS OF GASCLINE AT THE LOADING
RACK. MY CALCULATION OF THE LOSSES IS ROUGHLY 17,000 GALLONS
OF GASOLINE WAS LOST TO THE ATMOSPHERE LAST YEAR THROUGH THE
LOADING OF THAT 18,000,000 GALLONS OF GASOLINE. THEY CAN SAVE
A LITTLE OVER 16,000 GALLONS BY REPLACING —-- BY INSTALLING A
VAPOR RECOVERY SYSTEM WHICH COULD BE ANYWHERE FROM 90 TO 95
PER CENT EFFICIENCY.

PENNZOIL CONTENDS IN THEIR 1983 LETTER REQUESTING
THAT EXEMPTION THAT, TO RETROFIT THAT FACILITY, MAKE
MODIFICATIONS TO THE TRUCKS, IT WOULD COST THEM $750,000. OUR
REVIEW OF LITERATURE, E.P.A.'S LITERATURE, AND UPDATING THAT
TC 1880 DOLLARS, THESE GUIDANCE DOCUMENTS THAT RESULTED IN THE
DEVELOPMENT OF THESE REGULATIONS WERE 1879 VERSICONS, WE
ESTIMATE ROUGHLY ANYWHERE FROM $300,00C TO 3350,000 THAT IT
WOULD COST THEM TO RETROFIT THAT FACILITY. BUT, AGAIN, THEY
WOULD SAVE A LITTLE OVER 16,000 GALLONS A YEAR.

THE OTHER FACILITY THAT COULD BE AFFECTED IS THE
EXXON TERMINAL IN PARKERSBURG. AND MY UNDERSTANDING, FROM
DISCUSSIONS WITH A MR. LOWE IN HOUSTON, IS THAT THAT FACILITY
WILLL BE CLOSED. NOW, WHETHER IT WILL BE SOLD OR NOT, I'M NOT
SURE. IF IT iS SOLD, WE WOULD REQUIRE CONTROLS ON THAT

PARTICULAR FACILITY.
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MR. DOUGLASS: ANY QUESTIONS? ANY OTHER

COMMENTS?

MR. CLEVE BENEDICT: JOHN, I DON'T UNDERSTAND THE
SIGNIFICANCE OF ONE PART OF MR. GALLAGHER'S COMMENTS. WHAT IS
HE SUGGESTINGY THAT WE REMOVE THE TERMINOLOGY COMPOUND OF
CARBON HAVING A VAPOR PRESSURE GREATER THAN ONE-TENTH
MILLIMETERS OF MERCURYY THAT WE REMOVE THAT VAPORIZATION
TEST? OR MAYBE MR. GALLAGHER WOULD LIKE TO HAVE THAT
VAPORIZATION TEST REMAIN. I DON'T UNDERSTAND THE SIGNIFICANCE
OF THE DIFFERENCE.

MR. JOHN BENEDICT: TO BE HONEST, I DON'T KNOW
EITHER. I WOULD LIKE TO HEAR A LITTLE BIT MORE FROM HIM AND
WHAT HE HAD IN MIND. IN LOOKING AT OUR REGISTRATION FORMS,
OUR INVENTORY REGISTRATION FORMS, MOST FACILITIES, RECGOGNIZING
THEY ARE LOSING QUITE A BIT OF GASOLINE THROUGH THE STORAGE
TANKS OR LOADING OF GASOLINE, HAVE ALREADY GONE VOLUNTARILY TO
INTERNAL FLOATING ROOFS OR THEY'VE STORED IN WHAT THEY CALL
EXTERNAL FLOATING ROOFS.

GENERALLY, AS FAR AS WE'RE CONCERNED, THIS ONLY
APPLIES TO GASOLINE. MOST OF THE HEAVIER OILS, THE DIESEL
FUELS AND THAT SORT OF THING, FALL BELOW THE VAPOR PRESSURE
CUTOFF AND THERE'S VERY LITTLE VOLATILIZATION OF THOSE

COMPOUNDS INTO THE ATMOSPHERE. THEY HAVE SINCE ~- TERMINALS
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HAVE SWITCHED THEIR STORAGE OF DIESEL INTO THE FIXED-ROOF

" TANKS AND THEIR GASOLINE INTO THE FLOATING ROOFS OR EXTERNAL

B

FLOATING-ROOF TANKS TO SAVE THE LOSS OF GASOLINE. AND THAT
WAS DONE —— MOST OF THEM DID THAT LONG AGO.

MR. CLEVE BENEDICT: SO, IN YOUR VIEW, THIS
WORDING IS JUST AN UNNECESSARY REQUIREMENT THEN. THE
DEFINITION, IT DOESN'T MEET ANY PRACTICAL FIELD APPLICATION.

MR. JOHN BENEDICT: I WOULD LIKE TO GET WITH MR.
GALLAGHER AND SEE WHAT HIS CONCERNS ARE. THERE MAY BE
SOMETHING WE'RE UNAWARE OF. MOST PEOPLE KNOW MORE ABOUT THAT
INDUSTRY THAN WE DO.
\ I WILL MENTION THAT THERE ARE TWENTY-NINE CTG
/ PUBLICATIONS. CTG PUBLICATIONS ARE E.P.A. PUBLICATIONS THAT
ARE CONTROL TECHNIQUES GUIDANCE PUBLICATIONS, AND, GENERALLY,
THEY COVER A SPECIFIC TYPE OF SOURCE AND THEY LIST WHAT THE
COST WOULD BE TO CONTROL THOSE SOURCES AND THE VARIOUS OPTIONS
THAT WOULD BE USED TO CONTROL THOSE SOURCES. E.P.A. IS GOING
TO BE REQUIRING THIS AGENCY OR THIS COMMISSION TO IMPLEMENT
MOST OF THESE REGULATIONS IF WE HAVE THOSE SOURCES WITHIN THIS
STATE. SO WE WILL BE COMING BEFORE YOU A NUMBER OF TIMES AND
IT MAY BE AS MANY AS AN ADDITIONAL TWENTY-SIX CTG REGULATIONS.

MR. DOUGLASS: ALL RIGHT. I BELIEVE THAT

;'} CONCLUDES THE DISCUSSION ON THESE REGULATIONS.

T T T I I T e e e e h e - -




(WHEREUPCN, THE HEARING IN THE
ABOVE-ENTITLED MATTER WAS

CONCLUDED )
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STATE OF WEST VIRGINIA

COUNTY OF KANAWHA, TO-WIT:

I, SHIRLEY T. HANSON, BEING A MEMBER IN GOOD
STANDING OF AND HdLbiNG THE CERTIFICATE COF MEéIT AWARDED BY
THE NATIONAL STENOMASK VERBATIM REPORTERS ASSQCIATION, INC., A
NOTARY PUBLIC WITHIN AND FOR THE COUNTY AND STATE AFCRESAID,
DULY COMMISSIONED AND QUALIFIED, DO HEREBY CERTIFY THAT THE
FOREGOING IS, TO THE BEST OF MY SKILL AND ABILITY, A TRUE,
ACCURATE AND COMPLETE TRANSCRIPT OF ALL THE PROCEEDINGS HAD AS
SET FORTH IN THE CAPTION HEREOF DURING SAID PUBLIC HEARING.

GIVEN UNDER MY HAND THIS Li?gi‘ CAY OF

Cune J , 1990,
.

Lheplef T fhnaon

SHIRLEY T. HANSON, CVR-CM

MY COMMISSION EXPIRES JULY 5, 19899.




DEPARTMENT OF COMMERCE,
LABOR & ENVIRONMENTAL RESOURCES

OFFICE OF THE SECRETARY

April 2, 1990

Mr. Dale Farley

Secretary

West Virginia Air Pollution
Control Commission

1558 Washington Street, East

Charleston, WV 25311

Dear Mr., Farley:

Pursuant to the workplen that I previously filed with U. S, EPA
- Region III to address nonattainment of the National Ambient Air Quality
Standard for ozone, I hereby authorize the Air Pollution Control Commission
to proceed with hearings and to propese amendments to the following
legislative rules:

Regulation 21 {(45CSR21) ~ "To Prevent and Control Air Pollution
From the Emission of Volatile Organic Compounds From the Storage of
Petroleum Liquids in Fixed Roof Tanks"

Regulation 23 (45CSR23) - "To Prevent and Control Air Pollution
Frem the Emission of Volatile Organic Compounds From Bulk Gasoline
Terminals"

Regulation 24 (45CSR24) - "To Prevent and Control Air Pollution
From the Emission of Volatile Organic Compounds From Petroleum Refinery
Sources™.

Sincerely yours

l.donard A. 5%3}

Secretary

LAH/tlm

State Capitol Charleston, West Virginia 25305 T " ?-_3:(")2‘1"}5'3’58-3255




" ““’"e UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
A "g REGION 1!

841 Chestnut Building
Philadelphia, Pennsylvania 18107

Mr. G. Dale Farley, Director
West Virginia Air éollutlon Control &“JL 6 1990
Commission

1553 Washington Street, East
Charleston, West Virginia 25312

Dear Mr. Farley:

As requested in your letter of June 19, 1990, we have reviewed
West Virginia's second draft of the volatile organic compound (VoC)
regulatery corrections. We have also reviewed the public hearing
comments submitted by the West Virginia Manufacturers Association
(WVMA) . Our comments on both decuments follow:

FIXED ROOF TANKS

§45-21-1 GENERAL
1.1 WVAPCC has resolved this issue, by incorporating EPA's
comment, clarifying the applicability of this sub-

section.

1.4 WVAPCC has indicated that this regulation will becone
effective, upon approval of the Commissien.

§45-21-3 DEFINITIONS
3.2 The definition of Y“approved!" is acceptable to EPA.
3.3 This definition should be amended to read, "Commission

means the West Virginia Air Pollutien Control Commission,
and, where applicable, the U.S. EPA (see §45-21-12)."

3.10 This definition should be amended toc read, " Director
means the director of the West Virginia Air Pollution
Control Commission, and, where applicable, the U.S. EPA
(see §45-21-12).

3.25 The definition of VOC is acceptable, since the definition
of approved has been amended.

3.26 The definition of "vapor control system" is acceptable.




§45-21-4 CONTROL AND PROHIBITION OF EMISSIONS

4.1b) West Virginia Air Pollution Control Commission (WV
APCC) has amended this sub-section to read, YThe
source has been equipped with an approved vapor

control system capable of achieving 85% emissions
reduction." Therefore the issue has been resolved.

4.2b) (2) WV APCC added the word "support" following roof
legs, keeping the sub-section consistent with the
entire regulation. This issue has been resolved.

§45-21-7 INSPECTION, REPORTS, AND TESTING

7.1a) EPA recommends that this sub-~section read,
"routine visual inspections are conducted through
roof hatches once per month; and,". However, the
current draft language in this sub-section is
acceptable to EPA.

7.1b) Please note this language was I1nadvertently
incorrect in the EPA comments on the first draft.
This sub-section should read, " a conmnplete
inspection of cover and seal is conducted,once per
year, or whenever the tank 1is emptied for
nonoperational reascons;

7.1b) (2) This sub-section should be deleted, since the above
language will address inspection requirements.

§45~-21-8 COMPLIANCE PROGRAMS

This section should be amended to read, "For sources
previously not subject to the requirements of 45CSR21 (1979)
or, for sources that previously complied with the requirements
of 45C8R21 (1979), but as a result of amendments to this
regulation (18921) are required to make major process changes
and/or major capital expenditures, as determined by the
commission, an acceptable program to comply with this
regulation shall be developed and submitted to the commission
by the owner and/or operator of such scurce within sixty (60)
days of the effective date of this regulation. The program

shall include the dates for ordering, receiving,
installations, and start-up of necessary equipment. All such
programs shall be approved by the commission. No such

compliance program shall exceed one (1) year from the
effective date of this regulation unless the owner and/or
operator can demonstrate to the commission that compliance
within such time 1limit is technically or economically
infeasible. If the owner and/or operator can make such a
demonstration the commission wma issue an order for




additional time for compliance up to three (3) years from the
effective date of this regulation., All such orders shall be
issued only after notice to the public. All such orders shall
contain a schedule and timetable for compliance, including
increments of progress which will require compliance with the
applicable requirements as expeditiously as practicable, and
shall further recquire that the source comply with all the
requirements of these regulations insocfar as the source is

able to do so. All such orders shall further require the
source to_include such measures as the commission determines

are hecessary to aveoid an imminent and substantial
endangerment to the public health. In the case of any major

stationary source, neo such order issued by the commission
shall take effect until +the 2Administrator of U.S. _EPA

determines that such order was issued in accordance with these
requirements, or within the applicable provisions of the
federal Clean Air Act. In the case of any scurce other than
a wajor stationary source, any such order issued by the
commission shall cease to be effective upcon a determination

by the Administrator of U.S. EPA that it was not issued in
accordance with these requirements or with the applicable

provisicns of the federal Clean Aix Act."

§45-21-11 INCONSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.

§45-21-12 ENFORCEABILITY

This section should be amended tc read, "For the purpose of
federal enforceability of the provisions of this regulation,
references to the commission and/or director, where applicable,

shall also include the recquirement that the Administrator of the
U.S. EPA shall also approve the decisions of the commission and/or

director."

BULK GASCLINE TERMINALS
§45-23-1 GENERAL

1.4 Refer to comment under §45-21-1, 1.4.

§45-23-3 DEFINITION
3.2. See comments under §45-21-3, 3.2.

3.4 BSee comments under §45-21-3, 3.3.




§45-23~4

See

The

Sae

Seea

comments under §45-21-3, 3.10.
definition of '"gasoline" is acceptable.
cemments under §45-21-3, 3.26

comments under §45-21-3, 3.25.

CONTROL AND PREVENTION OF EMISSIONS

4,2(a) (1) Issue resolved, since the WVAPCC has amended this

§45-23~7

7.3

7.3

§45-23-8

sub-section to require 290 rpercent emisszions
reduction.

REPORTS, AND TESTING

(a)

(b

(e)

Issue resolved, since the definition of approved has
been amendsd.

There is a typographical error in this sub-section.
The second sentence should read, "..,. organic
compound emissions from their point of origination
to the contrel equipment...?”

Issue resolved, since the definition of approved has
been amended.

COMPLIANCE PROGRAMS

See comments under §45-21-8.

§45~-23~11 INCONSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.

§45-23~12 ENFORCEABILITY
See comments under §45-21-12.




PETROLEUM REFINERY SCURCES

§45-24-1 GENERAL

1.4 See

comments

§45-24-3 DEFINITION

3.3 Bee

3.4 See

3.10 See

3.26 See

3.27 See

comments

comments

comments

comments

conmments

under

under
undexr
under
under

under

§45-21-~1.

§45-21-3, 3.2.
§45-21-3, 3.3.
§45-21-3, 3.10.
§45-21-3, 3.26.

§45-21-3, 3.25.

§45~24—-4 CONTROL AND PREVENTION OF EMISSIONS

4.2(a)

4.3 (b)

Issue resolved, since WVAPCC has amended this sub-
section to reflect EPA's comment.

Issue resolved, since WVAPCC has amended this sub-
section to reflect EPA's comment.

§45-24-7 REPORTS, AND TESTING

7.1 Issue resclved, since the definition of approved has been
amended. ’

§45-24-8 COMPLIANCE PROGRAMS

See comments under §45-21-8.

§45-24-10 INCONSISTENCY BETWEEN REGULATIONS

EPA cannot approve this section, and recommends that this
section be deleted.

§45=24-11 ENFORCEABILITY
See comments under §45-21-12.




EPA'S RESPONSE TO WVMA COMMENTS

WVMA COMMENT:

The Commission must eliminate ambiguities in the definition
of the term “"volatile organic compound" under sections 45-21-3.25,
45-23-3.20, and 45-24-3.27.

EPA'S RESPONSE:

West Virginia Manufacturers Assocociation (WVMA) proposed
definition of volatile organic compound (VOC) is inconsistent with
EPA policy. References to vapor pressure cut-offs, i.e. 0.1 mm Hg
must be excluded from the definition. Refer to enclesure 1 for
further information.

WVMA COMMENT:
The Silicones Health Council proposed definition of volatile
organic compound should be considered.

EPA'S RESPONSE:

WVMA's proposed definition of VOC as stated by the Silicones
Health Council would be acceptable if sub-section 1ii were
excluded. )

WVvMaA COMMENT:

The term "vapor control system" should be defined consistently
in sections 45-21~3.16, 45-23-3.19 and 485-24-3.26, and should be
modified to reflect the technological 1mp0551b111ty of preventing
100% of VOC emissions.

EPA'5 RESPONSE:
The definition of vapor control system (VCS) is acceptable to
EPA. .

WVMA COMMENT:

The Commission should not delete provisions presently
contained in sections 45-21-4.4, 45-23-4.4 AND 45-24-4.4 which
provide for petitions by owners and operators of covered sources
for the granting of exemptions on a case-by-case basis.

EPA'S RESPONSE:

EPA canhot generically approve any alternative control system
into a State regulation which is not explicitly described in the
regulation. .

Before inclusiocn of this section into West Virginia's SIP,
West Virginia must clearly specify that any such alternatlve
compliance plans must be submitted +to EPA for approval.
Alternatively, West Virginia may delete this provision from its
regulations. Deletion of the provision does not prohibit any

&




source from soliciting approval for alternative compliance plaris.

WVvMA COMMENT: ’ -

The propeosed provisions of section 45-21-4.4, 45-23-4.4 and
45-24-4.4 requiring that, once regulated, a source remains subject
to VOC rules despite later falling within an exemption level,
should be eliminated.

EPA'S RESPONSE:

EPA policy requires all sources which now exceed or ever
exceed the exemption level, to be subject to the applicabkle
regulation from that time forward. Refer to enclosure 2 which is
an excerpt from Appendix D of the November 24, 1987 Federal

Register notice.

WVMA COMMENT:

Storage tanks with double seal internal floating roofs should
not be subjected to the same requirements as storage tanks with
single seal internal floating roofs.

EPA'S RESPONSE:

The Federal regulations cited by the WVMA regarding single
seals verses double seals reflect the New Source Performance
Standards (NSPS) for Volatile Organic Ligquids Storage Vessels
{Including Petroleum Liquid Storage Vessels) for which
Construction, or Modification Commenced after July 23, 1984 and
Storage Vessels for Petroleum Liquids for which Construction,
Reconstruction, or Modification, Commended After June 11, 1973, and
Prior to May 19, 1978. West Virginia's proposed regulations are
being developed to provide for implementation of reascnably
available controel technology (RACT) for these source categories as
required by the Clean Air Act. RACT requirements are established
to ensure continued progress towards attainment of an ambient based
air quality standard (in this case ozone). NSPS requirements are
in many cases less stringent than RACT standards. In order for the
Fixed Roof Petroleum Tanks to be controlled to RACT levels, WVAPCC
proposed regulations must be consistent with the Control Technique
Guideline for this source category.

WVMA COMMENT:

The definition of the term "gasoline” under the proposed rule
for bulk gasoline terminals should be clarified to exclude lighter
grades of petroleum precducts such as dry gas, propylene, and
butanes.




EPA'S RESPONSE:
The definition of Ygascline' is acceptable to EPA.

wvMA COMMENT:

The proposed rule concerning bulk gaseoline terminals should
be clarified to allow the discharge of gasoline into sewers
containing oil/water separators.

EPA'S RESPONSE:
EPA guidelines require this prohibition, in order for this
proposed regulation to be approved by EPA as a SIP revision.

We appreciate the opportunity toc review and comment on these
draft regulations. As required by our SIP call of November 1589,
and EPA's efforts to "level the playving fieldV, these comments
reflect the necessary changes that need to be made in order to make
these VOC regulations federally approvakle. Should you have any
questions regarding our comments, please feel free to call me at
(215) B597-9075 or your staff may contact Ms. Jacqueline Lewis at
{215) 597-6863.

Slncerely

///%/

rc1a L. Spink, Chietf
tﬂ/Programs Branch

Enclosures
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NITED STATES ENVIRONMENTAL PROTECTION AGENCY
Office of Air Quality Planning and Standards
Research Triangle Park, Norts Carolina 27711

MEMORANDUM
SUBJECT: Definition of VOC

FROM: 6. T. Helms, Chief 4#*
Control Programs. Operations Branch (MD-15)

TO: Chief, Air Branch, Regions I-X

t

Attached is 2 copy of a letter addressed to the State of Illineis
Environmental Protection Agency, dated February 27, 1987, concerning the
definition of “volatile organic compounds {VOC).

As stated in the letter, "No VOC rules will be approved by USEPA
uniess YOC is substantively defined as ail organic compounds except thcse
that USEPA has listed as negl1g1b1y photochem1ca11y reactive in 1ts
Federal Register not1ces This is USEPA's current policy.

In 1ight of the post-1987 ozone poiicy and in order to ensure national
consistency in the definition of YOC, State regulations with definitions
that include a vapor pressure cutoff such as 0.1 mm Hg or 0,0019 PSIA
that effectively exempts some photochemically reactive compounds from
control must be reyisited and revised as necessary.

The definition of VOC as cited in the letter or the definition cited
in 40 CFR 60, Subpart A, 60.2, would be approved by USEPA; however, the -
recommended definition for VOC is as follows:

Yolatile Organic Compound (VOC) - Any organic compound which
participates in atmospheric photochemical reactions; that is, any
organic compound other than those which the Administrator designales

as having negiigible photochemical reactivity. VOC may be measured

by a reference method, an eguivaient methoed, an alternative method

or by procedures specified under 40 CFR Part 60, A reference method,
an equivalent method, or an alternative method, however, may also
measure nonreactive organic compounds, In such cases, an owner or
cperator may exclude the nonreactive organic cempounds when determining
compiiance with 2 standard,

RECEIVED

APR 22 1987

ENFORCEMENT CaSt
pam TR




Should you have any gquestions, please contact me (FTS 629-5526) ,

Attachment

cc:

Ron Campbel

Gerald Emison

Jack Farmer

John Rasnic

B. J. Stefgerwald

Peter Wyckoff

VOC Regulatory Contact, Regfons I-X
VOC Enforcement Contact, Regions I-X




ENCLCSURE 2

-2
CTG RACT REGULATION CUTOQFFS/ZXEMPTIONS

° Recommended cutoffs contained in CTG's, model regulations, or EPA
policy memorandums (See Attachment 1)

r additional CTG c¢ategeries size cutoffs, see SELECTED COATINGS
G CATEGORY RECOMMENDED EXEMPTION LEVEL, page 16,

c
i

° Calculating regulation size cutoffs for CTG sources

°® Base tpy cuteff on thecretical potential to emit (design capacity
[or maximum production] and 8760 hr/yr) before add-on controls.
Care should be taken to make enforceable any regulations specified
on an "actual" emissions basis.

°® Cutoff total determined from the sum of individual emissicn
sources within same CTG category (Exception: petroisum
marketing--storage tanks, terminals and Joading racks must
be combined)

°® Apply RALT if plantwide emissions > cutoff Timit

% If caught with emissions > cutoff 1imit in the Ffuture, then
State must apply RACT ("once in, always in")

°® (TG area sources have no cutoff (e.g., cold cleaner degreasers
and tank trucks)

° SIP ¢call requires States to assess their existing VOC regulations and
address cutoffs in EPA guidance. Exemptions can be granted only by
way of the 5% rule {see Attachment 2}

° In cases where past guidance recommends high cutoeff (e.g., 100 tpy),
SIP ¢all should also recommend that State investigate small exemption
levels to prepare for additional emission reductions under full response
to SIP call




REVIEW OF THE UC2 PROTUCUL FUR DETERMINATION CF OH
RATE CONSTANTS WITH VOCS AND ITS APPLICABILITY TO PREDICT
PHUTUCHEMICAL OZUNE PRUDUCTION

by

Joseph J. Bufalini
Robert R, Arnts

Atmospheric Sciences Research Laboratory
U.5. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

ATMOSPHERIC SCIENCES RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
RESEARCH TRIANGLE PARK, NORTH CAROLINA 27711




NOTICE

The information in this dogument has been fundsd by
the United States Environmental Protection Agency.
It has been subject to the Agency's peer and admin-
istrative review, and it has been approved for
publication as an EPA document. Mention of trade
names or commercial products does not constitute
endorsement or recommendation for use.




ABSTRACT

The experimental protocol for determining the rate constants for
reactions of hydroxyl radicals (OH) with volatile organic chemicals (VOCs)
as developed by the University of Ca]ifornia-Riverside group is evaijuated,
Limits of detection and precision are discussed. This protocol is to be
used as a measure of the ozone forming potential of a VOC; a compound
with a high OH rate constant also very often produces high levels of
ozone. Adaptations of the protocol for compounds containing halogen
atoms are suggasted. The protocol may not be applicable for compounds
that do not produce RO, and HO2 radicals such as carbon disulfide. Also,
compounds that are free radical scavengers such as phenol, benzaldehyde
and amines may not give high levels of oczone even though they may have a
high rate of reaction with OH radica1§. The long chained paraffins also
present problems with the protocol since the ROp radicals produced after
reacting with OH radicals in air do not oxidize KO to NO2 but instead
combine with the NO to form nitrates. When this occurs, it is recommended
that the protocol be complemented with smog chamber experiments in order

to establish the reactivities of VOCs.
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A Review of UCR Protocol for Determination of OH Rate
Constants with VOCs and Its Applicability to Predict

Introduction

Photochemical Qzone Production

An experimental protocol for determining the rate constants for the

reactions of hydroxyl radicals {OH) with volatile organic chemicals (VOCs)

nas been recently developed by the University of baIifornia-Riversjde (1).

This protocol provides a basis for determining the photochemical reactivity

of organics in the atmosphere since it has been shown that the rate of

reaction of an organic with OH radicals could be used as a measure of an

organic compound's ability to produce ozone under polluted stagnant

conditions (2).

The reason for this is that the rate of reaction of an

organic compound with OH radicals is normally the rate determining step.

This is demonstratad in the following sequence of reactions:

(1) RH+OH & Hy0 + R
(2) R*+0, =+ RO,
(3) RO, + N0 =+ RO* + NO,
(4) NOZ + Ry > 0+ NO

. M
(55 0+0y » 03

Reactions (2) thru (8) are very fast and under sunlight conditions the rate

at which ozone is produced (reactﬁop (5)) is dependent primarily upon

reaction (1).

quickly.

reactions shown above,

If reaction (1) is very fast, then ozone will also be produced

However, not all organic compounds will undergo the sequence of

Therefore, not all organics will produce ozaone

since its formation is dependent upon the free radical chain process shown
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above. Also, some organics produce free radical scavengers which will
interrupt the chain and the compound wii: produce little or no ozone,

The protocel is based upon simultaneously monitoring the disappearance
rates of 2 test compound (T) 2 2 reference _owpound (R} whaose Od r;actiuu
rate cﬁnstant is already known,

kg
(6) T+ 0OH - products

k7
{7) R+ 090H =+ products

k
{8). T+ hv E products

Ky
(9) T +walls =+ Tloss to walls
whare the loss of T is definad by

I. d(T) =kg (OH) (T) + k' (T

dt

and the loss of R is defined by
“11. d{R) =k7 {OH) (R)
dt

where kg and k7 are the OH rate constants for the test4compound T and
reference comﬁound R respectively. The k’ = {kp + Ky) is the first order'
photodissociation constant and/or wall loss of the test compound. The
integration and combination of the I and II results in:
1 To: & 1 R
-~ 1In = . 1 + k!
1. et T: r? Tt R

Hence a piot of (t-to)'l in (Toth) versus (t-to)"1 In (Ry/R¢) yields a




straight line with a slope of Kg/k7 and an intercept of k'. The rate
constant of the test compound, kg, is equal to tne slope X k7. If k' =0
then Atkinson et al. (3) recommend evaluating kg by eliminating the time

dependence from III which reduces to:

V. T

! In Ti' = %?— 1n %ﬁ

and again solving for kg by calculating the product of the slope and kvy.
They note that use of regression analysis with equation III to solve for
the slope (kg/k7) and the intercept (k') places the most weight on those
data points coliected in the eariiest part of the irradiation where the
least amount of test compound has reacted. The%r results and those of
Edney et al. (4) using the same technique produced better regression
coefficients with Equation IV than those using Equation III.

The experimental details can be found elsewhere {1}. However we
will summarize the basic procedures. Equation IIT (or IV) requires that
the loss of reference compound and test compound be measured in the
presence of OH as a function of time. The reference compound should be
chosen with the‘fbl]owing criteria: (1) should have an accurately known
room ﬁémperatu}ég}ate constant which is approximately equail to the
anticipated rate of the test'compound; (2) -should not photolyze {at wave-
lengths > 290 nm) or air oxidize; (3) should be sufficiently volatile to
remain in the gas phase and not be adsorbed on the wa1ls§ {4) be accurately
measured by an available analytical technique; and (5) not reacf with the
test compoﬁnd, ozone, nitrogen dioxide, nitric acid, and nitrate radical.
(Reac£ions with 03 and NO3 can be prevented and are discussed below.)

Similar]y-the test compound must satiéfy ¢ertain c¢riteria in order

to be a candidate for this protocol: (1) An accurate analytical method must




be available for making repeated measurements over a two hour period, and
{2) the éates of loss by photolysis and wall losses are not much higher
than the less due to OF reaction [(kgu-1) (OH) > Kphotolysis]. NOTE:
for compounds | i¢n have a very high ci-iniysis rate »n alternate o oce-
dure for generation of OH in the dark 1s available (5).

The OH is generated by the photolysis of methyl nitrite in the
presence of excass niiric oxide:

{10) CHa0NO + hv » CH30 + NO

{11) CH30 + 0p > HCHO + HO»

(12) HO2 + NO > NOp + OH
The nitric oxide is added in excess in order to drive reaction (12) to
completion and to prevent ozone formation since the N0z produced from
reaction (12} will also photodissociate.

(13) NO2 + hv > NO+Q

M
(14) 0+0p » O3

(15) 03+ N0 -+ N0z + O3
The NO also prevents NO3 formation which can in some cases react with the
test ;ompound. B i 7 |
Exparimentally, a 100 liter light shielded Teflon bag is charged
with 2 ppm each of test and reference compound, S ppm of nitric oxide and
10-15 ppm of methyl nitrite in zero air. The bag {two simultanecusiy in
our experiments) is placed in the irradfation chamber. Before the bag
cover is removed and the lamps switched on the reference and tast compound
are monitored for up to one hour. This is used to establish analytical
preciéion and evaluate possible ﬁa}l losses {ky). The irradiation is
then begun and the reference aﬁdutest coﬁpoﬁnds monitored for up to one
hour of irradiation. Pitts et al. recommend increasing the ratio of
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reference to test compound when the test compound is halogenated (1).
They have found that the halogen may be released after OH attack and
subsequently contribute competing non-0OH removal processes. This gave

a rate constant for the test compound that varied with different concen-
trations of reference aﬁd test compounds. By increasing the ratio of
reference to test, the reference organic will scavenge the free halogen
and the rate constanf measured will reach a stable value. '

In this report we will examine whether the UCR protocol is a valid
technique for measuring OH rate constants,_what precautions must be
exercised to produce valid results, and the influence of error propagation
on the rate constant and its application to compounds to which the protocol
may not be applicable.

Comparability of OH Protocol to Other Methods

Since its development the University of California-Riverside (UCR)
group has used this protocol fo measure OH rate constants for a number of
. volatile and semi-volatile organics for which absolute rate constants
have been reported. Comparison of UCR results with rates determined by
absolute rate methods at room témperéture and atmospheric pressure shows
they produce equivalent results withiﬁ-their respective experimental
errors (3, 6~9). The compounds tested represen; a wide rangé of
characteristics. They include alkanes, mon; and di-alkenes, aromatics,
chiorinated aromatics, alkynes, and a few miscellaneous chlorinated
compounds (trichloroethylene, allyl chloride, benzyl chloride, and
vinylidene chloride) (10)}. 1In addition we have recently determined the
OH rate constant for five compounds: acetylene, 1,2-dichlgroethane, 1,2~
dibromoethane, p-dichlorobenzene, and carbon disulfide. The detailed

results of that stﬁdy are reported elsewhere (11). These compounds wereg
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studied primarily because EPA's Qffice of Air Quality Planning and Stan-
dards (0AQPS) needs to know if thay are more, less, o ¢f equivglent
reactivity with OH compared to ethane. Ethane is being proposed by DAQPS
S Dae A iwiny cfecence compaund bulacse il aactiviey, -t o lentra-
tions normally found in the atmosphere, is not sufficient to produce ozone
above .the National Ambient Air Quality Standard (NAAQS). Modeling and smog
chamber experiments have shown that ethane under usually observed ambient
levels cannot produce enough ozone to exceed the standard even upon pro-,
longed irradiations that may be eacountered during multi-day stagnant
conditions. Compounds of equivélent or less reactivity than ethane are
not subject to reguliation for control of photochemical ozone. All of
these compounds have reported OH rate constants cliose to that of ethane.
We found that acetylene, carbon disulfide, and p-dichTorqbenzene have
faster rates than ethane. Ethylene dichloride and ethylene dibromide

were found to have rates which are statistically indistinguishablie from
ethane. The sixth compound studied, nitrobenzene, was not amenable to
determination by tha UCR protocol. The reasons for this were that the
rate constant was low and:the precisfsn ofrthe mea;urements wére not

very good. Its rate was less than 1.2 X 10713 em® molec! s-1. The rate
we determined for acetylene (7.8 + 21%) X 10-13 cm® molec-! s-1 is in
excellent agreement with the recently recommended rate of (7.8 + 25%) X
10-13 cm3 molec~! s-1 at atmospheric pressure and room temperature {12)}.

" The rates we determined for ethylene dichioride and ethylene dibromide

are (2.8 + 21%) X 10-13 cm3 molec-} s-1 and (2.4 + 20%) X 10-13 cmd molec™!
s~1, Atkinson {12) found only one report of these rate constants. They
are {2.20 + 27%) X 10-13 cm3 molec-! s-1 and (2.50 + 22%) X 10-13 cmd

-

motec™? s=! far CHoCICHLC1 and CHoBrCHoBr respectively (12). The rate -
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determined for p-dichlorobenzene was (4.3 +20%) X 10-13 ¢m3 molec! s-1
which compares favorably with the single reporteq value of (3.2 + 6%) X

- 10-13 ¢m3 molec-1 s-7 (12). The rate constant obtained for carbon
disuifide is (29_: 218 Jl2_10‘13 cm3 mo]ec“ s-1. This is in good agree-
ment with recently reported room temperature atmospheric pressure (in the
presence of oxygen) rate constants of (27 +22%) X 10-13 cm3 molec-! s-!
and (20 + 50%) X 10-13 3 molec1 s-1 (13-14).

In summary, it 2ppears that the UCR protbcol can be used to generate
room temperature OH rate constants for a wide range of ccmpounds. The
results obtained in general produce results eguivalent to those obtained
by absolute methods (such as flash photolysis - resonance fluorescence
.and discharge flow-laser magnetic resonance)}. The method has been used by
five different laboratories (University of California, Riverside (UCR),
Atmospheric Sciences Research Laboratory (ASRL}, Northrop Services Incor-
" porated (NSI), Research Triangdle Institute (RTI), and University of
North Carolina {UNC) with good success and therefore does not appear to
be a difficult technique to usa.

As a résult of the application of the UCR protocol in the studies
mentioneﬁ abdve, we will present some additional recommendations for the
use of this protocol and re-emphasize some important.poipts.statéd in the
original protocol.

Limit of Detection of the OH Rate Constant and Precision

As mentioned earfier UCR recommends using equation IV (the time
excluded method) for calculating the OH rate constant when possible (if
| it can be demonstrated by using equation III that photolysis and wall
reactions are not important). In such cases UCR, NSI, RTI, and UNC

obtained better regression coefficients using equatjon IV (4). We cbtained
7




batter correlations using equation IlI with those compounds for which
photolysis and wali loss was unimportaqt {acetyisne, ethylene dibromide,
athylene dichloride, and the 16:1 ethane/p-dichlorobenzene irradiations).
cigures 1 apd 2o show thoe dacu 7 oue anetyiaue iri.uisticon pilcicrd Ly
both equation [11 and IV respectively. The respective correlation
coafficients are 0.960 and 0.830, Figure 3 illustrates the estimated OH
concentration-time profile for fﬁis experiment. As can be seen the OH is
decreasing exponentially with time; This also means that the test and
reference organics are likewise exhibiting the most rapid decrease early
in the irradiation. Thus, it is ¢ritical for calculating by equation III
that samples withdrawn from the reaction vessel (bag) for analysis be
accurately assigned their proper time (from the start of the irradiation).
Qur gas chromatographic analytical system was automatically controlled to
withdraw samples from the bags and inject at 3 minute intervals (+ 1 S).
The UCR, NSI, RTI, and UNC experimental apparatus ao not appear to be as
pracisely controlled. Most withdrew samples manualily for analysis.
Under such conditions it is difficult to achieve accurate measurements
early in the irradiation where the concentrations are changing most
rapidly. Thus, their use of the time exﬁ1uded calculation (equation IV)
obviates the need to know the irradiation time associated with a‘given
analyses, Therafore, we recommend that data collected using the UCR
protocol bg analyzed by both equation III and IV (where applicable) to
determine best fit.

Thé UCR protocol states that the procedure can be used to determine
OH rates greatar than 3 X 10-13 cm3 moiec-1 s=1. This 1imit is defined
by the analytical precision of the method used to measure the test and

reference compounds. If the protocol is applied to a test compound for
8




which no statistically significant loss is measured over the irradiation
period, an upper limit for the rate constant can be calculated based on
the loss of the reference compound and the analytical precision of the
test compound. An example of this is our experiments with nitrobenzene.
Our analytical precision for nitrobenzene and ethane was 1:2.0% and +
0.39% respectively. Over a 70 minute irradiation we observed 2.66% loss
of ethane but no significant loss of nitrobenzene. If one assumes that a
decrease in concentration of nitrobenzene equivalent to 3 times the
analytical precision would be recognized as a significant loss, then an .
upper limit for the rate can be calculated from eguation III.

1 2 ppm o _ 1 kg 2 ppm
70min. " T ppm-(0.0286V(2 ppm) - 70 k7 In 7 9pm=(3 X 0.02)(2 ppm)

Solving for kg where ky = 2.74 X 10713 em3 motec~! s=1 an upper Timit of
1.2 X 10-13 cm3 molec-1 s-1 fs obtained. The only reported rate for
nitrobenzene is 1.3 X 10713 cm3 molec-l s-1 (12). |

Error analysis is not addressed in the UCR protocol. Some discussion
is warranted since the primary use of this procedure is to determine
whether a givgh VOC is sufficieﬁtly reactive to be considered for emission
control. Thus, the question may be ésked: Is compound A more reactive
than compound B or vice versa? If compound A and B are reacted éogéther
using the UCR protocol, then the quesiion can be answared by the deter-
mination of the slope as defined by equations IIIl or IV. Regression
analysis can be used to determine the ratio ka_gH/Kg-gH along with a
statistical measure of its random variation i.e. standard error. Thus, if
the error bar (standard error, 95% confidence interval, etc.) does'not
include 1.0 then compound A can be significantly ranked faster or slower

than B. If the error bar includes 1.0 then they must be classified
9




equivalent. This procedure can be very accurate since the selected
reference compound may be a benchmark compound such &3 ethane which
defines a classification point. The method is not subject to concentra-
vion calidration 3. ers since absolute conwentratiun: e neg v2quired;
only relative loss »f compounds are measured. Determination Gflabso1ute
concentrations, either OH or reactant, is usually the largest source of
systematic error in absolute rate determination methods i.,e. flash
photolysis~resonance fluorescence.

If the protocol is used to calculate an absolute rate constant, then
the error of the refereance compound rate constant must be included. In
general the error of the reference compound rate constant will contribute
most to overall estimated error. The overall }ate of kg and its relative

standard deviation (rsd} is calculated by:

ks = (k) (sTope) = Lirsd) + (rsd)Pygped /2

Thus, if a precisely defined rate for kg is needed, the reference compound
selected must have a rate with a commensurate small error bar.

Special precautions for halogenated organics

Our last recommendation concerns the application of the protocol to
ha1ogen$ted compounds} Pitts et al. (1) caution that usejof the protocol
with halogenated compounds may result in the release of halogen étoms
from the molecule after attack by OH. Free halogen can then attack the
reference and/or the test compound causing non-0H loss of either or both
compounds. Preferential attack of either may cause the pliots of equation
II1 to become non-linear as the irradiation progresses. If the free
halogen attacks both test and reference compounds indiscriminately, then

no apparent effect may be seen in plots of equation III, However, if the
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ratio of reference to test compound is increased from l:1 to where the
reference is in excess (if.e. 16:1) then the free halogen will preferentially
react with the reference. This has the dual effect of (1) scavenging the
free halogen from reacting with the test compound and (2) inhreasing the
reference to free halogen ratio such that the loss of reference due to
halogen attack is negligiblie compared to loss due to OH attack. NSI has
studied a group of chlorinated compounds using the UCR protocol and has
developed 2 procedure to extract a chlorine corrected OH rate constant
(10}. The procedure reqﬁires that irradiations be conducted over a range
of reference to test compound ratios such that the ratic reflects a high
excess of reference to test compound. The data is plotted by setting y =

In {[R1g/[R1¢)/in (LT1o/LTle) and x = [T]y/[R1y where

V. 12 5[R]§5[R]§) _ o« %%%g + 'Eé
and « is the branching ratio,-the halogen (X) rgleased resulting from OH
attack on the test compound.

(16) OH + T -> products + ¢ X
The slope then is equal to « and the intercept is eﬁua] to k7/kg..
"This method was used to evaluate our data for 1,2-dichloroethane, 1,2-
dibromoethane, and p-dichiorobenzene. The branching ratios obtained along
with their associated 95% confidence intervals are: (1) ethylene dichloride
a= 0.05 + 0.10, (2) ethylene dibromide ¢ = 0.86 + 0.97 and (3) p-dichloro-
benzene « =0.20 + 0.16. Since the error bars include ¢ = o for ethylene
dichloride and ethylene dibromi&e, more experiments would have to be per-
formed to ascertain the possible release of free halogen. There seems to

be some indication that p-dichlorobenzene may be releasing some chlorine

-
2>
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but further experiments would be required to confirm this effect. Never~
theless, computation of kg/k7 for ethylene dichloride and ethyiene dibronide
by equation II! and V indicztes that neither compound is more reactive than
ethana; w=-dich.uid enzene 1s accsrsd ' ng to calculation vy euuatien 17 and

Y significantly faster reacting than ethane despite the uncertainty in

the role of free chlorine.

Special Cases: The OH rate constant as a misleading indicater of VOC
reactivity

As outlined earlier the accuracy with which the OH-grganic rate

constant may be used fo indicate the ro1e_the VOC will play in ozone
formation is dependent on a number of factoers. The key assumpticn is
that attack of the organic by OH will lead to the formation of free
radicals (ROp, HOz) which will oxidize NO to NO» with the subsequent
formation of ozone. If after attack by OH, free radicals are not formed
or the organic reacts with the OH reaction product {as a free radical
scavenger such as aniline) then the grganic will produce less ozone than
expected., Also, the OH rate constant may over-predict the Ezone potential
of the VOC if the OH reaction product is removed by heterogeneous
processes i.e. condensatien to form aerosol. -

The OH rate constant may under-predict the ozone potential of a VOC
if the OH reaction produces more radicals than would be predicted from
the initial OH attack. An example of this is the production of photolabile
compounds as a result of the initial OH-organic reaction. - Subsequent
photolysis of these products couid produce more radicals Ieading to faster
NO-NO2 conversions with subsequent fastar ozone formation rates. An’
axample of this is' acetylene which produces glyoxal upon reaction with

OH radicals. *
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Lastly, to evaluate the overall ozone potential of a VOC, the rate of
reaction of the VOC with 03, NO3, and by photoiysis should be examined.
Reaction by these routes in addition to OH reaction can lead to radical
formation {or chain termination). Thus these processes could add to or
subtract from the OH rate categorization procedure., Note: an indicator
of the importance of photolysis as a tropospheric sink may be revealed by
a positive y intercept {equation IIl)} when using the OH protocol. Also
if the VOC absorbs rad{ation at waveiengths greater than 230 nm then the
possible role of photolysis should be evaluated. The photolysis rate may
be further evaluated by another procedure (15).

Ultimataly the use of the QOH rate constant as a predictor for
ozone potential is a crude though fundamental first step in ranking a
VOC. To accurately assess whether an incremental change in emissions of
a given YOG will resuit in a 'significant’ change in ambient ozone
concentration requires an understanding of not only the O rate constant
but a thorough understanding of the products generated by the oxidation
and/or photolysis of that VOC. Also the chemistry of that YOC must be
assessed in conjunction with the composition and chemistry of the airshed
to which the VOC is emitted.

In the following section we present some examples of compouﬁds which
may be miscliassified by'soie reliance on their OH rate constant, They
sefve to‘point out the importance of understanding the OH oxidation
products and their chemistry.

Carbon Disulfide

The OH rate constant for carbon disulfide was recently measured with
this protocol and found to be (2.7 + 0.6) X 10-12 cc molec~l s~1 (14).

This makes CSp more reactive than ethane by a factor of approximately 10,
13




However, it does not necessariiy follow that CS» will generate any ozone
when irradiated in the presence of NOy. The reason for this {s that XOp
(HOp, RO2 or other X0p radicals) must be produced to oxidize NO to NOjp.
i ~aclion pathway for CS, < b o2 »~ It has been sccwi. At rhe DH
reaction with CSo increases with increasing pressure and increases wiih
decreasing temperature. Also the (Sp-0H reaction rate increases with

increasing pressure of oxygen. Presumably the following set of reactions

oCcurs:
_ M
(17) 04 +CS; =+ CSp OH
-

(18) CS,0H + 0p =+  CSo(O0H)0,e

The peroxide radical from reaction {18) has not been identified but its
decomposition products COS and S02 have been. We can therefore postulate
that the following is occurring,

(19) CSp(OH)0p >  HOp + €520

(20) €Sg0 + 0z » SOz + COS
This mechanism is compatible with the daté df Sickles and Wright (18) who
observed ozdne formatioﬁ when CSp was irradiated in the presence of NOy.
However, additionaf work is needed with this compound since the p?roxyi
product frem reactién (18) is speculative as is the formaticn of HOs from
reaction (19). The ozone levels 6bserved by Sickles and Wright could be
a result of chamber artifacts or contamination. If additional smog chamber
work indicates that ozone is produéed from a CSp/NO, system, then the

above mechanism is probably correct and CSp must be classified as a

-,

reactive VOC;
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Phenol, Benzaldehyde and Amines

It has been shown that some organic compounds can act as smog
inhibitors when added to a reactive system. In the photooxidation of
propene in the presence of N0y, the addition of phenol, benzaldehyde and -
aniiiﬁe greatly reduced the rate of NO conversion to NO2 and thus prevented
significant ozone buildup (17). When benzaldehyde was added to a VOC/NOX-
system, aimost 211 smog manifestations decreased (less PAN, HCHO, ozone,
HC reacted). However, eye irritation increased (18). All of these
compounds have high OH rate constants; phenol - 28.3 x 10-12, benzaldehyde
- 11.9'x 16-12 and aniline - 1.19 x 10-10 cm3 molecule-! s-1 (12).

. These compounds presumably inhibit free radical formation. In the
case of phenol, the OH attack on the phenol molecule either occurs at the
OH substituent or on the ring.' If the former happens, the phenol doesn't
pramote free radical reaction but produces a nitrophenol. When the
arématic ring is fractionated, apparently some free radicals are produced
but not enough to sustain the formation of ROp type radicals neceésary
for NO oxidation. |

_The photooxidation of benzaldehyde starts with the removal of the

© - aldehydic hydrﬁéen since this is the weakest bond. Once this happens, a

rapid reaction with molecular oxygen occurs to produce a benzoyl peroxy
radical,

(21) ¢CO* + 0, - {cO3°
The radical will then react with NO2 to produce peroxybenzoyl nitrate,
PCO2N03 (PbzN) or will oxidize NO to NOp to produce a benzoyloxy radical
(9C05*). This radical apparently decaﬁboxy1ates to produce a phenyl
radical which results in the productioﬁ of o-nitrophenol after combining

with NOg in air. Thus, benzaldeshyde acts as a sink for NOy and causes ~
15




the chain lenath for the photooxidation reactions not te be very long and
little ozons is produced. However PBzN is a strong eye irritant and
probable phytetoxicant which in itself is not desirable in ambient air.
Also preliminary Ames test data snow PRzN has an apprdx‘w~teiy [V ATH
greater mutagenic activity than PAN.

Carter and Atkinson {19) have recently determined the incremental
reactivity (the effect on ozone production caused by the addition of the
organic to a hydrocarbon surrogate-NOy-air mixture designed to represent
the current composition of urban air) of benzaidehyde and found this
reactivity to be negative with 211 emission and VOC/NO, ratio scenarios
including a multi-day modeliqg scenario.

The photooxidation of amines proceeds thru the abstraction of a
hydrogen both from the C-H and ﬂ-H bonds. The fate of the RNH radical is
not known., For the dimethyl amine, nitrosamine, nitramine and methyl-
methylene amina are produced.

It unclear whether these compoundg will preduce ozone upon prolonged
irradiation. Diethy1lhydroxy1 amine (DEHA) for example has been proposed
a5 a smoeg inhibifor (20). Heicklen has shown that the addition of DEHA
to a”photochemic§113 reactive system can effectively control the photo-
oxidation products. Product formation especially photochemically produced
ozone can be inhibited as long as DEHA is present. This approach seems

to work for first day irradiations as long as the DEHA persists. However,

upon prolonged irradiation, both ozone and PAN are produced as products

from DEHA, A]sd, the addftion of DEHA to a reactive system produces
mutagenic products {21).. In ‘the case of DEHA, one of the degradation
products s acetaldehyde which 'is a good precursor for peroxyacetyl

nitrate {(PAN), a modeéate!y strong mutagen {22}, .
16




Long Chained Paraffins

Long chained paraffins such as those used for printing oils {»>Cig)
react quickly with OH radicals (kgy = 1.3 X 1071 cc motec? sec-l.
‘ However, the.results of the environmental chamber-experiments performed
by Battelle are ambiguous (23). Some of their data suggest that the
printing oils produce more czone than ethane while some others produce
less ozone than ethane., Thus, these Tong chain paraffins appear to be of .
borderline reactivity. Since those compounds have a high kgy value, why
do they no; produce high tevels of ozone? The probab1e'réason is due to
the foilowing set of reactions:

02
(22) n-CygH3p + O > CygHay0;p°
(23) CygH3302° + N0 > a CygH3q0NO, + (1-2)CqgH310° + (1-a)NO,
02
(24) CygHg10° > HOCygH3p0p¢
(25) HO CqgHgglp + NO » a'HOC;gHzqONOp + {1-a')Cqghyg0® + (1-2')NO,
o,

(26) HO CygH3g0° =+  bifunctional group products + HO,
The.majoﬁ differences between the hiéher moiecular weight paraffins and
the lower paraffins is the formation of stable nitrates. Rather fhan
oxidiziné the nifric oxide to NO2 {as with reaction 3), the peroxy radicals
reérrange to produce alkyl nitrates. This is an extremely ihportanf
factor since the formation of a nitrate serves both as a free radical
removal process as well as a NOy removal process. Carter and Atkinson

(19) estimate that as much as 43% of the radicals form nitrates.




Multi-day Effacts

The UCR protocol was designed to measure the kgy rate constant of a
unG, A YOC's reactiwitv in terms of oz2ne formed per amount of VOC
ceacted, howaver 45 e duusly npote. | i1l depend upon the ~hemicay
structure. The VOC/NO, ratio and length of irradiation is also important.
Reactive olefins such as trans-2-butene or the terpenes will at high
VOC/NOy ratios (>20/1) produce very littie ozone. At high ratios, ozone
is produced very quickly but the ozone gquickly reacts with the olefins
and little or no ozone remains. Since N0y is also depleted through nitric
acid and some peroxy acyl nitrate formation, there is insufficient N0y to
sustain ozone formation and subsequent buildup. Unless additional‘NOx
is added to the system, further exposure to irradiation (sunlight) similar
to multi-day exposures will not produce additional ozone.

The slow reacting organics such as propane and butane show the
opposite effect. In Tow VOC/NOy ratios (<4/1) little or no ozone is
produced on the first day of irradiation. The reason for this is that at
low ratios, there are insufficient HO» and ROz radicals to convert 2ll of
the NO to NOpz. As long as NO is present, little ozone can be produced.

" However, as irradiation pﬁoceeds with the air-mass moving dcwnwing, the
VOC/NOy ratio begins to increase due to the shorter lifetime of NOy
relative to the YOC., When this happens, usually late in the day, the
solar 1ntensf¥ym€§;ééz;é;§1ng and little ozone can be produced. én the
second day conditions are more favorable for ozone formation. Sufficjent
HO2 and RO2 radicals are produced to sustain NO oxidation and ozone
buildup will occur. Similarly, compounds that are free radical scavengers
such as diethyl hydroxyl amine will also give rise to ozone upon prolonged

irradiation encountered jn multi-day exposures.
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The favorable aspect of these observations is that ozone formation
is curtaiied until late in tﬁe afternocon or the next day. If curtajled,
only the downwind area will be exposed to the ozone. This may not be a
problem in some geographical areas. If ozone is delayed the second day,
sufficient dilution will occur to reduce and spread the ozone over a
larger area. If the dilution is sufficiently great, 1ittle ozone is
observed on subsequent multi-day irradiations.

Concluding Comments and Recommendatiogns

It is apparent that there are a significant number of compounds that
are not amenable to this protocol.' However, it is also apparent that
these exceptions are usually compounds containing heteroatoms or are very
high molecular weight compounds. We recommend that if there are any
doubts concerning the reactivity of a specific compound either because of
its struéture or because it contains dissimilar atoms, then smog chamber
experiments should be pefformed. These experiments involve a comparison
of the photooxidation of a known concentration of ethane with NOy in one
chamber with the photooxidation of the test compound and N0y in another
chamber. By comparing the amount of ozone produced in both chambers,
repeating the experiments with-the compounds and chamber exchanged, the
reactivity of the compound under consideration will be established.

This approach was recently tested with acetylene {24). Acetylene
was found te have an Dﬂ reaction rate constant approximately three times
that of ethane. We were uncertain that the reactivity of acetylene was
greater than that of ethane because the mechanism for the photooxidation
of scetylens is considerably differant than that of ethane. The side
by side experiments conclusively proved that acetylene produced more

ozone upen photooxidation than ethane.
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It should a’sc be noted that reactivities measured with the Kpg
protocol are on a molar basis. The rate constant is in cc muiecuie~ls-2
i.2., the size of 2 molacule 5 not censidered., Ordinarily, this does
not present an; problemes siace one is usually corceried with me. htiistic
relaticnships. However, the size of the molecules may become important
when control strategies are considered. For example, 1 ppm of a Cis
compound {such as the printing ink o0ils} contain many more'atoms than a
C3 compound such as propane. Therefore, on a melar basis the Cys organic
will be much more reactive {if we assume that the kgy values are the same).
HnweQer, on a weight basis, the Ci5 would be considered less reactive
since many of the carbens, as noted earlier, will be involved in nitrate
formation. When carrying out an assessment of reactivities for the

purpose of regulatory action, reactivities in terms of mass emitted must

be considered.
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ABSTRACT

An axperimental protocol for the determination at room temperature of
rate constants for the reactions of hydroxyl radicals with organice
" chemicals 4z the gas phase is describeq in detafl. This protocol provides
a basis for evaluating the rTeactivizy of'organic substances which are
emitted into the environment and which are consumed primarily by reacticn
with hydroxyl radicals.

The experimental technique is based upon monitoring the disappearance
rates of the test compound and of a refzrence organie in irradiated methyl
nitrite~NO=corganic-air mixtures. Irradiations, employing blacklamps
emitting in the actinie region, are carried out in ~75=liter volume
cylipdrical Teflon bags. The conﬁentrations of the reactants are: mnethyl
nitrite, zero to ~15 prmy NO, ~53 prm; test compound, ~1 ppm; reference
organic, ~1 ppm. The test compound and refarence organic are monitorad by
gas chromatography or other appropriate techniques and NO, Nox, and 03 by
chemiliminescence instruments. Ozing this technique, OE radical rate

constants 23 x 107*% cn® molecuie™! sec”! can be measured.
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405 CAPITOL STREET

AL A VANUFACTURERS ASSOCIATION SHToNe (hoe) Sanias

June 18, 1890

Mr. G. Dale Farley

Director .

West Virginia Air Polluticn
Control Commission

1558 Washington Street, E.

Charleston, West Virginia 25311

Re: 2Amendments to Regulations on Volatile
Organic Compounds.

Dear Director Farley:

As a follow-up to the recent hearing and filing of
comments on the proposed amendments to rules governing the
emissions of wvolatile organic compounds, we have come into the
possession of some information from the State of California which
we find to ke interesting and helpful in dealing with the universe
of VOCs to be regulated.

On behalf of the Manufacturers, we are therefore
submitting these additional comments for your consideration.
Enclosed you will find correspondence and documents with the
California Ailr Rescurces Becard dealing with the definition of
"volatile organic compound’”. This definition proposed for use in
California allows for flexibility in the regulation of VOCs by
tying the State dJdefinition teo the EPA listings for negligibly
reactive compounds. Adopting a similar regulation would help to
clarify this term and to exclude chemicals of low reactivity from

regulatiocon.

We urge your review and consideration of this approach
for defining volatile organic compounds in each of the three
regulations new under consideration by you.

Enclosures

cc: Mr. Robert L. Foster
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June 1, 1990

Ms. Peggy Vanicek

Manager, Solvents Contreol Secticn
California Alr Resources Board
P.0O. Box 2815 o

Sacramento, CA 95812

Dear Ms. Vanicek:

The Silicones Health Council is an Association comprised of
domestic and foreign silicone producer companies. Attached is a
proposed definition of VOLATILE ORGANIC COMPOUND which the Council
wishes to offer as a more flexible, yet meaningful, approach in
regulating VOC's. The rationale supporting this proposed
definition is also encleosed,

Your review and consideration of this proposal would be most
appreciated. If further elaboration of this submittal is desired,

please feel free to contact me.

James W. Pollack, P.E.
/Ehairman

Environmental Affairs Committee
Silicones Health Council

mﬁpﬁgggNiNG CORPORATION, MIDLAND, MICHIGAN 48640 TELEPHONE 517 436-4000




Proposed Definition of Volatile Organic Compound

DEFINITION

Volatile Organic Compound means any compound centaining at least
cne atom of carbon, excluding:

i) carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides or carbonates, methane, 1,1,]l-trichloromethane
[methyl chloroform], methylene chloride, trifluoromethane
[EFC-23], trichlorotrifluoromethane [CFC-11317,
dichlorodifluoromethane [CFC-12], trichleoroflucoromethane
[CFC-11], chlorodifluoromethane [CFC-221, dichlorotetrafluoro-
ethane [CFC-114], chloropentafluoroethane [CFC-115], dichloro-
triflucroethane [HCFC-123], tetrafluorcethane [HFC-134a],
dichlorofluorcethane [HCFC-141b], chlorodifluorcethane
[HCFC-142b];

ii) any other negligibly reactive compounds listed by the
Environmental Protection Agency pursuant to its Recommended
Policy on the Control of Volatile Organic Compounds; and

iii) any other compounds less photochemically reactive than ethane.
Photochemical reactivity shall be measured by the compound's
hydroxyl radical (OH) reaction rate constant (kOH).

RATIONALE

The above definition for volatile organic compeund (VOC) allows for
flexibility in the regulation of VOC's. The Federal list of
exemptions has expanded twice since its inception in 1977, the most
recent expansion occurring just last year. By tying the California
definition of VOC to the EPA listing, California will automatically
keep current with developments in this area. Once a compound has
been included in the EPA list of exempted compounds, the State of
California may not take credit for controlling releases of the
compound as part of the State's ozone SIP control strategy.

The South Coast Air Quality Management District Rules and
Regulations contain an incomplete definition. The date of the
rules and regulations is January, 1920, but the definition of
reactive organic. gases does not exclude the four compounds added to
the Federal exemption list in 1989, In contrast, regulations
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proposed by the Bay Area Air Quality Managemént District in April,
1990, do not include the new additions to thd list. This
discrepancy demonstrates the neéd to link thé State definition of
VOC to the Federal definition of VOC.

EPA first announced 1ts Recommended Policy on Control of Volatile
Organic Compounds on July 8, 1977. See 42 Fed. Reg. 35314. EPA
identified four negligibly reactive compounds in that initial
notice: methane, ethane, methyl chloroform, and Freen 113. Ethane
is the most reactive of these compounds. the EPA has since agreed
that compounds found to be less reactive than ethane may be
"considered for addition to the current list of negligibly reactive
VOoC s"., 54 Fed. Reg. 1987, 1988 (198%9) (adding specified
halocarbons to the list of negligibly reactive compounds). The
above definition allows for the exemption of a chemical less
photeochemically reactive than ethane without requiring an actual
EPA listing of the chemical.

In January, 1990, the United States District Court for the Northern
District of California ordered the CARB to adopt measures to reduce
VOC emissions from consumer solvents by 4.0 tons per day. It would
be inappropriate to seek to comply with the Court's order by
reducing emissions of negligibly reactive compounds. Unless a
definition of VOC similar to above definition is adopted, the CARB
regulations may require reductions in emissions of compounds that
the EPA has determined do not contribute to significant ozone
buildup.

Faced with the immediate need to reduce ozone and smog formation,
the substitution of less reactive compounds for higher reactive
compounds should be encouraged. To this end, it is important to
exclude chemicals of low reactivity from SIP regulation. An overly
inclusive regulation will frustrate enviroenmentally beneficial
product reformulations, and may lead to more costly product
reforrmulations or reduce product use ..and in some cases product
bans without any environmental benefit.

Submitted by:
Silicones Eealth Council
1330 Cennecticut Ave,, N.W. #300
Washington, D.C. 20036-1702

Attn: William Smock
Executive Director

202/659-0060
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SECTION I

INTRODUCTICN AND BACRGROUND

Velatile organic compounds, when emitted izto the atmosphere in the
presence of oxides of nitregen (¥0,), can ‘react in sunlight o contribute
to the photochemical formation ¢f ozone and other photochemical oxidants,
a major alr quality problem in many areas of the United States. Organic
compeunds are known to differ te the extent in which they contribute to
ozone formation, or Iingrease the rate of its formation. In particular,
certain organiecs react to form ozone extremely rapidly when irradiated in
the presence of NOx, while others are essentially inert 1n the lower
troposphere or react too slowly to affect ozone formation in the area in
which they ars emitted, These differences, which are referred to as the
"reactivity” of the compound, need to be taken into account in assessing
the impacts of emisslona of different organic compounds'on pﬁotochemical
ozone formation. .

The reactivity of organic compounds with respect to ozone formation
has been defined and measured in a number of ways. These include:

¢ The amount of ozone produced when the organic compoéund is

irradiated in environmental chambers in the presencs of Nox.

¢ The rate of NO oxidation observed in such envirommental chamber

irradiations [NO oxidation in organic-NO ~air irradiations is
directly related to ozone formation, as discussed in detail
elsawhere (Bufalini et al, 1976, Finlavyson-Pitts and Pitts 1977,
Atkinson and Lloyd 1984)].

¢ The rate of removal of the organic compound in environmental

chamber irradlations.

e The rate at which the organic compound reacts with hydroxyl

radicals. i

The first three of these approaches to defining and weasuring
reactivity inovolve the use of énvironmental chamber irradiations, which
have served as the basis of most past studies of ozone feorming
reactivity. However, environmmental chamber irradiations are subject to a
number of problems, for example "dirty chamber" effects, and this
experimental technique has been shown to be particularly unsatisfactory in

determining the ozone-forming reactivities of slowly reacting compounds




{Bufalinl et al, 1977). Since 3n Ioportant gquaestion concening the
reactivity of orgsnic compouarnds Inveives differentiating botweea crganice
compounds considered to be unreactive and those which are reacrtive, this
ic a gxniong limdtatico,

Some of the protiams with. defining and measuring reactivity usiag
smog chamber experiments can be circumvented by defining reactivity in
terms of the rates at which the organic compounds react with the hydroxyl
(0B) radical. This involves, 1n general, far fewer experimental problems,
gince for most compounds these rate constants can be measured to a fair
degree of accuracy by a number of techniques, some of which are suitable
for slowly reacting compounds (Atkinson et al. 1979, Atkinsen 1985). This
definition of reactivity assumes Ehat reaction with the hydroxyl radical
is the major atmospheric loss process for the organlie compound being
tasted, and that the ratas at which the compound reacts in the atmqsphere
is the meost important factor iIn influencing its overall reactivity. Ais
discussed ©below in section I.A, these assumptions are not always
correct. Thus some organic compounds ars consumed o a significant extent
in the atmosphere by other resction pathways, and in certain cases factors
other than the initial QH radical reaction rates can have a sigmificant
influence on thelr overall reactivity. However, for a majority of the
organics which are currently emitted in significant quantities into the
atnosphere and whose atmospheric reactions have been studied, reaction
with OE radicals i3 indeed the major removal process (Atkinscn et al,
1979, Atkinson 1985). Furthermore after reaction with OH radicals, these
compounds generﬁlly tend to form interﬁediateé which cause oczcne formatioﬁ
in the presence of NO, and sunlight (Bufalini et al. 1976, Finlayson~Pitts
and Pitts 1977, Herron et al., 1979, Atkinson et al., 1979, Atkiznson and
Lloyd 1984). i

In this document, a procadure is described  for measurement of the
room temperature rate c¢onstants for the reactiom of organic compounds with
OR radicals, in order to assess theilr atmospheric reactivity. This
procadure is based on the relative rate technigque previously develdped and
tested by Pitts et al., {1982), and is among the simplest of the techniques
which can be accurately applied for this purpose. 4un overview cf this
procedure is given in secrion I.B below. EHowever, this procedurs has a

number of limitations, both with respect to the concept of defining ozone—




ferming reactivity sclely in terms of hydroxyl radical rate counstants, and
with respect to experimental problems with.the technique when applied to
measuring CE radical rate coustants for certain classes of oTganic
compounds. The potential experimental limitations ara dilscussed Ain
section I.C. Despite these limiratiomns, however, the procedurs described
in this document can be usefully- employed as a preliminary screening
method for assessing the ozone~forming reactivity for many classes of

organle compounds.

A Factors Affecting Reactivity
The extent to which an c¢rganic compound gentributes to czooe forma-

ticn i3 influenced by a number of facters, and in principle all of these
should be taken into account in assessing its reaﬁtivi:y. These factors
are: .

¢ How rapidly the organic ccmpound reacts in the atmosphers.

The amount of ozone formed (or NO oxidized} when a given amount
of the organic compound reacts.

] The extent to which the reactions of the organic compound enhance
oT suppress Tadical levels, which affects the rates of reaction
of all organic compounds present in that particular ailr mass.

¢ The extent to which the reactions of the organic compound
coantribute to the comsumption of NO,; this in turn aZfects ozone

‘ formation since this is only s%gnificant when NO, is presgent.

The chemical loss rate of an organic compound under atmosapheric
conditions is an important factor with regards to its ozone forming
potential. This 1s especilally so for the slower reacting organic
compounds, since 1if they do not react they can have no effect eon czoane
formation. Thus the reaction rate under atmospheric conditions is an
important factor with regard to whether or not an organic compound cam be
considered to be reactive or unreactive with respect to 0q formation, As
indicated above, the experimental protocosl described in this document is
concerned with measuring this aspect of reactivity.

. Bowever, once a compound emitted into the atmosphers has undergone
reaction, mechanistic factors, in particular those listed above, determine
the specific influence of the organic compound on ozone formatiomn. An

fmportant factor is whether the reactions of the compound suppress or




enhance sadical levels. Since _r.he formation of photochemical smog i=
primarily a radiecal chain process, radical inhiblitors or imitlazrrs hava
an important effect on the overall reactions in the system, including the
rates uf whizh ofther organic .ompcunds rzagct teo cause oznr.;': fcweation.
Certain compounds, scch as tolusme and the xylenes {Atkinson et al. 1920,
Fillus and Whitter 1982), and furan and pyrrole {Carter et al, 1984a) tend
to be more reactive ia NO =air irradiations than expected from their QE
radical rate comstants. This is attributed to the formation of radical
iniriators in rheir atmospheric photooxidation reactions pathway. Certain
chlorinated compounds, such as tetrachloroethene, also temd to be more
r=active than expected, due to radical Iinitiatien via the Zormation of
chlorine acoms.

A number of other organic compounds which have been studied have been
shown to have significant radical (as well as NO,) sinks, and thus act as
inhibitors for ozone formation. Examples of such c¢ompounds are
benzaldehyde (Atkinson et al. 1980), the cresols (Atkinson et al. 1980),
amines {(Lindley et 2l. 1979), and the higher alkanes (Atkinson ard Lloyd
1984)- For these compounds, ozone formation I1n their NOx-s.ir
photooxidation is markedly less than expectad based solely on thelr rates
of resction with fthe 0H radical. Furthermore, addition of these compounds
to photochemical smog systems can cause 2 reduction, rvather than an
enhancement, of ozone formation, leading to the concept of 'negative'
raactivity. This possibility of negative reactivity is not taken into
" account when reactivity is definad solely in terms of CH radical reaction
rates. However, for compounds which are not ;:adical inhibitors the rates
at whiech they react can serve as a semi-quantitative estimate of ctheir
ozone~forming reactivity.

The protocol described in this doctment is basad on the assumption
that organiec c¢ompounds are asonsumed Iin the atmosphere primardily by
reaction with the hydroxyl radical. Howaver, certain organic compounds
can react in the atmosphere in a number of other ways, and envirsaomental
chamber and laboratory studies have shown examples for which one or mora
of the following removal processes are of significance:




e Reaction with ozone.

v Direct photolysis.

e Reaction with the nitrate (N03) radical.

# Reaction with nitzric acid (B.'Nos)

For example, reaction with ozone is an important atmospheric sink Ior
the alkenes and other unsaturated compounds, and may bde the dominznt
removal progess for the hydrazires (Tuazon <t al., 1981, Atkinson and
CaTter 1984). Direct photolysis can be a2n important removal procass for
carbonyl compounds and is the dominant atmogpheric sink for mest nitrites
and nitroso compounds. Reactlicn with the N03 radical has been shown to be
2 dominant sink for the teactions of phenolic compounds Iin atmospheres
polluted with both ozome and NO, (Carter et al, 1981, Atkinson et al.
1984), and has been more recently shown to be an important atmospheric
sink for a number of other compounds, examples being furan, thicphene, and
pyrrole (Atkinson et al. 1985), the monoterpenes, and dimethyl sulfide
(Winer et al. 1984). TFor basic compounds such as the amines and pyridirne,
reaction with nitrie acid is péssibly an Iimportant removal process in
polliuted atmospherss, where significant gquantities of nitric acid may be
preseﬁt. .

However, as indicated above, for mest organic compounds reactien with
the hydroxyl radical is the dominant homogenmeous atmospheric removal
process. Thus, for example, reaction with hydroxyl radicals is the major
atmespheric removal process for the alkanes, aromatic hydrocarbons, simple
satiirated alérhols and‘éthers, saturated halogenated organics and many
other classes of compounds (Atkinson 1985). These constitute a majority
of the organic compcunds which are emitted in significant quantities into
the atmosphere and whose atmospheric reaction rates are known or can be
estimated., TFor compounds such as these, the applicaticn of this protocol
can give a reasonably reliable indication of atmospheric removal rates,
and a basis for estimating their reactivity with respect to ozone
formation.

B. Overall Approach Employed

As indicated above, the experimental procedure described in this
doctment consists of measuring the relative rate constants for the reac-

ticn of welatile organic compounds with the hydroxyl radical. This




procedure also yields information regarding the photolysis rate constants
for these organic czapcuwtds, though 3 srotoncl speeifieally Jdacigne) for
that purpose 1s described in detail elsewhere (Carter et al. 1984b). The
specific exzerimental procedure £or determiniﬁg QE radieal rate constancs
is based on aeasvring the relative ratus of d;sappearance of the tast
compound and a reference organic in irradiated methyl nitrite {CHsoNO)—NO-
organic—-zir mixtures. If both the test and reference organics are
consumed primarily by reaction with OH radicals, then the data can be
analyzed to yield the ratlo of OH radical rate constants for those two
compounds. Using the known rate constant for the reaction of OE radicals
with the reference organic, the rate constant for the test compound can
then be determinped.

The photolysis of CH,ONO in alr 'is a2 convenlent method to generate
high concentrations of OH radicals by the following reactions:

CHBDNO + hv =+ CHSO + NO

____“§?30 + 02_+ HCHO +-EO2

“+ N
HOZ NO > OE + LOZ
In the presence of added organics, the OH 7radicals react with these

organics: .

O -+ test compound -+ products ’ (1)
CH + reference crganic + products (2)

In addition, the test compound may also photolyze, react with ozone and/or
Teact with the NOj radical:

test compound + hv > products (3’

test compound + O, + products (4)

3

test compound + NO, » products (3)

3




Exces3 NO is included in the reaction mixture in order to minimize the

importance of reactions (4) amd {5), since 05 and KO, both react zapidly
N cHO

with NO: c[,.l.dcc,“-\_f-—’ - f’c;: ;J)

. OH .‘,‘U@L —— ;

NO + 0, > NO, + 0,
CHosor = Ho e
NO + NO, » 2 KO,
If the organics are lost ounly by reactlion with 0OH radigals and, for the

test compound, photolysis, then
-d[test compound]/dt = kl[OEI[:est compound] + ks [test compound] ()

~d{reference organic]l/dt = RZEOE] [refersnce organic] (ID

where kl and kz ara the COH radical rates constants for reactioms (1) and
{2), respectively, and k3 is the photolysis rate constant, Hence

dln{test compound]/dt = kIZOE] + k (III)

3
and

dln[reference organicl/dc = kZ[OEI (v
" Elimination of the Q0H radical concentration and integration leads to

{rest compound]t x [reference orgenic]t
1 o) 1 o
(t-to) 1a [test compound]t = k3 +-k2(:-to) ln [raference orgenic]:

(M

where [test eompound]t and [referance organic}t are the concentrations
of the test compound and the refarence organiec, respectively, at time t,
and [test compound]t and [referesnce organic]t are the corresponding
concentrations at time t. Note that equation (V) is valid even if the OH
radical concentration varies with time.

Hence a plot of (t-to)'l In([test compound], /{tesz compound] )
against (t‘.--tc_,’)q'l 1n{freference organic]: /[reference0 organic}t) should

o
yield a straight line of slope kl/kz and intercept k3; Tnowing kz, the




rate constant kl may then be derived. If the test compound does not

pbotelyze {(i.s., ka » 0), ther equatioz (V) ca2n te simplified to yield:

[tast comp0und]t [zeference orgaaic]t
=]

[reference organic}t

K

o} 1
.:-'_I':';" ol

{cest ccmpound}: S 2,

ia

(1)

and a plot of 1n ({test compound]to/[test compound}.) against In
{{reference organic]toi[raference organic],) should yield a straight line
of slope klsz with a zero intergept.

The concentrations of the rest compound and the reference organic are
monitored before and during irradiation of the CH,ONO-NO-test compopnd-
reference organiceair mixtures by gas chromatography or by other suitable
analytical techniques. EHence the lower limir to kl that can be determined
is set by the precision ¢f the analyses, but is expected to be of the

order of <3 x 10713 emd molecule™! sec™! under optimum conditions.

Ce Iimitations of the Experimental Technigue

The general technique outlined above and described in detail in the
. following sections has been developed to provide rate constant ratios for
the reactions of OH radicals with a wide variety of organic compounds,
with an experimental precision in mﬁhy cages exceeding that possible with
current absclute techniques (see Atkinson 1985 for examples and a discus-
gion of the current rate constant measurement techniques). However, there
are certain classes of compounds for which this technique probably cannot
be successfully applied, at least not without significant modificaclons.
Examples of such classes aré as follow: '

e Compounds which react with OH radicals with rate comstants lower
than ~3 x 10-13 cm3 molecule™ sec™'. This is not a serious limitatiom
for the purpose of estimating their ozone-forming reactivity since
compounds which react slower than this are considered to be unreactive,
(An OH radical rate constant of 3 x 10713 em® molecule™} sec™! corresponds
to an atmospherlc lifetime of >80 days, assuming a2 global 24-hour annual
average OH radical concentration of ~5 x 10° em3.)




s Compounds for which ne reliable and precise technique exists for
measurement c¢f theilr concentration in. air. The weasurement technigque
should be sepsitive enough to monitor the organic compound at par:t-per-
million (ppm) levels. This protocel presumes that such a suitzble
organic eiiéts and 1s available at the laboratory carrying out this
protocol, FHowever, since this technique 1s based on the measuremenﬁ of
relative decay rates, it is not necessary to be able to measure the
absolute concentrationgs. Thus, this protocol can be applied even if no
reliable technique exigts for the measurement of absolute concentrations
of the test organic.

e Compounds which have insufficient volatility to be introduced into
- the gas phase at high enough concentrations to be wmeasured. It should be
noted, however, that extremely non=~volatile compounds can be considered to
. be unreactive, and this protocol thus need mnot De applied to such
compounds. '

e Compounds which tend to be absorbed onto the walls of the reaction
vessel, This is evidenced by (a) the lavels of the compound meonitorsd in
the gas phasa in the reactor being laess than those ezpected from the
quantity injected, (b) by the measured concentrations of the compound
decreasing with time in the rTeacticn chamber prior to the irradiation, or
(¢) by the gas phase concentration of the organic compound increasing
after the lights are turned on. Tests for determining whether or not any
of these oceur must be carried out prior to conduceting this protocol.
Moderate wall adsorption problems may not be too severe a limitatiom
providing that the corganiec compound reacts sufficiently rapidiy that the
the rate of its coumsumption due ,to chemical reaction when the lights are
on 1s more rapid than the rate of wall adsorption/desorption. However,
the kinetic data obtained will necessarily be more uncertain.

e Coopounds wiich photolyze so rapidly that their photolysis is a
more important loss process in CH3ONO—air photolysis sysrams than is their
reaction with CE radicals. This will be the case £for compounds whose
photelysis rates in sunlighr or blacklight irradiation are'comparable to
or exceed that of meghyl nitrite and can be readily checked by carrying
out the experimental protocol as described below. For such compounds, an

alternate procedure based on using the hydrazine 4+ ozone reaction as a




dark OH radical source can be applied -— provided that they do not react
with hvdraziaes or ccoce (Tnzzow cer al., 13823), EBowever, 1f o cimpeund
photolyzes this rapidly, them photeolysls will be its dominant atmospheric
remo7al pathway and its CE radizal rate ~onstant will not be an important
factor in deteruinirg its resctivity.

s Compounds whose photooxidation wmechanism involves tﬁe releagse of
chlorine (or possibly fluorine) atoms, since these may contribute to the
consumption of the test compound and the reference organic. If this is
suspectad to be the case, ethane, propane or some other suitable compound
whose (1 atom/OE radical rate constant ratio is significantly higher than
thart for the reference organic can be included in the reaction mixture at
gufficiently high levels that the majority of the chlorine atoms reacts
with it. -{Chlorine atoms are a more reactive and thus less discriminating
species than QE radicals in terms of reacting with most organies, and thus
the Cl1 atom/OB rate coustant ratic will be relatively higher for less
reactive compounds.) The modificaticns to the protocol for such cases is
beyond the scope of this document.

¢ Compounds which react with nitric acid vaper. Nitrie acid iIs
formed as a product in irradiated CEBONO-NO systems from the reaction with
OH radicals with 104, and may thus contribute $o the consumption of the
tesz organic if the test organic reacts with HNC4. Tests can be carried
out to determine whether this is the case, especially {if the compound is
known to be basic in nature.

In general, i1f the results of this protocol appear to be azomalous,
as indicated, for example, by non-linear plots of eduation (v}, then the

possibility o¢f these or cother q:perimental problems should be investi-
gated. In some cases, such problams may be anticipated based on our
knowledge of the rchemistry of the class of compounds being Investigated.
In these cases, appropriate tests should be carried out to assure the
validity of the protoecol. '
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SECTION II

GENEZAL EQUIPHENT AND MATERIALS REQUIRED

To determine rates congtants for the reactlon ¢f O0H radicals with
organic compounds wusing the method catlinad above, the f£ollewing wmajer
pleces of equipment ére needed:

¢ A gas chromatograph or cther analytical equipment ragquired for
precision gas phase analyses of the test and reference organics.
An ozone monitor equipped with a filter to remove particulates,
4n NO-NO, monitor. ] '

A Teflon bag or chamber in which the reaction can be carried out.
An arrangement of fluorescent lamps.

» * & ¢

A greaseless high vacuum rack.
The specific requirements and recommendations for these items of

equipment are discgussed below.

A, Methods for the Analyses of the Tegt and Reference Qrganics
While it . can be geen [equations (V) and (VI)] that only relative

measurements of the test and reference organic concentration are Teces-
sary, it 1s recommended that quantitative analyses be carried out. Tor
the development of this experimental protocol, gas chromatography was used
to apalyze the test and reference organics. However, any analysis
technique that 1s specific for the test and reference organics, can
monitor these compounds at the concentrations necessary'for this protoeonl,
i.e., ~0.1=! part-per-million (ppm), and which samples over a time period
short compared to the irradiation times can 1n principle be used. (For
example, mass Sspectrometry, combined gas chromarography-mass spectrometry
or in-situ spectroscople techniques can also be emp;oyed). Singe sampling
for the test and reference organics must be carried out simultaneously for
this protocol, the same technique of choice should be used £for both
species. It is taken for granted that quantitative analyses of the test
compound by such techniquegs will have been aeveloped at the laboratory
conducting this protocol. Hence, this aspect of the protocol is
considerad beyond the scope of this document.
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For the reference oTganics which are recommended for use here (see
Section III}, tle gas chromatographic coluwuczs and conditiors used in the
development of this protocol were as follows (Pitts et al. 1979):

a=-Butane, c¢yclohexane, isoprené and Z-mothyl-l«butene (and other C,

brougih C o~alkanss wewsm assnioved auieg 4 20 0Ir g 1/8—-in, stairloss
—— e R ] i 2 D PR, - __. - - -

-

steel column with 54 £I703/C20M on 100/120 meeb AW,_DHCS Chrzsosorb 3,
operated af 333 K« The N, carrier gas flow was 50 cm3 min-l, and a 3.0
cm3 gas gsample loop was usged.

Propene, n-butane (and other >C, alkanes and alkenes) were analyzed
using a 36-ft x 1/8-in. stainless steel column of 10Z 2,4—dimethylsulfo-

lane on C~22 firebrick (100/120 mesh) operated at 273 K. The ¥y carrier
3 min-l 2 ’

gas flow was 80 cm and a 2.0 cm

gas sampling loop was used.
For all of these analytical systems, no preconcentration was necess-—

ary and flame ionization detection was employed in all uses.

Be. Ozone Monitor

It i3 necessary to monitor ozone when carrylng out this protocol in
order to assure that it is not being formed at sufficilently high concen—
trations to contribute to the consumption of organics which might react
with ozone or N03 radicals. A chemiluminescence ozZcone analfzer is
recommended for this protocol since the ozone analyzers utilizing ultra-
violet absorptiomn tend to respond not only to ozoneﬁ but also to some
chemicals which absorb radiation at 2353.7 mm [e.g., the cresols (Atkinson
et al. 1930)1. This may include some of the OE radfcal reaction
products. The ozone analyzer used will have an optimum sampling rate
specified by the manufacturar; any sampling rate less than ~2 liters min~t
is acceptable., The ozone analyzer should be calibrated according to the
manufacturer’s specifications.

-

C. NO=NQ_ Monitor

A chemiluminescence NO=-NQ monitor__(using the o;one—nitric oxide
reaction) is recoumended for this protocol. The moniter should bLe
calibrated aeccording to the manufacturer’s specifications. It should be
notad thaf the Noz and NO, readings on such monitors are subject to posi=-
tive interferences by organic nitrates and other nitrogencus species

{Winer et al. 1974), including methyl nitrite and the methyl nltrate
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formed as a product in the methyl nitrite=-NO irradiation system. Thus
these readings can only be takea to be upper limits to the true NO2 or NO,
levels. This will be particularly true if the test organic or reference
compound are nitrogenous compounds, or 1f they tend to form, as 1s the
gcase for thé higher alkares, organle =nitrates im their NO -air
photooxidation reactions. Fortunataly, accurate N02 measurements are not
required for this protocel. The NO data are unaffected by this

interference.

D. BReactiocn Chamber and Fluorescent Lamp Irradiation Assembly

1. Reac¢tion Chamber

A simple, yet totally adequate, reaction chamber comsists of an
~75~1iter FEP Teflon cylindrical reaction bag (FE? Teflon 1s a registered
rrade name of E. I. du Pont de Nemours and Co., Inc.), formed from three
pieces of 2 mil FEP Teflon. A diagram showing the comstruction of such a
reactor is shown in Figure 1. The two end pieces are ~45 cm in diameter
with an ~45 cm wide, ~140 cm long plece forming the cylinder. Tefliom is
the preferred material for construction of the reaction chamber because of
its general inertness to ozome and its lack of hydrocarbon offgassing.

2. Injection and Sampling Port )
Prior to heat sealing the Teflon chamber sides, a port for injee-

tion of the reactants and for sampling must be fitted. This sampling and
injection port should be constructed of TFE Teflon nuts and bolts with the
appropriate Swagelok stainless steel fittings. (Swagelok is a registered
trade name of Crawford Fitting Company.) '

Figure 2 shows the design of the sampling and injection port used in
this protocol. The port consists of a 2-3" long hollow bolt of Teflon
(A), machined on the exterior surface with threads. The interior hold (B)
is 1/4" in diameter and ar ~8" long 1/4" oc.d. Teflon tube is inserted as
shown., Two Taeflon nuts (D) then screw over the bolt (A), one con the
inside of the bag, the other om the outside. Large Teflon washers (E) are
placed between the Teflon bag and the nuts (D), thus enabling the nuts to
be tightened without twisting or stretching the Teflon bag. The 1/4" o.d.
Teflon tube 1is comnected outside the reaction bag to a glass-Teflon stop-

cock.
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(a)
©
A
8 D
7
45em
C,;————{Q-Ocm—————ﬂéL
(b)

{c) HEAT SEAL 8C TODE; A TO 8D, F TC CE

Figure 1. Construction of the Teflon Reaction ‘Qag
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Figure 2. Injection and Sampling Port
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3. E=at Sealing

The Teflon port 1s £first assembled <o one of the 23 of the
¢hamber by tightening the Teflon nuts, as detalled above and as shown in
Figumes 1 1wl ’. Tta hole in the Teflou <hent tarorgh which fhe Teflon
bolt (A) fits car be convenieutly made =usirg = cor™ boreyr. "The sides of
the resulting eylindrical bag are sealed together with a 500 watt thermal
impulse heat-sealer. It will probably be necessary to carry out prelimin-
ary testing of this heat-sealing technique using scrap pieces of Teflon to
obtain a heat setting that yields a strong seal.

E. Beaction Bag Cover

An opaque cover is mecessary in order to avoid illumination of the
reaction chamber and hence possible photolysis of the methyl nitrite or
the test compound being studied before the timed experiment begins. 4
large opaque plastic sheet functions well.

F. Seal Reinforeement and Leak Testing

The heat-gsealad sides can be further protected from leaks by covering
the heat-sealed seams with green Mylar tape. After the bag I1s constructed
it should be tested for obvious leakage by £illing with pure air (ultra-
high purity) to capacity (not excessively so as to split the seams) and
then allowing the inflated bag, with the stopcock closed, to sit for oune
or two hours. After this period of time, the amount of deflation can be
visually estimated. A certain amount of air will have permeated thwough
the Teflou, but the bag should still be largely filled, and no obvious
leaks should result from applying a small amount of pressure to the bag.
The seams should be carefully exaﬁined for splizs or tears, and, 1f any
are found, they slhould be resealed (probably at a lower heat setting) and
more Mylar tape applied to reinforce the seams.

G Fluorescent Lamp Assembly

The fluorescent lamp assembly used in the development of this proto-
col is shown schematically in Figure 3. It consists of a cgircular array
of 24 15-watt blacklights (GE F1$T8-BL15) oounted in a e¢yvlindrical frame
counstructed of aluminum, The lamps are arranged on three electrical

circults, eight lamps per circuit, with every third lamp being on the same
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Figure 3. TFluorescent Lamp Assembly
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eircuiz. This zllows the use of three differing light intensities. In
the bottem of tre assemhly Is 3 fzn which circulates a larze volu~e of air
to minimize heating of the reaction chamber. A cylindrical wire mesh
screcn froside the lamp ring (Figure 3) keeps the reaastion bag from contact
with the iaups or the fano,.

E. Yacuum Gas-Handling System

A gas=-handling system 1s necessary for the preparation and gas
handling of methyl nitrite and.. may also be useful for the preparation and
purification of -the test or reference compounds. A suitable system is
shown diagramatically in Figure 4. Such a system should be constructed
from Pyrex, sinca the use of other materials, such as various metals, can
lead to wall adsorption problems. The comporents of such a gas handling
system are discussed below.

l. Vacuwur Pumping System

Two pumps, working In tandem, are necessary to provide goocd
vacuum, i.e., pressures 510-5 torz, The forepump {A) must be capable of
achieving préssures ¢0.05 torr. A rotary pmp such as a Welch Model 1502
Dug—~Seal or equivalent i3 reccommended for this purpese. The forepump is
attached to the rest of the vacuum system by heavy-walled rubber vacuum
tubing (B), which alsoc serves fto damp-ouf transmission of vibratious to
the wacuvm line. The exhaust from thiz pump should be wvented into 2
hood. The second, and high-vacuum, pump required is a multistage oil
diffﬁéion pump q’L;"CI),. a C?Cﬁ(Consolidated__Vacu@ Corporaticn) VMF-10 or VMEF-
20 or equivalent belng suitable. The workirg fluid shbuld be a2 silicone
oil (e.g., Dow-Corning DC703) since it is léss susceptible to dastructive
oxidation should the system be inadvertently opened %o air while the
diffusion pump Is still hot, The diffusion pump £luid must have z room
tamperature vapor pressure of 510‘5 torr.

The pumping system must be equipped with a rrap (D) cooled by liquid

nitrogen {i.e., at 77 K) to reduce pump ¢il contamination and back-strean—

ing. The cone and socket portions of this frap (Figure 4) may be

convenientlf sealed using Aplezom W wax (which requires gentle heating to
apply).
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2. Vacuum Rack )

» suitsbla assambly of the vacumm rask 13 shown in Flgurse 4., Tha
stopcocks should ba of Teflon with Viton "o'-rings, such as the Rontes FR-
826500 or K-825510 series. The "o'=ring joints {(¥7 or #9 =ize
=ze justable) gusi te esezn Lo Le compatible wliih those on the uwehy.

trite trap {(G). These "o"-ring joints should be clamped by pinch claups
with a screw lock device {(Thomas #18A, available Izrom VWR Sclentificz,
Inc., for example).

3. Pressure Gauges

Two, or preferably three, pressure gauges are required:

(a) An ionizatiom gauge to measure high vacumm, 1.e., presaures
$10"3 torr, to verify that the vacuum system is operating correctly and
that there are nc leaks. '

(b) If avallable, a thermocouple gauge is desirable to monitaer,
on a semi-—quantitative basis, pressures ipn the range ~10-3 to 1 torr.
This gauge is used to monitor the pressures in the gas handling system
prior to turning on either the diffusion pump (wihich requires pressures of
£0.1 torr) or the ionization gauge. A convenient pressure monitoring
system which includes both these gaunges iz the CVC Products, Inc., Modael
GIC-~300A ilcnization gauge with associated thermocouples, or equivalent.

(e) The third pressure gaunge 1is needed to accurately monitor
pressures of methyl nitrite during its preparation in the range ~0.0! to
760 torr. Fer this purpose a capacitance manometer should be used, such
as an MKS Baratroa 310 BHS-10C0 with an associated 170-6C electronics unit
and a digital readout {this particular system has =a uéable range of <0.1
to 1000 terr). While these vacuum gauges exhibit a slow zexro drift, they
can be readily re-zeroed using the ionization gauge, i.e., when the ioni-
zation gauge reads <10™3 torr.

I. Glassware foir Preparation of Methyl Nitrite

The gilassware required for the preparation ¢f methyl nitrite is shown
in Flgure 5.

o A 300-m2 three-necked flask

o A 250=-mf separating furnel with an appropriate ground glass joint.

e Two bubblers fitted with 12/5 ball and socket joints.
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Figure 5. Schematic of Glassware Assembly for Methyl Nitrite Produccion
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¢ A Pyrex trap fitted wit: tigh vacuum greaseless Tefloun stopcocks,
1) )

&2 0all and socket joint, and an "o"-ring joint (Flgure 5).
¢ Other associated glass fittings as shown in Figura 3.

Je Flowmeter

A rotameter {(Matheson 604 flowmeter or its equivalent) with a Flow
range of ~1 to 10 liter min~l 1s an effective means for controlling and
monitoring the rate of f£i1l of the reaction chamber. When not flushing a
tagt compoﬁnd inte the chamber, the £111 rate may be relatively rapid,
l1.ee, ~7=10 liter min" %, However, when a liquid or a solid needs to be
introduced into the chamber, this iIs accomplished by flushing the compound
of interest f{rom an ~Il-liter buldb or for a solid, from a pyrex tube (1/4
in o0.d) packed with the solid with puie air into the bag at a lower flow
rate, il1.e.,, ~3 liter min"l. At high flow rates the test compound may not
completely vaporize before the bag is filled). A slower flow rate still
may be useful for particularly low wvolatility compounds, though use of 1
heat gun will aid vaporization in these cases,

Rotameters are often acccmpanied by a manufacturer’s calibration
curve for air. Although this calibration curve could be used, it is
advisable to determine accurately the flow rate calibration curve, Flow
rates should be determined at geveral (at least five) rotaneter sattings
covering the flow rates to be used (i.e., 1=-10 1iter min‘i). At thesge
flow rates a wet test meter (Pracisicn Scientific Model No. 53126 or
equivalent} is preferable, although a 1000 cm3 or {preferably) a 2000 cm3
bubble flowmeter can also be used. If neither a wet test meter nor a
bubble flowmeter is available, a bubble flowmeter can be readily con-
structed Dy narrowing one end of a large glass tube (~5 cm diameter), as
shown i1n Figure 5. ‘

By adding water from a 100 cm3 volumetrie flask which has beer f£illed
to the mark and noting the water level after eacﬁ suceessive addition of
water, indelible lines car be drawn on the glass of the flowmeter at

intervals of 100 cm3

» with the flowmeter in a vertical position, and, as
shown in Figure 6, the zero line being above the narrow porticn of the
flowmeter. To the narrow ead of the glass tube a giass "T" is attached by

Iygon tubing, and the lower arm is eanclosed with a disposable plpette
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bulb. A Tygon tubing line which carries the gas 1s attached to the other
arm- of tha "IV,

The pure air should first be passed through the rotameter, and 1its
satting adjusted and noted. When using a wet test meter, measure the
plms, -, for & shangs of velume, Ve o~ a Dubble flowmetar, first squueze
the pipette bulb (containing scap soluticn, e.g., SNOOP [a registered
trade name of Nupro Company]) to start a soap bubble and again measure the
time, t, for the scap bubble to pass through a known volume V (the side-
walls of the bubble flowmeter should be well washed with soap soluticn so
that bubbles will not break). For both types of flowmeters at least three
repeat readings should be taken at each rotameter setting. The volimes ¥
should be such that the corresponding times t exceed 10 seconds. The flow
rate F (in liter min-l) is given by

V(g§3) x 80

F = T(sec) x 1000

{VII)

Re Temperature HMeasurement

A thermometer or thermoeccuple suitable for measuring the temperature
in the immediate wicinity of the reaction bag 1s required. A simple
thermometer covering thg range O to 100 C, with an accuracy of #0.1 C, is
suitable.
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SEZCTION III

EXPERIMENTAL PROTOCOL

A, Operation of Gas Handling System

The gas handling system 13 raquired for the synthesis of the methyl
nitrite and itg preparation for injection into the reactor for the rate
constant determinations. It can also be used for the injecﬁion of the
test or refersnce organics, 1iIf desired. The start=-up, shut-down and
maintenance of this system is described in this section.

l. Stazt-Tp
The following describes briefly the typlcal start-up operaticn of

the vacuum gas handling system (Figure 4).

(1) Wwith all stopcocks closed, awitch on rotary pump (A), then open
stopecock 4 and place a Dewar of liguid nitrogen around trap D. ’

{(2) Open stopecock 10 and monitor the pressure using the thermocouple
gauge (H). If the pressure is >0.1 torr, them open stopcock 5. When the
pressure as read by the thermocouple gauge (H) 15 <D.1 torr, turan on the
diffusion pump (C), open stopcocks 2 and 3 and close 4. When the
diffusion pump has reached operating temperature, the pressure in the
vacuum manifold should be <10-5
(I)e At this point the capacitance mancmeter (I) can be zerced. The

torr as read by the iomization gauge

ionizatiern gauge (I) should only be used when, as indicated by the
thermocouple gauge (H), the pressure is <10™° torr.

(3) The 7500-m1 Pyrex bulb cell (K) can now be evacuated by opening
stopcocks 9 and 11. If the bulb is at a substantial pressure, then prior
to opening ﬁhése stopcocks, the diffusion pump should not, 1f possibla, be
exposed ¢ pressures »0.1 torr to aveld degradation of the pump oil.
Rather, in this situation bulb (K) should be evacuated to <0.l torr using
the rotary pump alone, i.e., with stopcocks 2 and 3 closed and 4 open.

2. Shut-Down

The gas-handling system can be shut down by the following
procedure: (a) close stopcocks 5 to 11, (b) switeh off the diffusioen
pump, (c) when the diffusion pump is cool, close stopcocks 2 and 3 and
open 4, (d) remove the Dewar from trap (D) and‘allow it to warm up, (e)
then close stopcock 4 and switch off the rotary pump. Stopeock 1 should
then be opened, to prevent back-up of the rotary pump oil. with this
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procadure, the vacuum manifold, the trap (D) and the diffusion pump are
lefr under ra.uu.
3, Maintenance

If the wacuuwm system, including the bulb (X) [i.e., all stopcocks
. en excepi stupcocks 1, 4, 6 and 7] does not pump dowa Lo <10'a tczr,
then either a leak of contaminant offgassing problem is present. {leosing
stopcocks 11, thea 9, will give indications as to the region of the
problem, i.e., 1f, on closing stopcock § the pressurs drops, then there
pay be a leak around the “o"-ring joint on the ~500 ml bulb (X), which
then should be replaced. If, however, the pressure dreps on closing
stopeock 11 (with 9 open)} then either the bulb has a leak, or offgassing
from previcus runs is occurring. Leaks can be checked using 2 Tesla
coil. Such maintenance procedures should be routinely carried ocut om all
portions of the vacuum gas handling system. This includes changing the
rotary pump oil at frequent intervals.

B. Preparation of Methyl Nitrite
Methyl nitcrite (CH30NO) is prepared by the dropwise addition of 50%
32304 to a solution of methancol (Cﬁsoﬁ) saturated with NaNOz. For the

protocol described here, the use of ~50 ca’ of sach (50% H,S50, and sodium
pitrite saturated methaneol) is sufficient. A schematic of the apparatus
needed is shown in Figure 35 {(Section II). A solution of methanol
saturated with sodium nitrite is placed in the three-necked flask (300 wi
volume) (A). The 350X HoSO, 1s placed in the funnel (B) equipped with a
Teflon stopcock. Ultra-high purity nitrogen is passed through the flask
via inlet and outlet joints (C} and (D). Bubblers (E) and (F) contain a
saturated NaOH solution and anhydrous CaClz, respectively, while trap (G)
is firted with high wvacuum greaseless stopcocks (Kontes #K-326500 or
equivalent) and the necessary ball and socket and "o"-ring joints, as
shown. The system should be purged with a nitrogen flow for ~10 minutes
prior to commencing the dropwise additlon of stoi into the NaN02
saturated CH40H. The trap {(G) should be cooled to 196 K by means of a
Dewar filled with @ dry ice/acetone slush just prior to beginring the
reaction. The CH40ND produced is swept out of the reaction vessel by the
N, stream, any 52304 carried over is removed by passage through the NaQH
solution, and the CE3ON0—N2 stream 1s then dried by passage through the
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trap containing anhydrous CaClz. The-CH3ON0 i3 collected in the cooled
trap (G).

After the reaction has terminated, the N, flow 1s furzed off,
stopcocks 13 and 14 on the trap (G) are c¢losed, and the trap, still cooled
to dry ice/acetore temperature by the Dewar, 13 connected to the vacuum
system (Filgure 4) via the "o"-ring joint (E). The Dewar containing dry
ice/acetone 13 then replaced by a Dewar contalning liquid nitrogen.

After preparation of the methyl nitrite, as described above, the trap
{(G) is dggassed by opening stopcocks 6 and 13, with the trap still
immergsed in liquid nitrogen. After pumping down Lo <1CJ-4 torr, steopeock
13 is elosed, and the methyl nitrite can be stored indefinitely at liquid
nitrogen temperatures under vacuum, The trap (G) and Dewar should be
coverad with an oﬁaqﬁe cover {e.ge., aluminum foil) in order to aveid

photolysis of the methyl nitrite,

Ce. Experimental Procedure for the Determination of Rate Congtants for
Reaction with the Hydroxyl Radical

l. Filling the Reaction Bag
Pricor to each new experiment, the reaction bag should be

completely emptied using a metal bellows pump whose exhaust 1s expelled
into a hood. The bag should then be filled with pure air and pumped out
again to remove aany test compound or other reactants or products f£rom the
previous rum. The desired amounts of the reactants {(i.e., methyl anitrite,
ﬁO, the test compound and the reference organic) are then introduced (see
below, Sectien III.C.2), and the reaction bag is filled (i.e., visually
filled but not excessively so as to cause undue strass on the seams) with
ultra=zero alr, using a flow rate in the range of ~7-10 liter min‘l, as
monlitored by the rotameter.

The reaction bag should be kept in the dark during the injection of
the reactants, since methyl nitrite photolyzes rapidly.

2. Introduction of Initial Reactants

a. Injection of Methyl Nitrite
This protocol calls for introduction of 0=10 ppm of nethyl

aitrite into the reaction bag, depending on how rapidly this test organic
(and reference compound) react. A convenilent methed of introducing CH3ONO
is to admit the desired pressure of CH4O0NO from the trap (G) into the ~500
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cm3 Pyrex bulb (K) by gradually warming the trap until the desgirad

pressure 1s attained., The desired rressure, P, to introduce into the bulb

is given by

p(toTy) = 10-3 x [desired concentration (prm)] < [atmospheric pressure
(tore)] = [voleome of wanetion baz (liiars)])/[volume

of bulb (cm>)] (VIII)

The volume of buld (K) should be accurately measured by, for example, the
volume of water it holds. For a 3500 cm3
1.14 torr in the 300 em®
reaction bag.

The buldb (R) 1is f£irst pumped down to 510'4 torr, then with stopcocks
5, 7 and 10 closed and stopcocks 6, 9, 1l and 13 open, the liguid nitrogen

Dewar removed from trap (G), and the pressure is allowed to rise to the

bulb and a 75=-liter reaction bag,
buelb corresponds to 10 ppm {at 760 torr) in the

desired level, as read by the capacitance manometer (J). Stopeock 13 is
then closed, the liquid nizrogen Dewar replaced around trap {(G), and,
after allowing the pressurs to equilibrate, the pressure is read and
stopeock 11 is closed. The high wvacuum manifold, including trap (F), is
evacuated, 1.2. stopcocks 2, 3, 5, 7, 9, and 10 open, the rest closed.
After evacuation to glﬂ'étorr, stopcocks 5 and 10 are clesed and nitrogen
{of a stated purity level of >99.99%7) is introduced into the vacuum rack
through the molecular sieve trap (F) to attain a pressure of ~10 torr.
Stopeock 11 is then opened and the pressure ﬁf nitrogen increased to ~10
torr above the ambient satmospheric pressura. Stopcocks 8, 9 and 11 are
then closed. The bulb (K) is then attached to the reaction bag as shown
in Figure 7, stopcocks 1l and 12 are opened and the coantents of bulb (K)
flushed into the reaction bag by a monitored flew of ultra-zero air,
b. Injection of NO .
This protocoel requires the introduction of ~5 ppm of NO into

the reaction bag. For NO {and other gaseous reactants which are
commerelally available im high pressure cylinders) this 1s nmost
convenlently carried out using all-glass syringes as described below, The
volume, V, of XO or other gaseocus compound required to achileve the desired

concentration iz the reaction bag is given by:
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Figure 7. Attachment of Pyrex Bulbs to the Injection Port

29




V(cm3) = 10-3 x [desired concentration (ppm)]

x {volume of reactica bag (liters)] (I

TUsiag the rraction bag desgribed in this protocel, arproximacely (0.375 1m1
of gas are required to yield the desired concentration of 3 ppm in the
bag. To obtain such a small voluée of gas, pure NO from a high pressure
eylinder is used teo £ill a 10=-mi all=-glass gas syringe (with the syringe
being emptied and filled with NO several times to assure that dilutiom by
air is minimized), 7.5 ml of NO is then transferred from the 10-ml syringe
into a 100-mf all-glass gas syringe contalning ~92.5 mi of pure Noye Nz
rather than air must be used to dilute the NO to avoild its oxidation to
N0s>» witich will oceur relatively rapidly whea high concentratioms of HO
are mixed with 0,, For this-ﬁransfer the two syringes are connected tip-—
to=tip by ar ~0.4 in. long Tygon tube, as shown Iin Figure 8. The syringes
are pumped back and forth a few times to ensure mixing. From this 100-mf
syringe, 5.00 m% is then taken in the 10-m% syringe and injected into an
~l-liter bulb modified as shown (Figure 9), which as been pre-flushed with
pure air for 25 minutes. The contents of this closed l-liter bulb are
then flushed Into the reaction bag with pure air.
c. Injection of Test Compound and Reference Organic

Concentrations of the test compound and reference organic
used in the development of this protocol have been in the range of 0.5 to
2 ppm by volime. The following protocol details the introduction of a
cenpound to yield a coﬁcentration of ~1 ppm in the reactioﬁ bag.  The
specific technique employed depends on whether the compound is gaseous,
liquid; or solid az ropom temperatures.

(1) Gaseous Compounds

If the test compound or reference organic is gasaous at
room temperature, it can be Injected either using a gas handling system as
described above <for methyl unitrite, or wusing all glass syringes as
described above for NO. TFor most compounda, the latter technique is more
convenient, If ! ppm of the compound in the reaction bag is desired, then
1.00 m? of the diluted compound in the 100-mf syringe is injected into the
~1l-liter bulb rather than the 5.00 =% as described above for NO. In

addition, pure air rather than N, can be usad as the dlluent gas.
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Figure 9. Design cf Pyrex Bulb for Injecticn of Gaseous
or Liquid Compounds




(2) Liquid Compounds

If the %test ccwpound or reference organic is a liguid, a

different method of injection and of calculating the amount needed is
necessarys For the reaction bag described in this protocol approximately
0.5 pul of liquid will give a concentration appropriate for an experiment
aimed at an initial concentratvion of ~1 prm, since for the liquid case:

¥ (p liters) = 10-4 x {desired conceutration (ppm)]

- [Volume of bag (liters)] x [Molecular Weight (g)}]

()
[Density (g cm 2)] x 2.46

at room temperature.

The calculated [see equation (X) above] amount of the ligquid test
compound 1s then injected into a 1= bulb, modified as shown in Figure 9,
which has been preflushed with pure air into the hood for 25 minutas. The
dosad 1-% buld i3 then attached to the reactor as shown in Figure 7 and
its contents are then flushed into the bag with pure air at a knowo flow
rate, which should be ~3.5 liter min~! for a more volatile liquid or less
(~1=2 liter min-l) for a nonvolatile ligquid. Evaporation of the lower
volatility liquids may be aided by gentle use of a heat gun to warm the 1-
liter buld (taking care not to pyrolyze the cowmpound). If heat must be
applied, any tendency of a cémpoun@ to air oxidize or polymerize will lead
to low ﬁolatility residues and hence errors when carrying out liquid
injections. The compounds should,' if such problems aze known to be
likely, be first distilled by conventional means, i.e., vacuum distilla-
tion with liquid nitroéen trapping, vapor transfer from trap-to-trap at
dry ice temperature, or by distillation at atmospheric or subatmospheric
pressure and N, rather than air should be used as the flush gas.

(3) Solid Compounds |

If the test or reference compound is a2 so0lid at room

temperature, the desired mass (m) of compound te inject is given by

- [desired concen~- x [volitme of x [molecular weight

n(g) = 107 x tration {ppm) ] _ bag g%i;ers)} {g)]

(XD
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If the compound has a melting point below ~50 C, 1s relatively wvolatile,
and is kmown fo be stable above its melring peint, it can He injected in a
manner analogous to that described above for liquids. In this procedurs,
the desired, weighed amount of compound is placed Irn the 1-Iliter buld
showu .1 Figuze ", shich has been previously ficshed with No» tie Yuld is
attached to the reactor as shown in Figure 7, t'ie compound is caraefully
heated with a heat gun until it melts, and thenm it i1s £flushed into the
Teactor.

For solid compounds for which the above method is not suitable, an
alrernate technique nust be emploved. Tn this method, 2 3 te 6~in. x
0.25=in. 0.4, Pyrex tube 13 loosely packed with the compound, which is
held in place with Pyrex woel. Tasts should be carried out to assure that
uone of the solid compound is blown from the tube when air flows through
i at ~2 liter min—l. The tube 1s then attached to 2 simple dilution
aystem as shown in Figure 10, wﬁich is ic turn attached to the reactor.
The compound iIs injected inte the reactor by flushing the tube with
ultrahigh purity air at a controlled rate in the range of 1-2 liter min"l
for the necessary amount of time to achleve the desired concentration in
the reactor, with the diluent £low being at least a factor of 2 higher.
The tube should not be heated. The diluent 12 necessary to aveid expesure
of the injection inlet tube to the test organic at 1is vapor prassure,
which may result in condensation. If the compoundis wapor prassure ag
room temperature Is knowm, the length of time to flush a desired quantity
into the chamber is given,by:

time _ 107°

x [desired concentration (ppm)] x [volime of bag {(liter)]
min)

[vapor pressure {(atm.)] x [flow rate (liter min-l)]

(X1ID)

I£ the compound’s vapor pressure is not known, the time required to obtain
a given reactant concentration Iin a given volume at a given flow rate will
need to De determined experimentally. To avoid contamination of the reac—
tor, a different reaction bag should be used for these trial injections
than' uvsed 1in the reactivity expariments, unless it iIs known that the
amounts injected in the trials will be less than those regquired for the

reactivity experiments., Ultrazeros air should be uged as both the flush
and the diluent gasg.
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If the cowmpound is relatively nonveolatile, the amount of alr used to
injest it gpay be ¢omparable to the bag volume, so0 ia these czaes the reae-
tor should be nearly empty pricr to the injection of the organic. This
protocol 1s pet Iuntended for wvse for compounds whose vapor pressure Is
legs than ~.J ppm {~C.01 torr:; since it would not be possibli Lo Js< Lais
technique to achiewve conecentrations of ~1=2 ppm in the reaction bag.

3. Pre=Irradiation Analyses

When the reactants have been Iinjected in the reaction bag and
mixed, the concantrations of the test compound and the reference organic
are derermined. ‘The discussion iIn this and in the following section is
based on gas chromatography being employed for the analysis of these
spacilas. Analogous considerations apply 1f other analyticsl techniques
are employed.

Samples for amalyses by gas chromatography are conveniently taken by
a 100-m%f all-glass, gas-tight syringe. The syringe 1s £lushed by
withdrawing and expelling 100 m? of the gas to be sampled two or three
times prior to taking the sample for analysis. While the data analysis
does not gtrictly require absolute concentrations [equatiomns (V) and (VI)
in Section I involve only -relative concentrations], the gas
chromatograph(s) should, if possible, be calibrated for the test compound
and reference organie. A nmipimum of three gas chromatographic samples
should be analyzed prior to turning on the lamps.

Based upon literature results, the reproducibiliry of these analyses
will depend on the particular organlic compounds being studied. A
reproducibility of *2% should be aimed a2t, and this can be achileved for
the gcg alkanes and the smaller alkenes. For other classes of compounds,
such as organics of low volatility or organics which zend to be adsorbed
on the reaction walls, an analytical reproducibiliry of only £3% may be
achlevable. The mianimum rate constant measurable with this protocecl is
directly related to this analytical reproducibility. Thus with a
reproducibility ef $2%, the lowest rate constants which can be measured
will be ~3 x 10°%° om® wmolecule™! gec”l. For lower analytical
zeproducibilities, only higher rate constants can be measurad. Clearly,
for fast reacting organics with rate comstants 21 x 10731 cm3 molecule-l

sec'l, an analytical reproducibility of ~x5% is adaquate.
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If the first two analyses agree to within the necessary
reproducibility, then immediately after.the third sample is taken from the
raaction bag, the lamps can be turned on. If the first two analvses
disagree by more than the expected reproducibility, then £further samples
ghould be takem until duplicate analyses ars reproducible, In between gas
chromatographic sampling, the NO—NOx and 03 monitors should be sampling
from the reaction bag, and their outputs displayed on stripchart
Tecorders. Bafore beginning monitoring £from the bag, these analyzers
should be allowed f£o warm up aceording to the manufacturer’s
gpecifications. Teflon sampling lines (l1/4 in. o0.d.) should be used
between the bag and the 04 and NO-NO_ menitors in order to aveld losses
experienced with, for example, Tygom or nylon tubing. The first three to
five minutes sampling should be neglected siﬁce initial flushing-of the
sample lines 1s needed.

&, Irradiation Procedurs

When stable concentration readings have been established (see

above), the desired number of 2lamps are turmed on, together with the
cooling fan., The temperature beside the reaction bag should be monitored
during the {irradiation. Samples are taken for analysis as often as
possible, If gas chromatography 1s employed for these analyses, this is
constrained by the retention times of the test compound and the reference
organic. 04 and NO-NO, monitoring should be carried out between
sampling. Sampling for gas chromatographic analysis of the test compound
and the reference orgénic must be carried out simultanecusly.

‘With the protocol developed here, the irradiation . should be
terminated, and the last analytical samples taken, after ~30 minutes for
full light inotemsity, ~45 minutes for two-thirds maximum light intensity
or ~60-90 minutes for one-third maximum light intensity. Since it is
preferable to have two to four analyses during the irradiation, the
optimum light intensity is then determined by the gas chromategraphie
retention times. As an example, Figure 11 shows a typical set of gas
chromateograms for an n—butane + propene system, for which analyses were
- carried out every 15 minutes during the 45 min irradiation. In Figure 12,
an example of the OH radical concentration as a function of time, derivad

from such analyses, is showa.
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For ccxzpounds whish 2re suspecred of reacting rapidly with OH
radicals, the Iirradiations should be carried oot with one-third light
intensity and low {~4 9ppm) concentrations of CE3OHO, with short

Fl —

irradiaiices €1~ {3 e cieot o'l casae, ovis poe anearsis wlll
probably be abia 2o e carcled caon for each irradiaticon, and a larger
nmber of irradiations will be necessary (See, for examﬁle, Atkinson and
Aschmann 1984).

For organics which exhibit an absorption spectrum in the actinic
region with a sigodificant photolysis rare {(Pitts et al. 1981), at least
three sets of irradiations should be carried out, with CE,0KC
concentrations of 0, ~5 ppm and ~15 ppm. Three concentrations are
necessary because the origin cannot be used a2s a point in plots of
equation (V). For organiecs which do not photolyze, at least two sets of
irradiations should be carriad out with CE3ONO conceatrations of ~5 and
~10 ppm.

5. Safety Considerations

Tull safery precautions ccnsistent with the known or unknown
toxiec, mutagenic or carcinogernle hazards of the test compounds must be
taken. If the test compound is known to be hazardous or toxie, or i1f
there is a reasocn to believe that it is, then handling should be carried
out in a hood with disposable gloves, and 1if the compound 1s a liquid iz
should be ‘measured using a variable micropipette with disposable tips.
Used gloves and tips shoﬁld be disposed of according to safety regula-
tions. If the toxicity of a 1liquid compound is not a problem, a 10 pi
capacity Hamilton liquid syringe may De used, but it should be cleared
imnediately after use by altermately drawing in and expelling methanel or
some other app;og:riate solvent five zo ten times and then completely dry-
‘ing it by flowing. dry nitrogen or pure air through the body of the
syringe. Similar precautions should be taken with hazardous or toxic
gases or solids. Obviously, i1f the hazards or toxicological characteris—
tics of a compound are not known, then the compounds should be treated as

if they are known to be hazardous or toxic.

D. Data Analysis

The concentrations of the test compound and reference organic, as

determined by gas chromatography or some other suitable analytical
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technique, are used to plet equation (V). An example of a plot of
equation (V) is shown in Figure 13 Zor irradiations <f three hydrocarborns
and ethane. Teast squaras analyses of the slopes of these plots yield the
rate constants ratios klsz. The intercept with these compounds is zero
since they do not photodisseciate, but an intarcept i1s observed if the
compound photedissociates or undergoes a light=-induced wall loss.

The rate constant, Kkj, can then be calculated from the slope of
equation (V) and the Lknown value of kz, the rate constant for the
reference compound. This rate constant can then be used to classify the
atmospheric reactivity of the test compound. In particular, its rate
constant can be compared with those for other organics to determine where
it firs relative to those on the reactivity scale. TFor example, if it is
determined‘that compounds which react slower than ethane can be gonsidered
to be unreactive, then if the wvalue of kl 3o determined 1s less than 2.75
x 10-13 cm3 molecule'l sec-l, the OH rate constant for ethane (Atkinson,
1985), then the test compound can be considered to be unreactive by this

criterion.,

E. Reference Organics

‘These organics are chosen for ease of analyses and must have
accurately known OH radical rate constants. They should not photolyze
and, preferably, they should not react with O3 or NO3 radicals. If the
reference compound doesﬁreact.with 03 or NO, radicals, care should be
taken to assur: that sufficiently high levels of NO are present during the
experimental rTuns to suppress the levels of these species. In éddition,
the OH radical rate constant for the raference compound should be similar
to that for the test compound, preferably to within a factor of two to
three. Table ] gives a list of recommended reference organics, together

with thelr OH radical reaction rate constants at room temperature.

F. Information to Be Reportad

A report of the results should iInclude for each test compound the
following:
a. The compound’s name, formula and physical properties (boiling and

melting peoints).
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Table 1. List of Several Organics for Which Accurate QH Radical Rate
Constants are Avallable, and Which do not Fhotclyze
1012 x 02
Organic (cm3 molecule™! sec™1)2
Ethane 0.28
n—Butane 2.3
Cyclohexane 7.4
Ethene 8.5
Propene b 26
2—Hethyl-g—butene 87
Isoprene 100

34t 298 R, from Atkinson (1985).

Prhese compounds react with 04 (Atkinson and Carter 1984) an
are not sultable as reference compounds unless NO is in large
excess of 0ae (This 1s generally true with short reacticn
times when excess NO 1s added.)

b.

Ce
d.

2.

Thelchemical's physical form used during injection (gas or liquid
at room temperature), method of purification and-purity including
analysis of impuricies).

The temperature during each run,

The name and formula of the reference organic used and the rate
‘constant, kz, used ia the data analysis,

The initial concentrations of the reference organic and test
compounﬁ, NO and CH3ONO.

An indication of the analytical technique{s) employed for the
test and reference compounds.

The daca obtained (i.e., the concentrations of the reference
organic and test compound prior to and during irradiztion, and
the wvalues of (t-to)-l ln{irefarence organie], /lreference
organic] ) and (t—t:o)—l ln{[test compound]tO/ItESt coé%ound]t).
Plots of equation (V) or, if the test compound does not
photolyze, equaticn {(VI).

The value of kl/kz and hence of kl determined by least squares

analysis from such a plot.
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j. A discussion <c¢f any special problems encountered in the
experiments ewmploying the test compound;, or zny special
procedures which had to te employed, and the results of any
mpesimentsl tosts which migrhr refloct om i st.c11;'*cy of the

vrlue ¢i kl obtained.
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