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In this chapter, the legal requirements for consumer products are presented, 
including the texts of the most relevant sections of the Health and Safety Code. 

401 INTRODUCTION 

The California Legislature passes laws, called statutes, that authorize Executive 
branch agencies (such as the Air Resources Board) to implement laws through 
regulations pursuant to the directives of the statutes. 

A history of the regulation of Consumer Products is provided in Section 106 of 
this Manual, including the 10 additional categories approved by the ARB on 
January 9, 1992, and by the Office of Administrative Law on December 7, 1992. 
Regulations adopted by the Air Resources Board (ARB) are found in the California 
Code of Regulations (CCR). Each regulation cites specific sections of the Code as 
authority and as references. The codes cited by the ARB for Consumer Products 

( regulations include applicable sections of the Health and Safety Code (HSC). 

HSC Section 41712 gives the ARB authority to regulate Consumer Prod
ucts. CCR Sections 94500-94517 are also presented, in chapter 3. These 
regulations are in effect and important to review. Applicable authority for air 
pollution control districts is also cited because it may be germane, however, the 
ARB has primary authority for consumer products: 

1. To routinely sample and test products for compliance, 
2. To conduct related enforcement activity, and 
3. To develop test methods to assure compliance with VOC limits. 

District regulations for manufacturers may refer to: 

1. Permits to Construct 6. Fugitive dust 
2. Permits to Operate 7. Nuisances procedures 
3. Particulate matter 8. Breakdown and variance 
4. Visible emissions 9. New source performance standards(NSPS) 
5. Combustion emissions 

Authority 
to Regulate 
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402 HEALTH AND SAFETY CODE 

As the basis for California Air Pollution Control Laws, the texts of these rel
evant California HSC Sections follow, in the same order: 

39000 Legislative Findings - Environment 
39001 Legislative Findings - Agency Coordination 
39002 Local and State Agency Responsibilities 
39003 ARB Responsibilities 
40000 Local/State Responsibilities 
40001 Adoption and Enforcement of Rules and Regulations 
40702 Adoption of Rules and Regulations 
41509 No Limitation on Power to Abate Nuisance 
41510 Right of Entry With Inspection Warrant 
41700 No Person Shall Discharge Pollutants (Public Nuisance) 
41712 Consumer Products ROC Emissions 
42400 General Violations, Criminal 
42400.1 Negligence, Criminal 
42400.2 Document Falsification or Failure to Take Corrective Action, Criminal 
42400.3 Willfully and Intentionally Emitting an Air Contaminant 
42401 Violating Order of Abatement, Civil 
42402 General Violations, Civil 
42402.1 Negligence or Actual Injury, Civil 
42402.2 Document Falsification or Failure to Take Corrective Action, Civil 
42402.3 Civil Penalties 
42402.5 General Violations, Administrative Civil Penalties 
42403 Recovery of Civil Penalties 
42404.5 Statute of Limitations for Civil Actions 

Sections of the California Health and Safety Code (HSC): 

39000 LEGISLATIVE FINDINGS - ENVIRONMENT 

The Legislature finds and declares that the people of the State of California have 
a primary interest in the quality of the physical environment in which they live, 
and that this physical environment is being degraded by the waste and refuse of 
civilization polluting the atmosphere, thereby creating a situation which is 
detrimental to the health, safety, welfare, and sense of well-being of the people 
of California. 
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39001 LEGISLATIVE FINDINGS - AGENCY COORDINATION 

The Legislature, therefore, declares that this public interest shall be safeguarded 
by an intensive, coordinated state, regional, and local effort to protect and 
enhance the ambient air quality of the state. Since air pollution knows no 
political boundaries, the Legislature declares that a regional approach to the 
problem should be encouraged whenever possible and, to this end, the state is 
divided into air basins. The state should provide incentives for such regional 
strategies, respecting, when necessary. existing political boundaries. 

39002 LOCAL AND STATE AGENCY RESPONSIBILITIES 

Local and regional authorities have the primary responsibility for control of air 
pollution from all sources other than vehicular sources. The control of vehicular 
sources, except as otherwise provided in this division, shall be the responsibility 
of the State Air Resources Board. Except as otherwise provided in this division, 
including, but not limited to, Sections 41809, 41810, and 41904, local and re
gional authorities may establish stricter standards than those set by law or by the 
state board for nonvehicular sources. However, the state board shall, after hold
ing public hearings as required in this division, undertake control activities in any 
area wherein it determines that the local or regional authority has failed to meet 
the responsibilities given to it by this division or by any other provision of law. 

[Note: As stated in Section 401 "Introduction," the ARB has the pri
mary authority given by Section 41712 to regulate consumer products.] 

39003 ARB RESPONSIBILITIES 

The State Air Resources Board is the state agency charged with coordinating 
efforts to attain and maintain ambient air quality standards, to conduct research 
into the causes of and solution to air pollution, and to systematically attack the 
serious problem caused by motor vehicles, which is the major source of air 
pollution in many areas of the state. 

40000 LOCAUSTATE RESPONSIBILITIES 

The Legislature finds and declares that local and regional authorities have the 
primary responsibility for control of air pollution from all sources, other than 
emissions from motor vehicles. The control of emissions from motor vehicles, 
except as otherwise provided in this division, shall be the responsibility of the 
state board. 
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40001 ADOPTION AND ENFORCEMENT OF RULES AND REGULATIONS 

(a) Subject to the powers and duties of the state board, the districts shall adopt and 
enforce rules and regulations to achieve and maintain the state and federal ambi
ent air quality standards in all areas affected by emission sources under their 
jurisdiction, and shall enforce all applicable provisions of state and federal law. 

(b) The rules and regulations may, and at the request of the state board shall, 
provide for the prevention and abatement of air pollution episodes which, at 
intervals, cause discomfort or health risks to, or damage to property of, a signifi
cant number of persons or class of persons. 

(c) Prior to adopting any rule or regulation to reduce criteria pollutants, a district 
shall determine that there is a problem that the proposed rule or regulation will 
alleviate and that the rule or regulation will promote the attainment or mainte
nance of state or federal ambient air quality standards. 

40702 ADOPTION OF RULES AND REGULATIONS 

A district shall adopt rules and regulations and do such acts as may be necessary 
or proper to execute the powers and duties granted to, and imposed upon, the 
district by this division and other statutory provisions. 

41509 NO LIMITATION ON POWER TO ABATE NUISANCE 

No provision of this division, or of any order, rule, or regulation of the state 
board or of any district, is a limitation on: 

(a) The power of any local or regional authority to declare, prohibit, or abate 
nuisances. 

(b) The power of the Attorney General, at the request of a local or regional 
authority, the state board, or upon his own motion, to bring an action in the 
name of the people of the State of California to enjoin any pollution or nuisance. 

(c) The power of a state agency in the enforcement or administration of any 
provision of law which it is specifically permitted or required to enforce or 
administer. 
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(d) The right of any person to maintain at any time any appropriate action for 
relief against any private nuisance. 

41510 RIGHT OF ENTRY WITH INSPECTION WARRANT 

For the pwpose of enforcing or administering any state or local law, order, 
regulation, or rule relating to air pollution, the executive officer of the state 
board or any air pollution control officer having jurisdiction, or an authorized 
representative of such officer, upon presentation of his credentials or, if neces
sary under the circumstances, after obtaining an inspection warrant pursuant to 
Title 13 (commencing with Section 1822.50), Part 3 of the Code of Civil Proce
dure, shall have the right of entry to any premises on which an air pollution 
emission source is located for the pwpose of inspecting such source, including 
securing samples of emissions therefrom, or any records required to be main
tained in connection therewith by the state board or any district. 

41700 NO PERSON SHALL DISCHARGE POLLUTANTS 
(PUBLIC NUISANCE) 

Except as otherwise provided in Section 41705, no person shall discharge from 
any source whatsoever such quantities of air contaminants or other material 
which cause injury, detriment, nuisance, or annoyance to any considerable 
number of persons or to the public, or which endanger the comfort, repose, 
health, or safety of any such persons or the public, or which cause, or have a 
natural tendency to cause, injury or damage to business or property. 

42400 GENERAL VIOLATIONS, CRIMINAL 

(a) Except as otherwise provided in Section 42400.1 or 42400.2, any person who 
violates any provision of this part, or any order, permit, rule, or regulation of the 
state board or of a district, including a district hearing board, adopted pursuant 
to Part 1 (commencing with Section 39000) to Part 4 (commencing with Section 
41500), inclusive, is guilty of a misdemeanor and is subject to a fine of not more 
than one thousand dollars ($1,000) or imprisonment in the county jail for not 
more than six months, or both. 

(b) If a violation under subdivision (a) with regard to the failure to operate a 
vapor recovery system on a gasoline cargo tank is directly caused by the actions 
of an employee under the supervision of, or of any independent contractor 

(HSC) 
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Criminal 
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working for, any person subject to this part, the employee or independent con
tractor, as the case may be, causing the violation is guilty of a misdemeanor and 
is punishable as provided in subdivision (a). That liability shall not extend to 
the person employing the employee or retaining the independent contractor, 
unless that person is separately guilty of any action violating any provision of 
this part. 

(c) The recovery of civil penalties pursuant to Section 42402, 42402.1, 42402.2, 
or 42402.3, precludes prosecution pursuant to this section for the same offense. 
When a district refers a violation to a prosecuting agency, the filing of a criminal 
complaint is grounds requiring the dismissal of any civil action brought pursuant 
to this article for the same offense. 

(d) Each day during any portion of which a violation of subdivision (a) occurs is 
a separate offense. 

42400.1 NEGLIGENCE, CRIMINAL 

(a) Any person who negligently emits an air contaminants in violation of any 
provision of this part or any rule, regulation, permit, or order of the state board or 
of a district pertaining to emission regulations or limitations is guilty of a misde
meanor and is subject to a fine of not more than fifteen thousand dollars ($15,000) 
or imprisonment in the county jail for not more than nine months, or both. 

(b) Any person who owns or operates any source of air contaminant in violation 
of Section 41700 which causes actual injury, as defined in paragraph (2) of 
subdivision (d) of Section 42400.2, to the health or safety of a considerable 
number of persons or the public is guilty of a misdemeanor and is punishable as 
provided in subdivision (a). 

(c) Each day during any portion of which a violation occurs is a separate offense. 

(d) The recovery of civil penalties pursuant to Section 42402, 42402.1, 42402.2, 
or 42402.3. precludes prosecution pursuant to this section for the same offense. 
When a district refers a violation to a prosecuting agency, the filing of a criminal 
complaint is grounds requiring the dismissal of any civil action brought pursuant 
to this article for the same offense. 
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42400.2 DOCUMENT FALSIFICATION OR FAILURE TO TAKE 
CORRECTIVE ACTION, CRIMINAL 

(a) Any person who emits an air contaminant in violation of any provision of 
this part, or any order, rule, regulation, or permit of the state board or of a 
district pertaining to emission regulations or limitations, and who knew of the 
emission and failed to take corrective action within a reasonable period of time 
under the circumstances, is guilty of a misdemeanor and is subject to a fine of 
not more than twenty-five thousand dollars ($25,000) or imprisonment in the 
county jail for not more than one year, or both. 

(b) For purposes of this section, "corrective action" means the termination of the 
emission violation or the grant of a variance from the applicable order, rule, 
regulation, or permit pursuant to Article 2 (commencing with Section 42350). If 
a district regulation regarding process upsets or equipment breakdowns would 
allow continued operation of equipment which is emitting air contaminants in 
excess of allowable limits, compliance with that regulation is deemed to be 
corrective action. 

(c) Any person who, knowingly and with intent to deceive, falsifies any docu
ment required to be kept pursuant to any provision of this part, or any rule, 
regulation, permit, or order of the state board or of a district, is guilty of a 
misdemeanor and is punishable as provided in subdivision (a). 

(d) (1) Any person who owns or operates any source of air contaminants in 
violation of Section 41700 which causes actual injury to the health or safety of a 
considerable number of persons or the public, and who knew of the emission 
and failed to take corrective action within a reasonable period of time under the 
circumstances, is guilty of a misdemeanor and is punishable as provided in 
subdivision (a). 

(2) As used in this subdivision, "actual injury" means any physical injury 
which, in the opinion of a licensed physician and surgeon, requires medical 
treatment involving more than a physical examination. 

(e) Each day during any portion of which a violation occurs constitutes a sepa
rate offense. 

(HSC) 
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(f) The recovery of civil penalties pursuant to Section 42402, 42402.1, 42402.2, 
or 42402.3, precludes prosecution pursuant to this section for the same offense. 
When a district refers a violation to a prosecuting agency, the filing of a criminal 
complaint is grounds requiring the dismissal of any civil action brought pursuant 
to this article for the same offense. 

42400.3 WILLFULLY AND INTENTIONALLY EMITTING AN AIR 
CONTAMINANT 

(a) Any person who willfully and intentionally emits an air contaminant in viola
tion of any provision of this part or any order, rule, regulation, or permit of the state 
board or of a district, pertaining to emission regulations or limitations is guilty of a 
misdemeanor and is subject to a fine of not more than fifty thousand dollars 
($50,000) or imprisonment in the county jail for not more than one year, or both. 

(b) The recovery of civil penalties pursuant to Section 42402, 42402.1, 42402.2, 
or 42402.3 precludes prosecution pursuant to this section for the same offense. 
When a district refers a violation to a prosecuting agency, the filing of a criminal 
complaint is grounds requiring the dismissal of any civil action brought pursuant 
to this article for the same offense. 

42401 VIOLATING ORDER OF ABATEMENT, CIVIL 

Any person who intentionally or negligently violates any order of abatement 
issued by a district pursuant to Section 42450, by a hearing board pursuant to 
Section 42451, or by the state board pursuant to Section 41505 is liable for a 
civil penalty of not more than twenty-five thousand dollars ($25,000) for each 
day in which the violation occurs. 

42402 GENERAL VIOLATIONS, CIVIL 

(a) Except as otherwise provided in subdivision (b) or in Section 42402.1, 
42402.2, or 42402.3, any person who violates any provision of this part, or any 
order issued pursuant to Section 42316, or any order, permit, rule, or regulation 
of a district, including a district hearing board, or of the state board issued 
pursuant to Part 1 (commencing with Section 39000) to Part 4 (commencing 
with Section 41500), inclusive, is strictly liable for a civil penalty of not more 
than one thousand dollars ($1,000). 
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(b) (1) Any person who violates any provision of this part, any order issued 
pursuant to Section 42316, or any order, permit, rule, or regulation of a district, 
including a district hearing board, or of the state board issued pursuant to Part 1 
(commencing with Section 39000) to Part 4 (commencing with Section 41500), 
inclusive, is liable for a civil penalty of not more than ten thousand dollars 
($10,000). 

(2) Where a civil penalty in excess of one thousand dollars ($1,000) for each 
day in which the violation occurs is sought, there is no liability under this subdi
vision if the person accused of the violation alleges by affirmative defense and 
establishes that the violation was caused by an act which was not the result of 
intentional or negligent conduct 

(c) Each day during any portion of which a violation occurs is a separate offense. 

( 42402.1 NEGLIGENCE OR ACTUAL INJURY, CIVIL 

{a) Any person who negligently emits an air contaminant in violation of this part 
or any rule, regulation, permit, or order of the state board or of a district pertain
ing to emission regulations or limitations is liable for a civil penalty of not more 
than fifteen thousand dollars ($15,000). 

(b) Any person who owns or operates any source of air contaminants in violation 
of Section 41700 which causes actual injury, as defined in paragraph (2) of subdi
vision (d) of Section 42400.2, to the health or safety of a considerable number of 
persons or the public is liable for a civil penalty as provided in subdivision (a). 

{c) Each day during any portion of which a violation occurs is a separate offense. 

42402.2 DOCUMENT FALSIFICATION OR FAILURE TO TAKE 
CORRECTIVE ACTION, CIVIL 

(a) Any person who emits an air contaminant in violation of any provision of 
this part, or any order, rule, regulation, or permit of the state board or of a 
district pertaining to emission regulations or limitations, and who knew of the 
emission and failed to take corrective action, as defined in subdivision (b) of 
Section 42400.2, within a reasonable period of time under the circumstances, is ( 
liable for a civil penalty, of not more than twenty-five thousand dollars 
($25,000). 

(HSC} 
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(b) Any person who, knowingly and with intent to deceive, falsifies any docu
ment required to be kept pursuant to any provision of this part, or any rule, 
regulation, permit, or order of the state board or of a district, is subject to the 
same civil penalty as provided in subdivision (a). 

(c) Any person who owns or operates any source of air contaminants in viola
tion of Section 41700 which causes actual injury, as defined in paragraph (2) of 
subdivision (d) of Section 42400.2, to the health or safety of a considerable 
number of persons or the public, and who knew of the emission and failed to 
take corrective action, as defined in subdivision (b), of Section 42400.2, within a 
reasonable period of time under the circumstances, is subject to a civil penalty as 
provided in subdivision (a). 

(d) Each day during any portion of which a violation occurs is a separate offense. 

42402.3 CIVIL PENAL TIES 

Any person who willfully and intentionally emits an air contaminant in violation 
of any provision of this part or any order, permit, rule, or regulation of the state 
board, or of a district, pertaining to emission regulations or limitations, is liable 
for a civil penalty of not more than fifty thousand dollars ($50,000). 

42402.5 GENERAL VIOLATIONS, ADMINISTRATIVE, CIVIL PENALTIES 

In addition to any civil and criminal penalties prescribed under this article, a 
district may impose administrative civil penalties for a violation of this part, or 
any order, permit, rule, or regulation of the state board or of a district, including 
a district hearing board, adopted pursuant to Part 1 (commencing with Section 
39000) to Part 4 (commencing with Section 41500), inclusive, if the district 
board has adopted rules and regulations specifying procedures for the imposition 
and amounts of these penalties. No administrative civil penalty levied pursuant 
to this section may exceed five hundred dollars ($500) for each violation. How
ever, nothing in this section is intended to restrict the authority of a district to 
negotiate mutual settlements under any other penalty provisions of law which 
exceeds five hundred dollars ($500). 
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42403 RECOVERY OF CIVIL PENAL TIES 
(PROCEDURES, CONSIDERATIONS) 

(a) The civil penalties prescribed in Sections 39674, 42401, 42402, 42402.1, 
42402.2, and 42402.3 shall be assessed and recovered in a civil action brought in 
the name of the people of the State of California by the Attorney General, by 
any district attorney, or by the attorney for any district in which the violation 
occurs in any court of competent jurisdiction. 

(b) In determining the amount assessed, the court, or in reaching any settlement, 
the district, shall take into consideration all relevant circumstances, including, 
but not limited to, the following: 

(1) The extent of harm caused by the violation. 
(2) The nature and persistence of the violation. 
(3) The length of time over which the violation occurs. 
(4) The frequency of past violations. 
(5) The record of maintenance. 
(6) The unproven or innovative nature of the control equipment. 
(7) Any action taken by the defendant, including the nature, extent, and time of 

response of the cleanup and construction undertaken, to mitigate the violation. 
(8) The financial burden to the defendant. 

42404.5 STATUTE OF LIMITATIONS FOR CIVIL ACTIONS 

Any limitation of time applicable to actions brought pursuant to Section 42403 
shall not commence to run until the offense has been discovered, or could 
reasonably have been discovered. 

NOTE: The Business and Professions Code, Sections 17200 and 17206 also 
apply to any practice which constitutes unfair competition. Please see the 
inspection aids at the end of Chapter 3, Compliance Assurance. 

(HSC) 
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501 INTRODUCTION 

The full text of test requirements for antiperspirants/deodorants and consumer 
products is located in Sections 94506 and 94515 Title 17 CCR, incorporated into 
Appendix D of this manual, SSD Letter, pages 11, 26, and 27. Highlights of 
those sections and several test methods are presented here. 

For help in deciding which test to use, or if none of these seems appropriate for 
a particular product, or for information about tests being developed, you may 
wish to contact staff of the ARB's Monitoring and Laboratory Division: Cindy 
Castronovo, (916) 323-0301, or Steve Giorgi, (916) 323-0668. 

Testing of antiperspirant/deodorants or consumer products for volatile organic 
compound (VOC) content to determine compliance with the provisions of the 
regulations shall be performed using one or more of the test methods pre
scribed by the regulation, including but not limited to those in the following ( 
sections of this chapter: 

Section 502 Method 24-24A, Part 60, Title 40, Code of Federal Regulations, 
Appendix A, July 1, 1988. 

Section 503 Method 18, Federal Register 48, no. 202, October 18, 1983. 

Section 504 Method 1400, NIOSH Manual of Analytical Methods, Volume 1, 
February 1984. 

Section 505 Environmental Protection Agency Method 8240 "GC/MS Method 
for Volatile Organics," September 1986. [December 1987] 

Section 506 Demonstration through calculation of the VOCs from the 
manufacturer's records of the amounts of product constituents. 

Alternative methods which are shown to accurately determine the concentra
tion of VOCtion of VOCs in a subject product or its emissions, may be used 
upon the approval of the Executive Officer. 

Other tests are addressed in Sections 94506 and 94515 Title 17 CCR, in Appen
dix D of this manual; copies may be obtained from the responsible agency: The 
AOAC Official Method of Analysis No. 932.11, 1990 "Babcock Method" for 
fragrances; ASTM D4359-90, (May 25, 1990) for liquid/solids; and SCAQMD 
Rule 117 4, (February 28, 1991) charcoal lighter materials. 

Which Test 
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Use 
? 

Other Tests 
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502 METHOD 24-24A 
PART 60, TITLE 40 

CODE OF FEDERAL REGULATIONS 
APPENDIX A 
JULY 1, 1988 

( 

( 
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Environmental Protection Agency 

McBoD 24-DczalaxATIOJf or Vot.l~ 
MAffl:ll CoJnDT, Wun Co!l'fflff, I>Dst• 
TT, Voi:.no: SoLIDa. AlfD W1:1cmr Sot.ma or 
SVUACS COAfflfGS 

l. ,tppHcabiWy .ind Principle 

l.l Appllc:abWty. Thi.a method applies to 
the determin&Uon of volatile matter con
tent, water content, density, volume sollcb. 
and weiirht sollda of paint, vamiah, lacquer, 
or related surface coatlnP-

1.2 Principle. Standard methoda are used 
to determine the volatile matter content.. 
water content, dena.lty, volume aollcb. and 
welcbt aollda o! the paint, vamiah. lacquer, 
or related aw1ace CO&tiop. 
2. A11J1licabu St4n.d.ard Met.h.DdJ 

Use the aoparatua. reacenta, aod proce
d.u-ea apecilled lo the at&D.dard method.a 
below: 

2.1 ASTM DH7~0 <Reapproved 1980>, 
Standard Test Met.hod !or Density of PaJot.. 
Vamiah. La.cquer, aod Related Produc:ta <lo• 
corporated b1' reference-Mel 50.17). 

2..2 AS'1'M D23159-31, Standard Test 
Method !or Volr.tile Content o! Coatlop 
Clocorporated b1' re!ereoce-aee I 80.17). 

2.3 AS'1'M D3711.2-711, St&ndard Teat 
Method for W&ter Content o! Water-Reduc
ible PaJota by Direct InJectlon loto a Gu 
Chrom.&toiI'llPh Clocorporated b1' re!er• 
ence-aee I 60.17). 

2.4 ASTM: D4017-81. Standard Test 
Method tor Water In Paint.a and P&int Ma.
tert&ls b1' the Karl Fl.scher Titntloo 
Method (iocorporated by re!erence-aee 
1150.17). 
3.Procal.ure 

3.1 Volatile Matter Content. Use the pro
cedure In ASI'M D2389-31 Clocorporated by 
re!erence-aee 160.17) to determine the 
volatile matter content <may loclude water) 
of the cor.~. Record the !ollow:tnc ln!or
m&t.100: 

w,.Weicbt o! dish and sample be!ore hea.t-
1.nc. e. 

w,-Weleht o! dJ.&h and sample after hea.t-
lne. e. 

w,.Sample wefeht. e. 
Run analyses 1o pa.ir:s Cdupllca.te set.al !or 
each cor.tioe until the criterion In Section 
4.3 la met.. Calculate the weleht traction o! 
the volr.tile matter CW,) !or each &nalyaJ.a u 
follows: 

W,-W, 
Eci. 24-1w. - w. 

( 
Record the a.rithmetlc aver·a1e <W,>. 

Pt. 60, App. A, Meth. 24 

3.2 Water Content.. Por waterborne 
<water reducible) coatl.no only, determine 
the welirht fractton o! W'&ter (W,.) ~ 
either "Standard Content Method Test !or 
Water of Water-Reducible Pa.Iota by Direct 
InJectioo Into a Gu Chromatocnoh" or 
"St&Dd&rd Test Method for Water ID Pa.lot 
and Paint M&teri&ll b:, Ka.rl Fbcher 
Method." <Tileae two methoda a.re lncol'l)O
rated by re!erence aee 160.17.> A water• 
borne coaUns I.a a.oy coatJ.nc which conwna 
more than 5 percent wa.ter by welcht lo lta 
volatile fraction. Run duplicate .set.a of de
termin&t1ooa uoW the criterion lo Sect1on 
-4.3 1a met. Record the arithmetic r.veraire 
(W,.). 

3.3 Cor.t.tns Density. Determine the deo
slt,. CD,. lts/llterl o! the surtace coa.tln& 
usillir the procedure lo AST?d DH7$-60 
<Reapproved 1980) (iocQrporated by re!er• 
eoce-eee t 80.17). 

Ruo duplicate Mta o! determ1n&tJoD11 !or 
each cor.tios until the criterion lo Section 
4.3 1a met. Record the &rithmetlc r.verqe 
<D.l. 

3.-4 Sollda Content.. Determine the 
volume fraction <V,) solids of the coaUnir by 
calculaUoo ualoc the maoutacturer's !ormu
lat.100. 
4. Dcit4 Val~tion Procedure 

4.1 Summary. Tile variety of coaUnp 
that may be subject to a.na.lysls makes It 
necesaary to vert!y the ability of the ana.lyst 
and the :a.na.lytlcal procedures to obtain re
producible result.a !or the coatiop tested. 
Thia la done by runnlnc duplicate ana.lyses 
oo ea.ch sample tested a.nd compa.rlo1r re
sult.a with the within-laboratory precision 
statementa for es.ch pr.rameter. Beca.use of 
the Inherent loc:reued Imprecision ID the 
determ.ln&tion of the voe content o! water• 
borne coatlnp as the weleht percent water 
lnc:reues, measured parameters !or water• 
borne coatlnp are modi!led by the appro
priate coo!ldence Um!t.s based on between• 
laboratory precision statements. 

t.l Analytlca.l Precision Statemeot.s. The 
within•la.boratory a.nd between-laboratory 
preciaion atatemeota are i1,veo below: 

Wllllin
lalloraior, 

vo1aaw man. co,-.c, w.. 1.5 pd w.- ◄ .7 pct w~ w---. w___ 2.9 pd w__ 7.5 pct w_ 
o.n.iy, 0,-----10.00111;/-- 0.00211;/IIW. 

4.3 Sample Aoa.lysls Criteria. For W. a..nd 
w _ run duplicate analyses until the di!!er• 
ence between the two values In a. set Is less 
than or equa.l to the within-laboratory pre
culon statement !or that parameter. For D, 
run dupllc:a.te analyses Wltil each value In a 
set deviates from the mean o! the set by no 
more t.han the wtthin•labora.t.ory precl.alon 

https://dupllc:a.te
https://coatJ.nc
https://coatl.no
https://Cdupllca.te
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statement. U alter MTenJ &Uempta It Is 
concluded that. the ASTM procedures 
canna, be Uled for the specific caaunc wtth 
the est&bl.llbed wtthm-l&bol"UG1"7 precision. 
the AdmiD,latrator wtll UIWDe raoomibWtY 
for onmdlns the 11ec:.aar,, procedures tor 
l'ffilmC the method or prec:lston siatement.1 
upc,a written request to: Dlreetor. Emiauon 
Stand&rda IIDd Encmeermc Dlvtaioa. <MD-
13) omce ot A1r Quality PwmJDs and 
St&Dd&rda. U.S. EnTirOnment.al Proc.eet1on 
AaeDCJ'. Raesn:ti Tr1&ac1• Par&. Ne mu. 

u Con!1dence Limit C&1c:u1&Uam tor 
Watert>orne Coattno. Baaed on the be
t'S'eell•l&boratarJ' prec:b1oa sea.cementa. caJ. 
c:ul&te the conl1clence llm.tta for wa.c.ert,onse 
c:oatm,p u follows: 

Ta c&lcw&te the lower coatldence llmlt., 
mbtnr.t:t the ai,proprur.&e betweea•labora.t.o
r-, prec:idou value from the meuured mean 
n.lue for that pan.meter. To calc:ul&C,e the 
upper coatldem:e llmit. add the aoproprtaie 
benreen-l&boruot'7 predaioa value to the 
meuured meaD value !or that pan.meter. 
For w. IIDd D. use the lower conC1dence 
Umitl. &Dd for w_ UM th• upper caat1deace 
Umit. Becawe V, la c::alculai.ed, there la no 
&d.lustment for the pan.meter. 
5.C~ 

5.1 Non.a.queous Volatile M&Ucr. 
5.1.1 Solvent-born. Coei1np, 

w.-w. 
Wbere: 
W,.,Weidlt fn.cttaa J:I.ODMIUCOU. TOlat.ile 

~.,tc. 
5.1.l Watert>onw CoeUop 

w.-w.-w.. J:,q. 2W 
5.2 Weichc:P"ract1oa Solid&. 

Wbere: 
W, - Wei&ht sollda. r/c. 

40 Cfl Ch. I (7-1-87 Edition) 

https://c::alculai.ed
https://EnTirOnment.al
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( 

i.cz::cmn, lU-Dr:XDCJu.nmr err VoI...U%1'.JI: 
lur.az Can-= .lJl'l) 'DalrI:rr a, Plalrr· 
""DlalXDAM>~~ 

l.~-4M.~ 
l.1 .Aill>lla.bfi1ty. Thia met.hod &QPlies to 
the-~· o{ the YOla.dle orp.njc 
campoimd CVOC) content and den&l.ty of. 
.oheat-borne (.aln::nt redudble) pnnttJU' 
l:c.b or~ c:oerlnp, 

U P::lndr>le. Bepan.te i;mxcdurei are 
uaed to dctermtlle the voe w~t tDct1cn 
&Dd.demity of..tb.e ~ a.ad the dcmd.ey 
at the 1101,-ent 1n tile coaanc. The voe 
wel:c!lt ~OU I.a detennlncd by r:nca.mrin&" 
tbe wcidlt loa of a. lcnown --=;,le quantlty 
wbJctl b..u been bested tor a. ,;>edf\ed 
le::icth ·of t1me at a. sped!led ~ 

( Tbc«:::11:ity o! both tbe c:oa.tmc &ad 110l'n'll.t 
an meuured by · a. lltandArd pzuoedart. 
l"ram thi.l 1marmat1on. t11e voe TOlu;n,e 
:tnw::t1aa 11 caJc:11 Ipted 

-40 Cfl Ch. I (7-1-37 Edition) 

2. Prot::t!:tivre_ 
u Weid:sLPra.c:t1cm voe. 
1.1..l .Ailpan.tus. 
U.l.l Weidlinc Dishes. Alum.mum !ofi. 

58 mm In dl.ameter by 18 mm ~·wtth•a. 
~ bottom. There must be a.t leut t.bn::e 
~ di&hcs perample. 

U.l-2 ~leSY?'in&e. 5 mL 
2.l.l...l Ana.1Yt:1cal B&la.nce. To meuu:re ta 

wttb.m 0.1.mz.. 
2..1.1.4. Oren. Va.cuum oven capable oC 

ma.Int.a.in.inc a. t.eme>en.ture o! 120=2·c a.a.d 
a.a absolute~ ot 510 :51 mm & for 
4. llour:. .Alt.erna.t1vc1Y. a. !oreed dra!t oven 
ClLO&ble o{ main~ a. tempen.QJ.re o! l.20 
:TC !or :u llour.s. 

2..1.1..5 A.m.lygis. Sha.kc or mix the sample 
tboroud1.1Y to =ure t.ll.lLt a.11 the solids &r'e 
eompletelT SUS"PCDded. L&.bcl uid weidl to 
the nesri:::rt. 0.1 mJt a weich.1Dc dl.s.h lLll.d 
record tbJ.s w~bt CM.,). 
U~ & ~ml 1:~e w1t.b.out & needle 

r=oYe a. ample o! tile ~- W~.b. the 
syri.a.ce &ad sample to the ncre:st 0.1 ~ 
Uld record this weidlt. Cl,{...,). Tn.n.ster 1 to 
3 r o! the AmPl• to the t&red we~ 
d1sb.. ~ tbe .,-rin&e a.ad u.mple ~ the 
neu,:st 0.1 ~ a.ad rcc:ard this we!zbt (J.!..n). 
B.e&t the w~ dish a.ad u.mple In a 
n.c:uum oYen a.t a.a a.baolute pr=ure o! 510 
:::51 mm & md a. tem~ o! 120 ±TC 
!or -l boaa. Alt.crn&t1vca. llcz.t t.b.e wei&:n= d1&b a.n.d. a..mi,le ID & forced dra!t oven 
a.t .a.~ o! 120 ±re !or 24. llo~ 
.Alter t.o,e wdd:l.lzlc d1ah b..u cooled. re,,,cia:.b. 
tt to the neue:st O.l m&" a.nd record the 
weiait O,C,,.). Repest Um procedure !or a. 
tow of t.b.ne determl.aat1ons !or escn 
sam;,le. 

:.:: ~ Dcmtty. Determ.J.ne tbe dcn-
11ty c! t.b.e 1nk or rea.ted 00&tm&' -=~ 
to the prccedure outllncd. In ASnd: D H7S
eo ~ 1980), wb.lcll I& tna,rpor,s.t.ed 
bT re:!e:rcx:ie. lt l.s a.n!la.ble tram the .Ame:ri
c:a.a Soc:1et7 o! T~ a.nd M1tcrial&. 1.9115 
Rxz: &:n:,ct, P?l.O.a,dc1pb.1&.. PA 19103. It.is 
&lm aflJla.bl.e !or lm:pecOon .a.t the Offlcc·o!. 
the ~ R.ca:isUr. Room &401. 1100 .L 
~ NW_ w~ DC. Thia loam»: 
n.doa by re!= wu a;,proved by the ~ 
n:c:tar of the Peden.I Reprt.er oo November 
a. lM:Z... This m.aLerUJ I.II lncor-porued a.s 11 
e::i:::b:ta cm the d:&t.e ot a.trPrcrra.l a.ad a. ootlo: 
o{ &.a.T cha.zlft In tbe:ae m&tert.a.1.1 will be 
:pu.bli&bed In tbc ~ Rzl::Isn:z. 

U Sol~t. Dc:islt7. Deu:rm.lne the~ 
ldt:r of. the 110h-ent. -cmrd:1:11" to the r>roc:e-. 

·cture oatlmcd. m AS'DC -D •l-4.75-60 C~ 
~ 1980>. J.u..ke a. tow or three c1etcr:iJ
nat1cma for esc:h ~ Report the denaitr 
D. u tbe utt.bmetlc a.~ o! tbc tbrce 
~ 

3.~ 

https://Reprt.er
https://tna,rpor,s.t.ed
https://Determ.J.ne
https://syri.a.ce
https://tboroud1.1Y
https://tempen.QJ.re
https://Bepan.te
https://den&l.ty
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Emriromn.ntal Protection Agency 

3.1 Wdctlt 1"?-a.:tion VOC. CalntJ•ce tJle 
wcidit ttM::t1an Tol&tlle ora:;uuc c:ama:i.t w. 
u.llDc the !ollowms equa.tu:m: 

w.-. 

El;. ::uA-1 

Ru,ort the Yefmt !racdoa· VQC W 
0 

Uthe 
uit.hmet1c &~ o! the three determina.
tl.o.aa. 

l.l Volume Pnct!on voe CaJn1bte the 
TOlume !n.ct1ml YOl..e.tile orp.aie a>n.tc:1t v. 
u.llDc the .t:o~ eqll&lJ.on: 

Eq.24A-2 

4.. Bibliog,uphy 

U St&ndud Test Method !or De:mtty oC 
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u.ctl. A.Sn4. Deda, ■ d"n D H75-a0 CR.ea;>
P?'O't'ed 11180l. 

U Tcleconft:rS&tian. Wrimt. Chuck. 
Inmont ~ '1171th Rdch. R. A.. 
Ra.dian- Corpors.t1mi., &gt.ember :s. 19'79. 
On.vure Int ~ 
. U Telec:cannation. ()ppenhc1CJer. 
Robert. On.V'Ur'e Rc:aearc:h lmt:tute wtth 
Burt. Rkk. R.ad..l.&.tt Corp(JI'&.don. Noft:mber 
S, l51'7i. OraTUn: .Ink...Ana.lysi&. 
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ENVIRONMENTAL PROTECTION · 
AGENCY 

40 CFR Part 60 

[AD-FRL 2297-2) 

Standards of Performance for New 
Stationary Sources; Synthetic Organic 
Chemical Manufacturing Industry; 
Equipment Leaks of voe, Reference 
Methods 18 and 22 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Final rule. 

SUMMARY: This action promulgates 
standards of performance for equipment 
leaks of Volatile Organic Compounds 
(VOC) in the Synthetic Organic 
Chemical Manufacturing Industry 
(SOCMI). The standards were proposed 
in the Federal Register on January 5, 
1981 (46 FR 1136). These standards 
implement Section 111 of the Clean Air 
Act and are based on the 
Administrator's determination that 
emissions from the synthetic organic 
chemical manufacturing industry cause, 
or contribute significantly to, &ir 
pollution which may reasonably be 
anticipated to endanger public health or 
welfare. The intended effect of these 
standards is to require all newly 
constructed, modified. and 
reconstructed SOCMI process units to 
use the best demonstrated system of 
continuous emission reduction for 
equipment leaks of VOC, considering 
costs, nonair quality health and 
environmental impact and energy 
requirements. 
DATES: Effective date: October 18, 1983. 

These standards of performance 
become effective upon promulgation but 
apply to affected facilities for which 
construction or modification 
commenced after January 5, 1981. 

Under Section 307(b)(l) of the Clean 
Air Act, judicial review of these 
standards of performance is available 
only by the filing of a petition for review 
in the U.S. Court of Appeals for the 
District of Columbia Circuit within 60 
days of t9day's publication of this rule. 
Under Section 307(b)(2) of the Clean Air 
Act, the requirements that are the 
subject of today's notice may not be 
challenged later in civil or criminal 
proceedings brought by EPA to enforce 
these requirements. 

The Director of the Federal Register 
approves the incorporation by reference 
of certain publications in 40 CFR 
effective on October 18, 191\3. . 
ADDRESSES: Background Informntion 
Documents. The background 
information document (BID) for the 

promulgated standards may be obtained 
from the U.S. EPA Library (M0-35), 
Research Triangle Park, North Carolina 
27711, telephone number (919} 541-2777. 
Please refer to "Equiprne!lt Leaks of 
VOC in Synthetic Organic Chemicals 
Manufacturing Industry-Background 
Information for Promulgated Standards 
of Perfocmance" (EPA-450/3--80--033b). 
The BID contains (1) a summary of all 
the public comments made on the 
proposed standards and EPA's 
responses to the comments, (2) a 
summary of the changes made to the 
standards since proposal. and (3) the 
final Environmental Impact Statement 
which summarizes the impacts of the 
promulgated standards. The BID for the 
proposed standards may be obtained 
from the National Technical Information 
Service, U.S. Department of Commerce, 
Springfield, Virginia 22161. Please refer 
to "VOC Fugitive Emissions in Synthetic 
Organic Chemicals Manufacturing 
Industry-Background Inform11tion for 
Proposed Standards," EPA-450/~ 
033b (NTIS PB81-152167}. The ad~li?nal 
information document (AID) descnbmg 
emissions, emission reductions. and 
costs related to equipment leaks of VOC 
may also be obtained from the National 
Technical Information Service, U.S. 
Department of Commerce. Springfield, 
Virginia 22161. Please refer to "Fugitive 
Emission Sources of Organic 
Compounds-Additional Information on 
Emissions, Emission Reductions. and 
Costs," EPA-450/3-82--010 (NTIS PB82-
217126). 

Docket. A docket, number A-79-32, 
containing information considered by 
EPA in development of the promulgated 
standards, is available for public 
inspection between 8:00 a.m. and 4:00 
p.m., Monday through Friday, at EPA's 
Central Docket Section (A-130), West 
Tower Lobby, Gallery 1, 401 M Street, 
SW., Washington, D.C. 20~60. A 
reasonable fee may be charged for 
copying. 
FOR FURTHER INFORMATION CONTACT: 
Mr. Fred Dimmick, Standards 
Development Branch, Emission 
Standards and Engineering Division 
(MD-13), U.S. Environmental Protection 
Agency, Research Triangle Park, North 
Carolina 27711, telephone (919) 541-
5578. 
SUPPLEMENTARY INFORMATION: 

Summary of Standards 
Standards of performance for new 

sources established under Section 111 of 
the Clean Air Act reflect: 
... application of the best technological 
svslcm of continuous emission reduction 
~hich (taking into consideration the cost of 
achieving such emission reduction. and nny 

non;ir quality health and ~n\'ironmcntnl 
impnct nnd energy requirements) the 
Administrator determines has been 
adequately demonstrated (Section 111(al(J)I. 

As pre;;cribed by Section 111 of the 
Clean Air Act, promulgation of these 
standards was preceded by the 
Administrator's determination (40 CFR 
60.16, 44 FR 49222, dated August 21, 
1979} that these sources contribute 
significantly to air pollution which may 
reasonably be anticipated to endanger 
public health or welfare. 

Standards of performance for 
equipment leaks of_volatile orge~ic 
com'pounds (VOC) m the synthehc 
organic chemical manufacturing 
industry (SOCMI) were proposed on 
January 5, 1981 (46 FR 1136}. 1 The 
promulgated standards apply to specific 
equipment with the potential to leak 
voe within process units operated to 
produce one or more of the organic 
chemicals listed in the standards. The 
equipment covered by the standards and 
grouped in a process unit are designated 
as the "effected facility" for determining 
applicability of the standards. A process 
unit is a group of equipment that can be 
used independently, if sufficient raw 
material and product storage capacity 
could be supplied, to produce one or 
more chemicals. Process units used to 
produce the chemicals covered by the 
standards may rnvolve chemical 
synthesis, bilological synthesis, other 
processing, or physical operations, such 
as separation. A plant may be composed 
of one or more process units. 

Valves, pumps, compressors, pressure 
relief devices, sampling systems, end 
open-ended lines in VOC services (that 
is, containing 10 percent or more VOC 
by weight) are the equipment covere~ 
by the standards. The standards require 
(1) a leak detection and repai.r pro~ra~ 
for valves in gas/vapor and hght hqu1d 
service and pumps in light liquid service: 
(2) equipment for compres~ors, sampling 
systems, and open-ended Imes; (3) no 
detectable emissions (500 ppm es 
determined by Reference Method 21) for 
pressure relief devices in gas/~apor 
sesrvice during normal operalion. In 
response to comments on the proposed 
standards, EPA is exempting from the 

1 The proposed standards referred lo fugitive 
emlssiun sources of voe a1 lhe air pollution 
emission points covered by the standards. The 
terminology fugitive emission sources can be . 
confusing. The standards apply to equipment with 
the potential tu leak voe and. therefore. the 
promulgnted standards refer to equipment leaks of 
voe ns the air pullulion emistion points covered by 
the star.dords. The Priority L11t (40 CFR 60.18) 
specifies fugitive eml1sion source, within the 
soeMI source cutcgory. Equipment leokl or voe 
Me included in fugili\·e cmiaion 1ource1 for the 
1nir1111s" nl lht• l'nurily I.isl. 
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standards fa~ilities producing less than 
1,000 megagrams (Mg) of SOCMI 
chemicals per year, facilities processing 
only heavy liquids or solids, and 
facilities producing beverage alcohol. In 
addition, the final standards provide a 
procedure for determining the 
equivalency of alternative control 
measures similar to the proposed 
procedure. 

Standards for Valves. The standards 
for valves have not substantially 
changed sl,nce proposal. They are based 
on a leak detection and repair program 
that requires (1) monthly monitoring for 
valves in gas/vapor and light liquid 
service, (2) an intitial attempt at 
repairing these valves within 5 days 
after detection of a leak, (3) repair of 
leaking valves within 15 days after 
detection of the leak unless repair would 
require a process unit shutdown, and (4) 
repair of valves during the next process 
unit shutdown after repair is delayed 
until a process unit shutdown. Valves 
found not to leak for 2 successive· 
months can be monitored quarterly until 
leaks are deleted. Monitoring of 
equipment to detect leaks is conducted 
In accordance with Reference Method 21 
and a leak is defined as a measured 
organic concentration equal to or greater 
than 10.000 parts per million by volume 
(ppmv). 

Two alternative standards have been 
provided for valves in gas/vapor and 
light liquid service in the final 
standards. These alternatives are (1) a 
limit of 2 percent of valves which may 
be leaking at any one time and (2) a 
skip-period leak detection and repair 
program for process units achievin_g less 
than 2 percent of their valves leaking. 
These alternative standards, although 
slightly different than the alternative 
standards included in the proposed 
standards, establish standards for 
owners and operators who design and 
operate low-peak process units. For low
leak process units, the costs of the 
monthly leak detection and repair 
program is unreasonably high in 
comparison to the emission reductions .. 

Standards for Pumps. The final 
standards include a leak detection and 
repair program that requires (1) monthly 
monitoring of pumps in light liquid 
service, (2) weekly visual inspections of 
the seals on pumps in light liquid 
service, (3) an attempt at repairing a 
PUl'l'p within 5 days after detection of a 
leak, and (4) repair of a leaking pump 
within 15 days after detection of a seal 
failure or leak unless repair would 
require a process unit shutdown. Pumps 

( that have repair delayed until a process 
unit shutdown must be repaired during 
the next process unit shutdown. If a 

pump cannot be repaired without the 
use of dual seals and barrier fluid 
systems or vented seal areas, a delay of 
repair is allowed to install the 
equipment. In this case, an owner or 
operator must install the equipment as 
soon as practicable but may take no 
lonser then 6 months. · 

The proposed standards required the 
use of equipment. The use of equipment 
reduces more emissions than the 
monthly leek detection and repair 
program. Even though the standards 
have changed, pumps in light liquid 
service alternately could use the 
equipment specified In the proposed 
standards and, thereby, not be required 
to implement the monthly leak detection 
and repair program. 

Standards for Compressors. The 
standards have not changed since 
proposal and require compressors to be 
equipped with seals having a barrier 
fluid system that prevents leakage of the 
process fluid to the atmosphere. Tne 
system must: (1) Use a barrier fluid that 
is something other than a light liquid or 
gaseous VOe; (2) either operate at a 
pressure greeter than the compressor 
seal area pressure, or be equipped with 
a barrier fluid degassing reservoir 
connected by a closed vent system to a 
control device; and (3) be equipped with 
a sensor so that seal failures may be 
detected. When seal failure is detected, 
repair is required within 15 days unless 
repair would require a process unit 
shutdown. An initial attempt at repair is 
required within 5 days. lf a compressor 
is equipped with a closed vent system to 
transport leakage from the seal to a 
control device, it is exempt from the 
above requirements. 

Certain reciprocating compressors 
covered by virtue of modification and 
reconstruction may be exempt from the 
requirements for compressors. Some 
existing compressors are not designed to 
use the equipment required by the 
standards. For these compressors either 
new compressor or a new distance-piece 
would be required before compliance 
with the standards could be achieved. 
The cost impact of installing the 
req1Jired control equipment on these 
existing compressors is unreasonable. 
These compressors will be exempt from 
the standards until they are replaced by 
new comp1essors or the distance pieces 
are replaced. 

Standards for Sampling Connections. 
The standards require that voe purged 
from sampling connections be recycled 
to the process by a closed sampling loop 
or that these VOC be collected in a 
closed collection system for recycle or 
disposal without voe emission to 
atmosphere. In-situ sampling systems 

are exempt from these requirements. 
Thes'.l standards have not changed since 
proposal. 

Standards for Open-ended Lines. The 
standards require that: (1) Open-ended 
lines be sealed with a second valve. cap. 
blind flange or plug except when the 
open-ended line is in use: and (2) if a 
second valve is used, the valve on the 
process side be closed first to avoid 
trapping voe between the valves. 
These standards have not changed since 
proposal . · 

Standards for Pressure Relief 
Devices. The standards require that: (1) 
Pressure relief devices have "no 
detectable emissions" of voe except in 
cases of overpressure relief: and (2) after 
each overpressure relief. pressure relief 
devices be returned to a state of no 
detectable emissions within 5 days. 
These standards have not changed since 
proposal. As noted in the preamble to 
the proposed standards, pressure relief 
devices are one of the few fugitive 
emission sources for which a 
performa·nee standard can be 
established. There ere a variety of 
alternative ways of complying with this 
standard. "No detectable emissions" of 
voe. in this case. means 500 ppm or 
less above the background level es 
measured by Reference Method 21. 

Standards for Control Devices. The 
standards include requirements for 
control devices used ill conjunction with 
control of equipment leaks. The 
standards require: (1) That vapor 
recovery systems be designed and 
operated for at least 95 percent control; 
(2) that enclosed combustion devices be 
designed and operated to.provide a 
minimum· residence time of 0.75 seconds 
at a minimum temperature of 816"e or to 
achieve 95 percent reduction; and (3) 
that flares (a) be operated with no assist 
or with air or steam assist, (b) be 
designed and operated with no visible 
emissions except for periods of time not 
to exceed 5 minutes in any 2-hour 
period, (c) be operated with a flame 
present, and (d) meet other operational 
requirements including maximum exit 
gas velocities and minimum heafconterit 
values. Flares have been added to the 
approaches for achieving the standards 
since proposal. Otherwise, the 
standards for control devices have not 
changed since proposal. 

Miscellaneous Provisions. Flanges, 
pressure relief devices in liquid service, 
equipmer.t operating at sub<!tmospheric 
pressures, and ell equipment 
components in "heavy liquid" voe 
service are excluded from the routine 
monitoring requirements of the proposed 
standards. Heavy liquids are defined as 
voe liquids with vapor pressures less 
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than 0.3 kilopascals at 2o•c. Even 
though the standards do not require 
monitoring these equipment for leuks, 
the standards require VOC' leaks which 
ere visually or otherwise detected from 
these equipment to be repaired within 15 
days if a leak is confinned using 
Reference Method 21. This provision 
improves current industry housekeeping 
practices for these pieces of equipment. 

Under Section 111(h)(3), any person 
may request the Admini11tretor to permit 
the use of an alternative means of 
emission limitation instead of e design, 
equipment, work practice or operational 
standard. The Administrator_ will permit 
the use of such alternative means if the 
Administrator determines, after notice 
and opportunity for a public hearing, 
that it will achieve emission reductions 
at least equivalent to those required by 
the design, equipment. work practice or 
operational standards. The permission 
will take the form of an amendment to 
the appropriate standards. 

Compliance with the leak detection 
and repair program and equipment 
requirements will be assessed through 
semiannual reports. review of records, 
and by inspection. The semia:mual 
reports provide a summary of the data 
recorded on leak detection and repair of 
valves, pumps, and of other equipment . 
types. In response to public comments, 
requirements for routine reporting were 
reduced from quarterly to semiannual 
reporting. Notifications are still required 
as described in the General Provisions 
for new source standards-(40 CFR 60.7). 

The semiannual reports may be 
waived for affected facilities in States 
where the regulatory program has been 
delegated, if EPA, in the course of 
delegating such authority, approves 
reporting requirements or an alternative 
means of source surveillance adopted 
by the State: In these cases, such 
sources would.be required to comply 
with the requirements adopted by the 
State. 

Records of leak detection, repair 
attempts, and maintenance for 
equipment leaks of VOC are required by 
the standards. These records, along with 
semiannual reporting and plant 
inspections, will be used to enforce the 
standards. The records remain 
essentially the same as those in the 
proposed standards. ·some changes have 
occurred because the requirements for 
the equipment covered by the standards 
have changed. In addition, EPA has 
made it clear that an owner or operator 
may keep ~e records for several 
affected facilities at one location in a 
plant rather than at each process unit. 

Miscellaneous Actions. The General 
Provisions of Part 60 are being revised to 
provide technical amendments to the 

provisions in 40 CER 60.7, 60.11. and 
60.17. Also. Reference Method 18 is 
being added to Appendix A of Part 60 
and Reference Method 22 is being 
revised. These methods will be used. to 
determine compliance with the 
requirements for flares. 

Summary of Impacts 

Emission Reductions. The standards 
of performance will reduce equipment 

. leaks of VOC from newly constructed, 
modified, and reconstructed process 
units in SOCMI by approximately 56 
percent in comparison to those 
emissions that would result in the 
absence of the standards. The sta'ndards 
will cover about 830 newly constructed, 
modified, and reconstructed sources in 
1985. The standards will reduce the 
emissions associated with current 
industry practices from approximately 
83.000 to 37,000 Mg in 1985 (that is, 
91.000 to 41,000 tons) for newly 
constructed, reconstructed, and 
modified process units. 

Cost and Economic Impacts. The cost 
and economic impacts of the standards 
are reasonable. The standards will 
require an industry-wide capital 
investment O\'er the 5-year period from 
1981 to 1986 of approximately $44 
million for those facilities which ere 
newly constructed, reconstructed. or 
modified. The industry-wide net 
annualized cost will be about $14.6 
million in 1985. This net annualized cost 
includes a credit resulting from 
"recovered" emissions. The costs will be 
distributed among 830 facilities affected 
during the 5-year period. Industry-wide 
price increases are not expected to 
result from these standards. 

Other Impacts. The standards of 
performance will not increase the 
energy usage of SOCMI process units. In 
general, the controls required by the 
standards do not require energy. 
Futhermore, the effect of the standards 
will be to increase efficiency of raw 
material usage so that a net positive 
energy impact will result. 
Implementation of the standards will 
have no impact on solid waste within 
SOCMI. In contrast, the standards could 
also cause a small positive impact on 
water quality by containment of 
potential liquid leaks. The 
recordkeeping and reporting 
requirements will require an average of. 
65 industry person years annually for 
the years of 1983 and 1984. 

The environmental, energy, and 
economic impacts are discussed in 
greater detail in the background 
information document for the 
promulgated standards. [See the 
ADDRESSES section of this preamble.] 

Public Participation 

Prior to proposal of the standards. 
interested parties were ad\·ised by 
public notice in the Federal Register (45 
FR 18474, March 21, 1980) of a meeting 
of the National Air Pollution Control 
Techniques Advisory Committee to 
discuss the standards for equipment 
leaks of voe in SOCMI recommended 
for proposal. This meeting was held on 
April 16, 1980. The meeting was open to 
the public, and each attendee was given 
an opportunity to comment on the 
standards recommended for proposal. 
The standards were proposed in the 
Federal Register on January 5, 1981 (46 
FR 1136). The preamble to the proposed_ 
standards discussed the availability of 
the background information document 
for the proposed standards which 
described in detail the regulatory 
alternatives considered and the impacts 
of those alternatives. 

Public comments were solicited at the 
time of proposal and, when requested, 
copies of the BID were distributed to 
interested parties. To provide interested 
persons the opportunity for oral 
presentation of data, views, or 
arguments concerning the proposed 
standards, a public hearing was held on 
March 3, 1981, at Research Triangle 
Park, North Carolina. The hearing was 
open to the public and each attendee 
was given an opportunity to comment on 
the proposed standards. The public 
comment period was from January 5, 
1981 to July 31, 1981. The comment 
pericd was extended to July 31, 1981, lo 
allow interested parties to comment on 
several studies performed by EPA's 
Office of Research and Development 
which became available at proposal or 
after proposal. Fifty-six comment letters 
were received and 9 interested parties 
testified at the public hearing concerning 
issues relative to the proposed 
standards of performance for equipment 
leaks of VOC from SOCMI units. 

EPA published an Additional 
Information Document (AID) in April of 
1982. The AID contains a technical 
discussion of methodologies and 
estimates of emissions, emission 
reductions, and costs associated with 
control of equipment leaks of VOC. A 
notice of the availability of the AID and 
a request for comments on the AID was 
published in the Federal Register on 
May 7, 1982 (47 FR 19724). Fourteen 
letters were received containing 
comments on the AID. 

Comments on the proposed standards 
and on the AID have been'carefully 
considered and, where determined to be · 
appropriate by the Administrator, 

https://would.be
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changes have been made in the 
proposed standards. 

Significant Comments and Changes to 
the Proposed Standards 

Comments on the proposed standards 
were received from industry, State and 
local air pollution control agencies, 
trade associations, and environmental 
groups. A detailed discussion of these 
comments and responses can be found 
in the BID for the promulgated 
standards. [See the ADDRESSES section 
of this preamble.) The comments and 
responses in the BID serve as tlie basis 
for the revisions which have been made 
to the standards bet.ween proposal and 
promulgation. Major changes made in 
the standardssince proposal are 
indicated in the "Summary of · 
Standards" section of the preamble. The 
major comments and responses are 
summarized in the next sections of this 
preamble. The comments and responses 
in this preamble have been combined 
into the following areas: Need for 
Standards, Selection of the Final 
Standards, Control Technology-Use of 
Flares, and Test Methods and 
Monitoring. 

Need for Standards 
Comment 1: Commenters questioned 

whether standards of perfonnance are 
needed for SOCMI because SOCMI 
equipment leaks emit small quantities of 
voe. 

Response 1: SOCMI is a significant 
source of voe emissions and equipment 
leaks of VOC are one of the primary 
contributors to the total VOC emissions 
from SOCMI. EPA estimates that 540.000 
megagrams per year (Mg/yr) of VOC are 
emitted from all sources in SOCMI 
(docket item IV-B-24). This estimate of 
emissions is based on detailed studies of . 
individual process source types 
including air oxidation processes, 
distillation operations; storage 
operations, carrier gas processes. 
equipment leaks, and secondary 
sources. Five hundred forty thousand 
Mg/yr is a significant quantity of VOC 
to be emitted as air pollution. 

The significance of SOCMI VOC 
emissions is reflected in the Priority List, 
40 CFR 60.16. Of the 59 major source 
categories on this list for which 
standards of performance were to be 
promulgated by-1982, the SOCMI source 
category ranked first. The Priority List 
consists of categories of air pollution 
sources that, in EPA's judgment, cause 
or contribute significantly to air 
pollution which may reasonably be 
anticipated to endanger public health or 
welfare. In developing the Priority List, 
·major source categories were ranked 
according to three criteria specified in 

Section 111(0 of the Act: (1) The 
quantity of emissions from each source 
category, (2) the extent to which each 
pollutant endangers public health or 
welfare, and (3) the mobility and 
competitive nature of each stationary 
source category. Commenters have not 
presented any new information which 
would change the decision to list • 
SOCMI on the Priority List. · 

Based on comments and information 
received during this rulemaking, EPA 
has revised the estimates of emissions 
of VOC from equipment leaks within 
SOCMI since the standards were 
proposed. The current estimate of 
540.000 Mg/yr includes the revised 
emission estimates. Even with the 
revised emission estimates, the 
Administrator still considers SOCMI a 
source category that causes or 
contributes significantly to air pollution 
which may reasonably be anticipated to 
endanger public health or welfare. Ir 
should be noted that because VOC 
emissions come from many, diverse 
source categories. each source category 
contributes a relatively small percentage 
to the large overall total emissions. Even 
though SOCMI may represent a small 
percentage of total VOC emissions. the 
magnitude of emissions from SOCMI is 
significant. 

Since SOCMI is on the Priority List as 
a significant contributor to air pollution 
under section 111(f), standards of 
performance are required to be 
promulgated for those new sources 
within this source category for which 
the EPA can identify the best 
demonstrated technology (considering 
costs). EPA has identified several 
alternative systems of control capable of 
achieving additional emission reduction 
at reasonable cost at SOCMI sources. It 
is, therefore, reasonable for EPA to 
establish standards for these sources. 

In adclition, standards of perfonnance 
have other benefits in addition to 
achieving emissions reductions. 
Standards of perfonnance establish a 
degree of national uniformity to air 
pollution standards, and therefore, 
preclude situations in which some 
States may attract new industries as a 
result of having relaxed standards 
relative to other States. Further, 
standards of performance provide 
documentation that reduces uncertainty 
in evaluations of available control 
technology. This documentation 
includes identification and 
comprehensive analyses of alternative 
emission control technologies, 
development of associated costs, 
evaluation and verification of applicable 
emission test methods, and 
identification of specific emission limits 
achievable with alternate technologies. 

This documentation also provides an 
economic analysis that reveals the 
affordability of controls in a study of the 
economic impact of controls on an 
industrv. 

Comment 2: Commenters stated that 
there is no need for the standards 
because emissions of VOC in SOCMI 
are adequately controlled by other 
regulations, specifically: 

(a) National ambient air quality 
standards (NAAQS) and the State 
implementation plans (SIP) to implement 
these standards; 

(b) National emission standards for 
hazardous air pollutants (NESH,t\P); and 

(c) Occupational safety and health 
standards under the Occupational 
Safety and Health Act (OSHA). 

Response 2: Standards of performance 
required by Section 111 play a unique 
role under the Clean Air Act. The main 
purpose of standards of performance is 
to require new sources, wherever 
located, to reduce emissions to the level 
achievable by the best technological 
system of continuous emission reduction 
considering the cost of achieving such 
emission reduction, any nonair quality 
health and environmental impact. and 
energy requirements [(Section 
111(a)(1))). Congress recognized that 
establishing such standards would 
minimize increases in air pollution from 
new sources, thereby improving air 
quality as the Nation:s industrial base is 
replaced over the long term. The role of 
standards of performance in achieving 
the goals set forth in the Clean Air Act 
is distinct from that of other regulations. 

(a) NAAQS and SIP: Reasonably 
available control technology (RACT) 
requirements apply to existing sources 
and are based on SIP's developed for 
the purpose of attaining the NAAQS. 
Standards of performance supplement 
the role played by RACT and the two 
types of control do not conflict. In the 
few areas where RACT-level control is 
already in place, the environmental 
impact of standards of performance will 
be smaller than calculated. EPA has 
determined, however, that existing 
RACT-level facilities that become 
subject to the standards of performance 
(e.g., through modification) will be 
achieving additional emission 
reductions al reasonable costs. In most 
areas of the Nation. RACT-level controls 
are not in place and the standards fulfill 
their role of preventing new air pollution 
from developing as the Nation's 
industrial base i~ replaced. 

(b) NESHAP: NESHAP, as mandated 
under Section 112 of the Clean Air Act, 
are distinctly separate from NAAQS or 
new source standards of performance. 
NESHAP are developed to control 
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pollutants that are hazardous because 
they are carcinogens or the cause of 
other serious diseases. Some of the 
individual SOCMI chemicals have been 
identified as hazardous air pollutants 
and some SOCMI units may be affected 
oy NESHAP regulations. However, 
soeMI VOC emissions as a class have 
not been identified as hazardous 
pollutants, and therefore, are not subject 
to NESHAP. 

(c) OSHA: Many of the chemicals 
covered by the standards are also listed 
in Table Z-1, Toxic and Hazardous 
Substances, in the general provisions for 
OSHA (29 CFR 1910.1000), and aome of 
these chemicals are also covered by 
more specific health standards under 
OSHA. As a consequence, the SOCMI 
standards and the OSHA standards may 
affect the same equipment in voe 
service. However, this possibility does 
not negate the need for the statldards. 

The SOCMI standards of performance· 
serve to limit mass emission rates 
directly; OSHA standards for toxic 
chemicals generally do not Under 
OSHA. control of emission sources may 
include substitution with less hazardous 
materials, process modification, worker 
rotation, process or worker isolation. 
ventilation controls, or modification of 
work practices. These controls reduce 
occupational exposures, but they do not 
necessarily reduce the mass rate of VOC 
emissions to the atmosphere. 
Furthermore, OSHA regulations would 
require control to different · 
concentration levels, depending on the 
toxicity of a specific chemical, while the 
standards of performance· require 

. emission control for all VOC. Relying on 
indirect controls that may or may not 
reduce emissions that would degrade air 
quality would bt! an unreasonable 
approach to reducing emissions of voe. 

Comment 3: eommenters claimed that 
the standards are not needed to protect 
the public health and we)faI,"e. These 
commenters noted that the ambient air 
quality standard for ozone which is set 
to protect the public has recently been 
raised. The i:ommenters continued by 
adding that, because most of the country 
is in compliance with the ozone 
standard, the public health and welfare 
is alrt!ady protected and, therefore, the 
standards of performance are not 
needed. 

Response 3: Standards of performance 
are not directly de1!igned to achieve the 
ambient air quality goals. Their 
overriding purpose is rather to minimize 
emissions at all new and modified 
sources, wherever they are located, to. 
prevent ne'! pollution problems from 
developing, and to enhance air quality 
as the Nation's industrial base is 
replaced. Thus, the standards may not 

bear directly on current attainment or 
nonattainment of NAAQS for ozone. 
Nonetheless. they do make room for 
future industrial growth while 
preventing future air quality problem5:
tomplementing t.lie prevention of 
significant deterioration (PSD) and non
attainment rules as a means of 
achieving and maintaining the NAAQS. 
Clearly, residents in both attainment 
and non-attainment areas will 
ultimately benefit from such standards. 

Basis for the Final Standards 

Comment: Several commenters 
questioned EPA's selection of the 
proposed standards. The commenters 
felt that other regulatory options would 
have been more cost-effective and. 
therefore. should have been chosen. 
Referring to the regulatory alternatives 
presented in EPA~S0/3-80--033a, some 
commenters recommended selection of 
regulatory alternatives II or ill instead 
of regulatory alternative IV. Some 
commenters also suggested that EPA 
select the final standards after 

. considering the cost effectiveness of 
each control technique for each piece of 
equipment covered by the standards. 
Other commenters recommended 
selection of regulatory alternative IV. 

Response: Section 111 of the Clean Air 
Act. as amended, requires that . 
standards of performance be based on 
the best system of continuous emission 
reduction that has been adequately 
demonstrated. considering costs. nonair 
quality health and environmental 
impacts and energy requirements. The 
control techniques for equipment leaks 
of VOC have been adequately 
demonstrated. The nonair quality health 
and environmental impacts associated 
with implementaion of the standards are 
positive. · 

Since proposal, EPA has decided to 
a·ccept the suggestions of the 
commenters and focus further on cost 
effectiveness as the basis for the 
selection of final standards. In. using 
cost effectiveness of individual control 

techniques as the basis for selection, the 
regulatory alternative framework 
presented in the BID for the proposed 
standards is no longer pertinent and is 
not presented. The control strategies 
represented by the regulatory 
alternatives were, however, considered 
in the selection of the final standards. In 
choosing among the control techniques 
for each type of equipment covered by 
the standards, EPA first considered their 
relative cost effecti\'eness. Then. for the 
control techniques which were selectP.d 
as the most effective with reasom~ble 
costs. EPA considered the economic 
impact on the industry of these control 
techniques. 

Cost-Effectiveness Consideratio11s. 
EPA analyzed the annualized cost -:>f 
controlling VOC emissions and the 
resultant VOC reduction for each 
alternative control technique. The 
control costs per megagram of voe 
reduced for medium-sized process units 
are presented in Table 1 for each 
equipment type covered by the 
standards. These costs do not represent 
the actual amounts of money spent at 
any particular plant site. The cost of 
voe emission reduction systems will 
vary according to the chemical product 
being produced. production equipment. 
plant layout. geographic location, and 
company preferences _and policies. 
However, these costs and emission 
reductions are considered typical of 
control techniques for leaking equipment 
within SOCMI units and can be used in 
selecting the level of control to be 
required by the standards. 

Pressure ReliefDevices. The 
annualized costs and voe·emission 
reductions achieved for monthly and 
quarterly leak detection and repair 
programs and for the use of control 
equipment (rupture disks) were 
determined for pressure relief devices in 
gas service. As Table 1 shows, both the 
quarterly and monthly leak detection 
and repair programs are less expensive 
than installation of rupture disks. 

TABLE1.-CoNTROL CoSTS PER MEGAGRAM OF voe REDUCED• 

Emission ,._. ""'1► 
mental SIE~ type and contro1 led'lnique• reducllOn S/Mg• Mg•(Mg/yr) 

Praocn.--..: 
0uarterty-·det- and repair 
Monlhly leak deleclion and ,epe;, 
RIJP/Uf9-•

eomi,,.._.,Ccntroll«J~-· 
C)pen.endecl JinN: ~on,,,,.,._..._, 
Sln,i:w,g Syslema: Clos«/- swrpng' 
Valves: 

Sem-annual- -and repair 

Clua-Mr1y •- leak - and repair
MontNy_ d.,KOonand-· 

Pumpo: 

Oi.c1arty - delllCIIOn and,_..Monthly-· .,_- ,.,,.,. 

4.4 !') -·--5.1 500r> 
10.0 510 1.200r,4.0 !') 

4008.2 400 
3.4 590590 

17.1 !')r, -----···.....,.,26.t 
33.1 "8062 

4.1 1.200 ---···-· r,7.1 110 
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TABLE1.--coNTROl COSTS PER MEGAGRAM OF VQC REDUCED "-Continued 

Equipment type and contro11ec1nque• 
Emil..... 
reduc1IOn 
(MIi'~ 

..._. 
SllolQ' 

Ina• 
,-,181$1 

Mg• 

Cuei ~ .....~......,lo ...... 12.8 2.300 5.600 

•Coeta and -•..ion reduction, booed on equlpn..nt counta In Model Unit a. See Section U of the BIO ror tu 
promul1a1ed 11and•NIL 

"Furlhtr di1eu11lon or control lecbniq- can ba found In Section 4 ol Iha BID lor lht promulgated 11andardL 
'Avef'!ae doU1ro par mea•aram (coat affecllvtnau) • (ntl 8MuaUad COil per componanl) + (aMual voe HUuion 

roduction per component~
•111Cftmental dollar■ per IMl•ar•m • (nel annuallud cool or lhe amrrol technique) - not aMualized coot ol lho nexl 

1111 r■ alrictlvt control techniqua + (OMual ami■-ion reduction or control technlqu• - aMual •minion reduction or lhe 
next lau reatrlctlvt control technique~ 

'Valun aro aavtnp wilb lbe total aa~ Indicated In Iha tuL 
1Cantrol tecbniqua ■elected H Iha balialor the 1landard. 

Leak detection and repair programs 
result in average credits of $240/Mg and 
$150/Mg of voe for quarterly and 
monthly programs, respectively. A 
monthly leak detection and repair 
program achieves an additional 0.7 Mg/ 
yr emission reduction for medium-sized 
process units at an incremental cost of 
$500/Mg compared to a quarterly leak 
detection and repair pi:ogram. Rupture 
disks achieve an additional 4.9 Mg/yr 
emission reduction at an incremental 
cost of $1,200/Mg compared to a 
monthly leak detection and repair 
program. However, EPA is establishing 
a performance standard (as indicated by 
no detectable emission limit) allowing a 
variety of alternative weys to complying ( with the standard. Because EPA used 
conservative assumptions in making this 
Incremental cost calculation, the $1.,200/ 
Mg incremental cost of achieving this 4.9 
Mg/yr of emission reduction is more 
than what many process units would 
experience. Thus, a no detectable 
emission limit was selected as the basis 
for the pressure relief device standard. 

Compressors. Only one control 
technique can be considered for 
compressor seals: the installation of 
control equipment such as barrier fluid 
systems. If acompressor is found 
leaking, the repair procedure would be 
the installation of control equipment. 
Because compressors are not generally 
spared, repair would be delayed until 
the next turnaround, thereby reducing 
the effectiveness of a leak detection and 
repair program to essentially zero. The 
installation of control equipment results 
in a savings ($100/Mg of voe), 
indicating that the the value of product 
retained by controlling the barrier fluid 
system exceeds the cost of the control 
equipment. This cost Is reasonable and, 
therefore, control equipment was 
selected as the basis for the standard for 
compressors. . 

Open-ended Lines and Sampling · 
Systems. EPA considered caps or 
closures as the control technique for ( open-ended lines. Caps and closures are 
in wide-spread use in soeMI and are. 
expected to be used even more 

•frequently in new SOCMI units. The cost 
and emissio}l reduction presented in 
Table 1 are the cost and emission 
reduction which would be realized for 
an open-ended line that is not 
controlled. The $400/Mg cost for 
controlling emissions of vqe from open• 
ended lines is reasonable. 

EPA considered closed purge 
sampling as the control technique for 
sampling systems. Closed purge systems 
are becoming increasingly common in 
the chemical industry. The $590/Mg cost 
for controlling emissions of VOC from 
sampling systems is reasonable. 

Vo/l•e. Several leak detection and 
repair programs were considered for 
valves. The programs differed in the 
monitoring frequency which would be 
implemented. As Table 1 shows, the 
quarterly monitoring program results in 
savings ($41/Mg ofVOC on the 
average). This occurs because the value 
of the recovered VOC is greater than the 
cost to implement the quarterly 
monitoring program. However, the 
largest emission reduction is associated 
with the monthly program at an average 
cost of $62/Mg. Furthermore, the 
incremental cost per Mg voe emissions 
reduced for the monthly program is 
$510/Mg with an incremental emission 
reduction of 8.7 Mg/yr for a medium• 
sized process unit. EPA considers these 
costs to be reasonable. Therefore, EPA 
selected a monthly leak detection and 
repair program as the basis for the 
standard for valves. 

Pumps. The control costs incurred for 
each megagram of voe emissions 
reduced were determined for two leak 
detection and repair programs and for 
the use of dual mechanical seals with 
controlled degassing vents. Both leak 
detection and repair programs incur 
lower costs than the costs which would 
be incurred with equipment installation. 
The lowest average and incremental 
costs per Mg are associated with a 
monthly leak detection and repair 
program. The monthly program achieves 
a higher degree of control than the 
quarterly program, but it achieves a 
lower degree of control than Installation 

of contol equipment. However, even· 
though control equipment provides for 
the greatest amount of voe reduction, 
the $5,600/Mg incremental costs to 
obtain the additional 5 Mg/yr are judged 
to be unreasonably high. Because the 
costs for equipment are unreasonably 
high, monthly leak detection and repair 
was selected as the basis for the 
standard for pumps. 

Economic Impact Considerations. An 
economic analysis was performed which 
evaluated the economic impacts of the 
selected standards. The results of that 
analysis are presented in detail in the 
BID for the promulgated standards. As 
summarized in the Summary of the 
Impacts of the Standards section of this 
preamble, the industry-wide net 
annualized cost will be about $14.8 
million in 1985. This cost is not expected 
to result in industry-wide price 
increases. These impacts are 
reasonable. 

Control Technology-Use of Flares 

CommenL· Several commenters 
expressed the desire to use flares as 
alternatives to enclosed incinerators or 
vapor recovery systems. The comments 
focused on: (1) Data base support of low 
flare efficiency, (2) high efficiencies 
reported for flares on refinery gases, (3) 
alternative flare designs for low flow 
applications, (4) safety considerations in 
choosing control systems, and (5) 
equivalency to other combustion 
devices. 

Response: The control technology for 
controlling equipment leaks of voe 
from SOCMI is discussed in the 
background information documents 
(Bill's) for.the proposed standards and 
for the promulgated standards. (See 
ADDRESSES section of this preamble.) In 
the BID for the proposed standards, EPA 
discussed the control technology that 
can be used in complying with the 
standards. As discussed in the BID for 
the promulgated standards, EPA 
reviewed the comments received on the 
control technology for controlling 
equipment leaks and found nothing 
which would alter the original 
judgments concerning these control 
techniques except with regard to the 
control efficiency associated with flares 
used in SOCMI. . 

The use of flares was reconsidered by 
EPA.,.Flares are used widely In SOCMI 
for handling emergency releases from 
process units and for combusting 
streams from continuous vents. Since 
the flare efficiency estimate at proposal 
was made, further actual flare 
measurement results have become 
available, most notably from the 
Chemical Manufacturers Association 
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(CMA)-EPA study. In the CMA-EPA 
study, flares were investigated over a 
"Vidc range of exit velocil}', composition. 
snd flare gas heat content conditior.s. 
After review of available flare efficiency 
data, EPA has concluded that tmokeless 
flares designed for and operated under 
certain conditions are acceptable 
alternatives to enclosed combustion 
devices (incinerators, boilers, process · 
heaters) or vapor recovery systems, 
such as carbon adsorbers and 
condensation units. For example, steam
assisted flares must have flare gas heal 
contents greater than 11.2 megajoules 
per standard cubic meter and exit 
velocities less than 18 meters per 
second. Flares achieving these 
conditions are acceptable because they 
achieve more than 95 percent emission 

· reduction. The presence of a flame can 
be ensured by monitoring the fiare's 
pilot light with an appropriate heat 
sensor, such as a thermocouple. To 
ensure smokeless operation, visible 
emissions from a flare would be limited 
to less than 5 minutes in any 2-hour 
period as determined by Reference 
Method 22. 

Import on Small Manufacturers 
Comment: Commenters requested an 

exemption for small manufacturers. 
These commenters were mostly 
concerned with the impact on process 
units with few equipment and process 
units with low production volumes. 

Respone: Data from test work on 
equipment leaks of VOC. however, do 
not show any definite relationship 
between emissions and production 
volume. Equipment leaks of voe and 
the cost of their control are proportional 
to the number of equipment components 
in a plant rather than the plant size or 
production volume. However, there are 
some process units (e.g~ research and 
development facilities) which have 
production rates so small that their voe 
emissions from equipment leaks are 
likely to be very small and, as a 
consequence. the cost to control these 
emissions would be unreasonably high. 
EPA has excluded from the standards 
process units producing less than 1,000 
Mg/yr. The lower production rate cutoff 
was developed on the basis of cost and 
emission reduction considerations and 
is explained in Section 5.7 of the BID for 
the promulgated standards. 

Test Method and Monitoring 

Comment: eommenters requested that 
hexane be the required calibration gas 
for the application of Reference Method 
21 lo SOCMI leak detection and repair 
programs. Reference Method 21 
specifics the monitor and the 
methodology lo be used to detect leaks 

for required leak dctei:tion and repair 
programs. The proposed standards 
required that methane be used as lhe 
calibration gas. Two reasons were given 
for their desire to use hexane. F:rsl, 
commcnters believed (on the basis of 
response fac!ors) that the use of 
methane would result in the detection of 
more leaks. Second. there is at least one 
type of portable voe detector which 
responds to hexane hut docs not 
respond to methane. 

Response: EPA considered the 
differen::cs between leak frequencies 
found using hexane and leak 
frequencies found using methane. The 
differences are not significant. The 
variability seen in repeat sa:npling of 
the same piece of equipment was 23 
percent. The variability is in the same 
range as the 30 percent difference seen 
in response between the TLV-hexane 
system and the OVA-methane systems 
at the 10.000 ppmv definition of a leak. 
Because the variability in repent 
sampling is similar to the differences in 
response at 10.000 ppmv, tlie data can be 
used interchangeably within 30 percent 
at the action le,·el. Becau!'e an error of 
30 percent at the action level is a small 
error considering all the errors 
associated with leak detection, there is 
no need to change the required 
calibration gas on the basis offered by 
the commenters. However, since some 
types of analyzers may be useful in 
certain SOeMI process units, and these 
types do not respond to methar:e, 
hexane has been added to the regulation 
as an alternate calibration material. 

The usi;.of hexane as an alternate 
calibration material is no! limited to a 
single type of detector. The owner or 
operator may choose to use either 
calibrant with any aUowable instrument. 
However, in any performance test 
conducted by EPA or a State agency. the 
voe detector is likely to be calibrated 
with methane, even if the calibrant 
selected by the owner or operator is 
different, because methanl! calibrants 
are easier to obtain and deteriorate less 
than hexane calibrnnts. 

Docket 
The docket is an organized and 

complete rile of al1 the information 
considered by EPA in the development 
of this rulemaking.The docket is a 
dynamic file, since material is added 
throughout the rulemaking process. The 
docketing system is intended to allow 
members of the public and industries 
involved to identify and locate 
documents so that they can participate 
e£fectively in the rulemaking process. 
Along with the statement of basis and 
purpose o( the proposed and 
promulgated standar?s and EPA 

respvnses to s:g!liftcant commets. the 
cont1mts of the docket will serve as the 
record in case of judicial review, exccvt 
for inlcragcncy review materials 
(Section 307(<1}[7)(A)). 

Miscellaneous 

In accordance with Section 117 of the 
Act, publication of these promulgated 
standards was preceded by consultation 
with appropriate ud,-isory committees. 
independent el<perts. and Federal 
departments and ,1gt?nc.ies. This 
regulation will be revi£"wcd 4 years from 
the date of promulgal:on as req•;ired by 
the Clean Air Act. This revit!w will 
include an as;;essmen~ c,f such factors as 
the need for ir:tcgratir,n wi!h otl,.:-r 
progrums, the exislencc o! alternative 
methods. enforceability. im?rovements 
in emission control tei:hnoiogy, and 
reporting requirements. 

Seclion 317 of the Clean Air Act 
requires the Administralor to prepare an 
econo:nic impact assessment for any 
new source standard of performance 

. promulgated under Section lll(b) of the 
Act. An economic impact assessment 
was prepered for this regulation and for 
other regulatory alternatives. All 
aspects of the assessment were 
considered in the formulation of the 
standards to insure that cost was 
carefu1ly considered in determining the 
best demonstrated technology. The 
economic impact asse!lsment is included 
in the background inform,3lion 
documents for the proposed standards 
and the promulgated standards. . 

Information co11ei:tion requirements 
associated with this regulation (those 
included in 40 CFR Part 60, Subpart A 
and Subpart VV) have been approved 
by the Office of Management and 
Budget (OMO) under the provi~ions of 
the Paperwork Reduction Act of 1980, 44 
U.S.C. 3501 el seq. and have been 
assigned 0MB control number 2~ 
0012. 

"l'1fajor Rule·· Determioation. Under 
Executive Order 12291, the 
Administrator is required to judge 
whether a regulation is a "major rule" 
and, therefore. subject to certain 
reouirements of the Order. The 
Administrator.has determined that this 
regulation would result in none of the 
ad\·erse economic effects set forth in 
Section 1 of the Order as grounds for 
finding a regulation to be a "major rule." 
Fifth-year annualized costs of the 
standards would be as much as $3.3 
million for the 830 newly constr1Jcted, 
modified, and reconstructed production 
facilities projected that could be 
affected by the standards during the 
first 5 years. Significant price increases 
are not expected to result from 
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implementation of these standards 
because the annualized cost is a small 
fraction (about 0.25 percen:) of the 
yearly revenue expected fer the new. 
modified, and reconstructed units 
affected during the 5-year period. The 
Administrator has concluded that this 
rule is not "major" under any of the 
criteria established in the Executive 
Order, 

As discussed in the "Basis For The 
Final Standards'' section of this 
preamble, costs p_er mega gram of VOC 
emission reduction were used in 
selecting the standards promulgated by 
this rulemaking. This regulation was 
submitted to the 0MB for review as 
required by Executive Order 12291. Any 
comments from Olvffi to EPA and any 
EPA responses to those comments are 
available for public inspection in Docket 
No. A-79-32. Central Docket Section, at 
the address given in the ACORESSES 
section of this preamble. 

Regulatory Flexibility Analysis 
Certification. The Regulatory Flexibility 
Act of 1980 requires that adverse effects 
of all Federal regulations upon small 
businesses be identified. According to 
current Small Business Administration 
guidelines, a small business in the 
organic chemical manufacturing 
industry is one that has 1.000 employees 
or fewer. Current estimates indicate 
between 10 and 30 percent of the 
existing industry employ fewer than 
1.000 people. Even if facilities owned by 
small businesses do becorr.e subject to 
the standards. none will be adversl!ly 

. affected. This conclusion is based on the 
finding that the annualized cost of the 
standards would be less than 0.25 
percent of the yearly revenue expected 
for units affected by the standards. This 
finding reflects the economic impact for 
facilities owned by small businesses 
and is not considered significant. 
Pursuant lo the provisions of 5 U.S.C. 
605(h). I hereby certify that "this rule will 
not have a significant economic impact 

· on a substantial number of small 
en ti lies. 

List af Suhjects in 40 CFR Part 60 

Air pollution control. Aluminum. 
Ammonium sulfate plants. Asphalt. 
Cement industry. Coal Copper. Electric 
power plants, Glass and glass products. 
Groins, Intergovernmental relations, 
Iron, Lead, Metals, Metallic Minerals, 
Motor vehicles, Nitric acid plants. Paper 
and paper products industry, Petroleum, 
Phosphate, Sewage disposal. Steel 
Sulfuric acid plants, Waste treatment 
and disposal, Zinc. Tires, lncorporution 
by Reference, Can surface coating. 
Sulfuric acid plants, Industrial organic 
chemicals. · 

Dated: September 30, 1$83. 
Willi3m D. Ruckelshaus. 
Administrator. 

PART 6o-{AMENCED) 

40 CFR Part 60 is amended as follows: 
1. By adding paragra:,h (£) to § 60.7 of 

Subpart A-General Provisions as 
follows: 

§ 60.7 Nottric.,tton and recordkeeplng. 

(0 Individual subparts of this part 
may include specific provisions which 
clarify er make inapplicable the 
provisions set forth in this s.-iction. 
(Sec. 111. lH. :IOl(a) o! the Clean Air Act. as 
amended (42 U.S.C. 7411} 7601(11))) 

2. By adding paragraph (0 to§ 60.11 of 
Subpart A-General Provisions as 
follows: 

§ 60.11 Compliance with standards and 
maintenance requirements. 

(0 Special provisions set forth under 
an applicable subpart of this part shall 
supersede any conflicting provisions of 
this section. 
(Sec. 111. 301(a) of the Clean Air Act. as 
amended (42 U.S.C. 7411, i601(a)II 

3. By adding paragraphs (a)(34), 
(a){35}. (a)(36), (a){37). (a){38), and 
(a){39) to § 60.17 of Subpart A-General 
Provisions as follows: 

§ 60.17 Incorporations by reference. 

(a) 
(34) ASTM. E169-63 (Reapproved 

1977), General Techniques of Ultraviolet 
Quantitative Analysis. IBR approved for 
§ 60.485{d). 

(35) J\STM E168-97 (Reapproved 
1977). General Technique~ of Infrared 
Quantitative Analysis. IBR approved for 
§ 60.485(d). 

{!36) ASTM £260-73, General Gas 
Chromatography Procedures, IDR 
approved for § 60.485(d). 

(37) ASTM 02879-70. Vapor 
Pressure-Temperature Relationship 
and Initial Decomposition Temperature 
of Liquids by lsoteniscope. IBR 
approved for§ 60.485(e). 

(38) ASTM 02382-76, Heat of . 
Combustion of Hydrocarbon Fuels by · 
Bomb Calorimeter (High-Precision 
Method), IBR approved for § 60.485(g). 

(39) ASTM 02504--07 (Reapproved 
1977), Noncondensable Gases in Ci and 
Lighter Hydrocarbon Products by Gas 
Chromatography, IBR approved for 
§ 60.485(g). 

(Sr.c.111, 114. 301(a) ofthe Clean Air Act. as 
amended (42 U.S.C. 7411) 7001(al)). 

4. Dy adding a new Subpart VV as 
follows: 

Subpart VV-Standards of Performance for 
Equipment Leaks of voe In the Synthetic 
Organic Chemicals Manufacturing lr:dustry 

Sec. 
60.480 Applicability and designation of 

nffected facility. 
60.481 Definitions. 

· 60.482-1 Standards: General. 
60.482-2 Standards: Pumps in light liquid 

service. 
60.482-3 Standards: Compressors. 
60.48Z-4 Standards: Pressure relief devices in 

gas/vapor service. 
60.482-5 Standards: S.1mpling connec:iun 

systems. 
60.482-6 St11ndards: Open-ended val1,e~ or 

lines. 
60.482-7 Standards: Valves in gas/vap'lr and 

in light liquid service. 
00.482-8 Standards: Pumps and v;,lves in 

heavy liquid service. preuure relief 
devices in light liquid or heavy liquid 
service, and flanges and other 
connectors. 

60.482-9 Stand3rds: Delay of repair. 
60.482-10 Standards: Closed vent systems 

and control de\;ces. 
60.4113-1 Alternative standards for valves

allowable percentage of valves leaking. 
60.4113-2 Alternative standards for vulves

skip period leak detection 11nd repair. 
60.484 Equivalence of means of emission 

limitation. 
60.-,es Test methods and procedures. 
60.486 Recordkeeplng requirements. 
80.487 ·Reporting requirements. 
60.488 [Reserved! , 
60.-189 List·of chemicals produced by affected 

facilities. · 
Authority: Sec. 111 and 301(a) of the Clean 

Air Act. as amended (42 U.S.C. 7411. 7601(al). 
and additional authority as noted below. 

Subpart VY-Standards of. 
Performance for Equipment Leaks of 
voe in the Synthetic Organic 
Chemicals Manufacturing Industry 

§ 60.480 Appllc11blllty and designation of 
affected facility. 

(11)(1) The provisions of this subpart 
apply to affected facilities in the 
synthetic organic chemicals 
manufacturing industry. 

(2) The group of all equipment 
(defined in § 60.481) within a process 
unit is an affected facility. 

. (b) Any affected facility under 
paragraph (a) of this section that 
commences construction or modification 
after January 5, 1981, shall be subject to 
the requirements of this subpart. 

(c) Addition or replacement of 
equipment for the purpose of process 
improvement which is accomplished 
without a capital expenditure shall not 
by itself be considered a modification 
under this subpart. 
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(d)(l) If an owner or operator applies 
for one of one of the exemptions in this 
paragraph, then the owner or operator 
shall maintain records as required in 
§ 60.486(h). 

(2) Any affected facility that has the 
design capacity to produce less than 
1,000 Mg/yr is exempt from § 60.482. 

(3) If an affected facility produces 
heavy liquid chemicals only from heavy 
liquid feed or raw materials, then it is 
exempt from § 60.482. 

(4) Any affected facility that produces 
beverage alcohol is exempt from 
§ 60.482. 

(5) Any affected facility that has no 
equipment in voe service is exempt 
from§ 00.482. 

§ 60.481 Definitions. 

As used in this subpart. all terms not 
defined herein shall have the meaning 
given them in the Act or in Subpart A of 
Part 60, and the following terms shall 
have the specific meanings given them. 

"Closed vent system" meani; a system 
that is not open to the atmosphere and 
that is composed of piping, connections, 
and, if necessary, flow inducing devices 
that transport gas or vapor from a piece 
or pieces of equipment to a control 
device. 

"Connector" means flanged. screwed, 
welded, or other joined fittings used to 
connect two pipe lines or a pipe line and 
a piece of process equipment. 

"Control device" means an enclosed 
combustion device, vapor recovery 
system, or flare. 

"Distance piece" means an open or 
enclosed casing through which the 
piston rod travels, separating the 
compressor cylinder from the crankcase. 

"Equipment" means each pump, 
compressor, pressure relief device, 
sampling connection system, open
ended valve or line, valve, and flange or 
other coMector in VOC service and any 
devices or systems required by this 
subpart. 

"First attempt at repair" means to 
take rapid action for the purpose of 
stopping or reducing leakage of organic 
material to atmosphere using best 
practices. 

"In gas/vapor service" means that the 
piece of equipmtmt contains process 
fluid that is in the gaseous state at 
operating conditions. 

"In heavy liquid service" means that 
the piece of equipment is not in gas/ 
vapor service or in light liquid service. 

"In light liquid service" means that the 
piece of equipment contains a liquid that 
meets the conditions specified in 
§ 60.485(e). 

"Liquids dripping" means any visible 
leakage from tt-e seal including 

spraying, misting. clouding, and ice 
formation. 

"Open-ended valve or line" means 
any valve, except safety relief valves, 
having one side of the valve seat in 
contact with process fluid and one side 
open to the atmosphere, either directly 
or through open piping. 

"Pressure release" means the 
emission of materials resulting from 
system pressure being greater than set 
pressure of the pressure relief device. 

"Process improvement" means routine 
changes made for safety and 
occupational health requirements, for 
energy savings, for better utility, for 
ease of maintenance and operation, for 
correction of design deficiencies, for 
bottleneck removal, for changing 
product requirements, or for 
environmental control. 

"Process unit'' means components 
assembled to produce, as intermediate 
or final products, one or more of the 
chemicals listed in § 60.489 of this part. 
A process unit can operate 
independently if supplied with sufficient 
feed or raw materials and sufficient 
storage facilities for the product. 

"Process unit shutdown" means a 
work practice or operational procedure 
that stops production from a process 
unit or part of a process unit. An · 
unscheduled work prac'tice or 
operational procedure that stops 
production from a process unit or part of 
a process unit for less than 24 hours is 
not a process unit shutdown. The use of 
spare equipment and technically 
feasible bypassing of equipment without 
stopping production are not process unit 
shutdowns. 

"Quarter" means a 3-month period; 
the first quarter concludes on the last 
day of the last full month during the 180 
days following initial startup. 

"Repaired" means that equipment is 
adjusted, or otherwise altered, in order 
to eliminate a leak as indicated by one 
of the following: an instrument reading 
or 10,000 ppm or greater, indication of 
liquids dripping, or indication by a 
sensor that a seal or barrier fluid system 
has failed. 

"Sensor means a device that measures 
a physical quantity or the change in a 
physical quantity such as temperature, 
pressure, flow rate, pH, or liquid level. 

"In-situ sampling systems" means 
nonextractive samplers or in-line 
samplers. 

"Synthetic organic chemicals · 
manufacturing industry" means the 
industry that produces, as intermediates 
or final products, one or more of the 
chemicals listed in § 60.489. 

"In vacuum service" means that 
equipment is operating at an internal 

pressure which is at least 5 kilopascals 
(kPa) below ambient pressure. 

"Volatile organic compounds" or voe 
means, for the purposes of this subpart, 
any reactive organic compounds as 
defined in § 60.2 Definitions. 

. "In VOC Service" means that the 
piece of equipment contains or contacts 
a process fluid that is at least 10 percent 
voe by weight. (The provisions of 
§ 60.485(d) specify how to determine 
that a piece of equipment is not in VOC 
service.) 

§60.482-1 Standards: General. 

(a) Each owner or operator subject to 
the provisions of this subpart shall . 
demonstrate compliance with the 
requirements of§ 60.482-1 to § 60.482-10 
for all equipment within 180 days of 
initial startup. 

(b) Compliance with § 60.482-1 to 
I 60.482-10 will be determined by . 
review of records and reports, review of 
performance test results, and inspection 
using the methods and procedures 
specified in § 60.48!i. 

(c)(l) An owner or operator may 
request a determination of equivalence 
of a means of emission limitation to the 
requirements of § 60.482-2. -3, -5, -8, -7, 
-8, and -10 as provided in § 80.484. 

(2) If the Administrator makes a 
determination that a means of emission 
limitation is at least equivalent to the 
requirements of § 60.482-2, -3, -5, -8, -7. 
-8, or -10, an owner or operator shall 
comply with the requirements of that 
determination. 

(d) Equipment that is in vacuum 
service is excluded from the 
requirements of§ 60.482-2 to § 60.482-10 
if it is Identified as required in 
§ 60.486(e)(4). 

§ 60.482-2 StandardsD Pumps In llght llquld 
1ervlce. 

(a)(l) Each pump in light liquid service 
shall be monitored monthly to detect 
leaks by the methods specified in 
§60.485(b), except as provided in 
§ 60.482-l(c) and paragraphs (d), (e), 
and (f) of this section. 

(2) Each pump in light liquid service 
shall be checked by visual inspection 
each calendar week for indications of 
liquids dripping from the pump seal. 

(b)(l) If an instrument reading of 
10,000 ppm or greater is measured, a 
leak Is detected. 

(2) If there are indications of liquids 
dripping from the pump seal, a leak is 
detected. 

(c)(l) When a leak is detected, ii shall 
be repaired as soon as practicable, but 
not later than 15 calendar days after ii is 
detected, except as provided in § 60.482-
9. 
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(2) A first attempt at repair shall be 
made no later than 5 calendar duys after 
ea.:h leak is de~cted. 

(d) Each pump equipped 'A;th a dual 
mechanical seal system that includes a 
barrier fluid system is exempt from the 
requirements of paragraph (a). provided 
the foilowing requirements are met: 

(1) Each dual mechanical seal s)·stem 
is: 

(i) Operated with the barrier f:uid at a 
pressure that is at all times greater than 
the pump stuffing box pressure; or 

(ii) Equipment with a barrier fli:id 
degassing reservoir that is connected by 
a closed vent syste:n to 11 control device 
that complies with the requirements of 
§ 60.482-10; or 

(iii) Equipped with a system that 
purges the barrier fluid into a process 
stream with zero voe emissions to the 
atmosphere. 

(2) The barrier fluid system is in 
heavy liquid service or is not in VOC 
service. 

(3) Each barrier fluid system is 
equipped with a sensor that will detect 
failure of the seal system. the ba~rier 
fluid svstem. or both. 

(4) Each pump is checked by visual 
inspection. each calendar week. for 

· indications of liquids dripping from the 
pump seals. 

(5)(i) Each sensor as described in 
paragraph (d)(3) is checked aaily or is 
equipped with an audible alarm. and 

(ii) The owner or operator determines. 
based on design considerauo·ns and 
operating experience. a criterion that 
indicates failure of the seal sys tern. the 

·barrier fluid system, or both. 
(o)(i) If there are indicaticns of liquids 

dripping from the pump seal or the 
sensor indicates failure or the seal 
system, the barrier fluid system. or both 
based on the criterion determined in 
paragraph (d)(S)(ii). a leak is detected: 

(ii) When a leak is detected. it shail be 
repaired as soon as practicable. but not 
later than 15 calendar days after it is 
detected. except as provided ir. ~ 60.482-
9. 

(iii) A first attempt at repair shall be 
made no later than 5 calendar days after 
each leak is detected. 

(e) Any pump that is designated, as 
described in § 60.488(e) (1) and (2), for 
no detectable emission, as indicated by 
nn instrument reading of less than 500 
ppm above background. is exempt from 
the requirements of paragraphs (a). (c). 
and [d) if the pump: 

(1) Has no externally actuated shaft 
penetrating the pump housing, 

(2) Is demonstrated to be operating 
with no detectable emissions as 
indicated by an instrument reading of 
less than 500 ppm above background as 

measured by the methods specified in 
§ 60.485(c), and 

(3) ls tested for compliance with 
paragraph (e)(2) initially upon 

· designation, annually, and at other times 
requested by the Administrator. 

(f) If any pump is equipped with a 
closed vent system capable of capturing 

· and transporting any leakage from the 
seal or seals to a control device that 
complies with the requirements of 
§ 60.482-10. it is exempt from the 
paragraphs (a)-(e). 

§ S0.482-3 Compressors. 
(a) Each compressor shall be equipped 

with a seal system that includes a 
barrier fluid system and that prevents 

. leakage o[ voe to the atmosphere. 
except as provided in § 60.482-l(c) and 
paragraph (h) and (i) of this section. 

(b) Each compressor seal system as 
required in p:uagraph (a) shall be: 

(1) Operated wiL'i the bar.ier fluid at a 
pressure that is greater than the 
compressor stuffmg box pressure; or 

(2) Equipped with a barrier fluid 
system that is connected by a closed 
vent system to a control device that 
complies with the requirements of 
§ 60.482-10; or 

(3) Equipped with a system that 
purges the barrier fluid into a process 
stream with zero voe emissions to the 
atmosphere. 

(c) The barrier fluid system shall be in 
heavy liquid service or shall not be in 
voe service. 

(d) Each bnrrier fluid system as 
described in paragraph (a) shall be 

· equipped with a sensor that will detect 
failure of the seal system. barrier fluid 
system. or both. 

(e)(1) Each sensor as required in 
paragraph (d) shall be checked daily or 
shall be equipped with an audible alarm. 

(2) The owner or operator shall 
determine. based on design 
considerations and operating 
experience, a criterion that indicates 
failure oi the seal sys tern, the barrier 
fluid system, or both. 

(f) If the sensor indicates failure of the 
seal system, the barrier system. or both 
based on the criterion determined under 
paragraph (e)(2), a leak is detected. 

(g)(1) When a leak is detected, it shall 
be repaired as soon as practicable. but 
not later than 15 calendar days after it is 
detected, except as provided in § 60.482-
9. . 

(2) A first attempt at repair shall be 
made no later than 5 calendar days after 
each leak is detected. 
. (h) A compressor is exempt from the 
requirements of paragraphs (a) and (b), 
if ii is equipped with a closed vent 
system capable of capturing and 
transporting any leakage from the seal 

to a control device that complies with _, 
the requirements of§ 60.482-10, except 
as provided in § 00.482-3(i). 

(i) Any compressor that is designated. 
es described in § 60.486{e) ll) and (2), 
for no detectable emissions. as indicated 
by an instrument reading of less than 
500 ppm above background, is exempt 
from the requirements of paragraphs • 
(a)-(h) if the compressor: 

(1) Is demonstrated to be operating 
with no detectable emissions. as 
indicated by an instrument reading of 
less· than 500 ppm above background, as 
measured by the methods specified in 
§ 60.485(c); and 

(2) Is tested for compliance with 
paragraph (i)(l) initially upon 
designation, annually, and al other times 
requested by the Administraror. 

(j) Any existing reciprocating 
compressor in a process unit which 
becomes an affected facility under 
prQvisions of§ 60.14 or 60.15 is exempt 
from § 60.482 (a). (b), (c), (d), (e). and (h), 
provided Lie owner or operator 
demonstrates that recasting the distance 
piece or replacing the compressor are 
tl:e only options available to bring the 
compressor into compliance with the 
provisions of§ 60.4823 (a), (b). (c). (d}. 
(e), and (h). 

§ 60.482-4 Standards: Preasure relief 
devices In gas/vapor service. 

(a) Except during pres!Ure releases. 
each pressure relief device in gas/vapor 
service shall be operated with no 
detectable emissions, as indicated by an 
instrument reading of less than 500 ppm 
above background. as determined by ·the 
methods specified in§ 60.485(c). 

(b)(1) After each pressure release, the 
pressure relief device shall be returned 
to a condition of no detectable 
emissions, as indicated by an instrument 
reading of less than 500 ppm above 
background, as soon as practicable, but 
no later than 5 calendar days after the 
pressure release, except as provided in 
§ 60.482-9. . 

(2) No later than 5 calendar days after 
the pressure release, the pressure relief 
device shall be monitored to confirm the 
conditions of rio detectable emissions, 
as indicated by an instrument reading·or 
less than 500 ppm above background, by 
the methods specified in § 60.485(c). 

(c) Any pressure relief device that is 
equipped with a closed vent system 
capable of capturing and transporting 
leakage through the pressure relief 
device to a control device as described 
in § 60.482;.10 is exempted from the 
requirements of paragraphs (a) and (b). 

https://60.482;.10
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§ 60.482-5 Standards: Sampli119 
connection 1y1tema. 

(a) Each sampling connection system 
shall be equipped with a closed purge 
system or closed vent system, except as 
provided in§ 60.482-l(c). 

[b) Each closed purge system or 
closed vent system as required in 
paragraph (a) shall: 

(1) Return the purged process fluid 
directly to the process line with zero 
VOC emissions to the atmosphere; or 

(2) Collect and recycle the purged 
process fluid with zero VOC emissions 
to the atmosphere; or 

(3) Be designed and operated to 
capture and transport all the µurged 
process fluid to a control device that 
complies with the requirements of 
§ 60.482-10. 

[c) In-situ sampling systems are 
exempt from paragraphs (a) and (b). 

§ 60.482-6 Standards: Open-ended valves 
orlineL 

(a)(l) Each open-ended valve or line 
shall be equipped with a cap, blind 
flange, plug, or a second valve, except 
as provided in I 60.482-l[c). 

(2) The cap, blind flange, plug. or 
second valve shall seal the open end at 
all times except during operations 
requiring process fluid flow through the 
open-ended valve or line. 

(b) Each open-ended valve or line 
equipped with a second valve shall be 
operated in a manner such that the 
valve on the process fluid end is closed 
before the second valve is closed. 

§ 60.482-7 Standards: Valves In gas/vapor 
service In light liquid service. 

(a) Each valve shall be monitored 
monthly to detect leaks by the methods 
specified in § 60.485[b) and shall comply 
with paragraphs (bHeJ, except as 
provided in paragraphs (f), (g), and (h), 
I 60.483-1, 2, and § 60.482-l(c). 

(b) If an instrument reading of 10,000 
ppm or greater is measured, a leak is 
detected. 

(c)(l) Any valve for which a leak is 
not detected for 2 successive months 
may be monitored the first month of 
every quarter, beginning with the next 
quarter, until a leak is detected. 

(2) If a leak is detected, the valve shall 
be monitored monthly un~il a lead is not 
detected for 2 successive months. 

(d)(l) When a leak is detected, it shall 
be repaired as soon as practicable, but 
no later than 15 calendar days after the 
leak Is detected, except as provided in 
§ 60.482-9. 

(2) A first attempt at repair shall be 
made no later than 5 calendar days after 
each leak is detected. 

[e) First attempts at repair include, but audible, olfactory, or any other 
are not limited to, the following best detection method. 
practices where practicable: [b) If an instrument reading of 10,000 

(l) Tightening of bonnet bolts; ppm or greater is measured, a leak is 
(2) Replacement of bonnet bolts; detected. 
(3) Tightening of packing gland nuts; (c)[l) When a leak is detected, it shall 
(4) Injection of lubricant into _ be repaired as soon as practicable, but 

lubricated packing. not later tlian 15 calendar days after it is 
[f) Any valve that is designated, as detected, except as provided in 

described in§ 60.488(e)(2), for no § 60.482-9. 
detectable emissions, as indicated by an (2) The first attempt at repair shall be 
instrument reading of less than 500 ppm made no later than 5 calendar days after 
above background, is exempt from the each leak Is detected. 
requirements of paragraph (a) if the (d) First attempts at repair include, 
valve: . but are not limited to, the best practices 

(l) Has no external actuating described under§ 60.482-7(e).
mechanism in contact with the process 
fluid, § 60.482-9 Standards: Delay of repair. 

(2) Is operated with emissions less (a) Delay of repair of equipment for 
than 500 ppm above background as which leaks have been detected will be 
determined by the method specified in allowed if the repair is technically 
§ 60.485(c), and infeasible without a process unit 

(3) Is tested for compliance with shutdown. Repair of this equipment 
paragraph (f)(2) initially upon shall occur before the end of the next 
designation, annually, and at other times process unit shutdown. 
requested by the Administrator. · (b) Delay of repair of equipment will 

(g) Any valve that is designated, as be allowed for equipment which is 
described in § 60.486(f)[l), as an unsafe isolated from the process and which 
to-monitor valve is exempt from the does not remain in VOC service. 
requirements of paragraph [a) if: (c) Delay ofrepair for valves will be 

{l) The owner or operator of the valve allowed if: · 
demonstrates that the valve is unsafe to (1) The owner or operator 
monitor because monitoring personnel demonstrates that emissions of purged 
would be exposed to an immediate material resulting from immediate repair 
danger as a consequence of complying are greater than the fugitive emissions 
with paragraph (a), and likely to result from delay of repair, and 

(2) The owner or operator of the valve (2) When repair procedures are
adheres to a written plan that requires effected, the purged material is collected 
monitoring of the valve as frequently as and destroyed or recovered in a control
practicable during safe-to-monitor times. · device complying with § 60.482-10. 

(h) Any valve that is designated. as [d) Delay of repair for pumps will be 
described in § 60.486{f)(2), as a difficult allowed if:
to-monitor valve is exempt from the (l) Repair requires the use of a dualrequirements of paragraph [a) if: mechanical seal system that includes a

(1) The owner or operator ·or the valve barrier fluid system, anddemonstrates that the valve cannot be 
(2) Repair is completed as soon asmonitored without elevating the 

practicable, but"not later than 6 months monitoring personnel more than 2 after the leak was detected.meters above a support surface. 
(e) Delay of repair beyond a process(2) The process unit within which the 

unit shutdown wHl be allowed for avalve is located becomes an affected 
valve, if valve assembly replacement isfacility through § 60.14 or § 60.15,_ and 
necessary during the process unit (3) The owner or operator of the valve 
shutdown, valve assembly supplies have follows a written plan that requires 
been depleted, and valve assembly monitoring of the valv~ at least once per 
supplies had been sufficiently stocked calendar year. 
before the supplies were depleted. Delay 

§ 60.482-8 · Standards: Pumps and valves ofrepair beyond the next process unit 
In heavy llquld service, pressure relief shutdown will not be allowed unless the 
devtcea In light llquld or heavy liquid next process unit shutdown occurs • 
service, and flanges and other connectorL sooner than 6 months after the first 

[a) Pumps and valves in heavy liquid · process unit shutdown. 
service, pressure relief devices in light 

§ 60.482-10 Standards: Closed vent liquid or heavy liquid service, and 
1y1tems and control devlceL flanges and other connectors shall be 

monitored within 5 days by the method [a) Owners or operators of closed vent 
specified in § 60.485(b) if evidence of a systems and control devices used to 
potential leak is found by visual, comply with provisions of this subpart 
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shall comply with the provisions of this 
section. 

(b) Vapor recovery systems (For 
example, condensers and adsorbers) 
shall be designed and operated to 
recover the VOC emissions vented to 
them with an efficiency of 95 percent or 
greater. 

(c) Enclosed combustion devices shall 
be designed and operated to reduce the 
VOC emissions vented to them with an 
efficiency of 95 percent or greater, or to 
provide a minimum residence time of 
0.75 seconds at a minimum temperature 
of 81s·c. 

(d)(l) Flares shall be designed for and 
operated with no visible emissions as 
determined by the methods specified in 
§ 60.48S(g), except for periods not to 
exceed a total of 5 minutes during any 2 
consecutive hours. 

(2) Flares shall be operated with a 
flame present at all times, as determined 
by the methods specified in § 60.48S(g). 

(3) Flares shall be used only with the 
net heating value of the gas being 
combusted being 11.2 MJ/scm (300 Btu/ 
scf) or greater if the flare is steam
assisted or air-assisted: or with the net 
heating value of the gas being 
combusted being 7.45 MJ/scm or greater 
if the flare is nonassisted. The net 
heating value of the gas being 
combusted shall be determined by the 
methods specified in § 80.48S(g). 

(4) Steam-assisted and nonassisted 
flares shall be designed for and 
operated with an exit velocity, as 
determined by the methods specified in 
§ 60.48S(g)(4), less than 18 m/sec {80 ft/ 
sec). 

(5) Flares used to comply with this 
subpart shall be steam-assisted, air
assisted, or nonassisted. 

(6) Air-assisted flares shall be 
designed and operated with an exit · 
velocity less than the velocity, V,,_, as 
determined by the methods specified in 
§ 60.485(g)(5). 

(e) Owners or operators of control 
devices used to comply with the 
provisions of this subpart shall monitor 
these control devices to ensure that they 
are operated and maintained in 

· conformance with their designs. 
(£)(1) Closed vent systems shall be 

designed and operated with no 
detectable emissions, as indicated by an 
ins,rument reading of less than 500 ppm 
11bove backgroy.nd and visual 
inspections, as determined by the . 
methods specified in § 80.485(c). 

(2) Closed vent systems shall be 
monitored to determine compliance with 
this section initially in accordance with 
§ 60.8, annually and at other times 
requested by the Administrator. 

(g) Closed vent systems and control 
devices used to comply with provisions 

of this subpart shall be operated at all 
times when emissions may be vented to 
them. 

§ 60.483-1 Alternative standards for 
valves-allowable percentage of valves 
leaking. 

(a) An owner or operator may elect to 
comply with an allowable percentage of 
valves leaking of equal to or less than 
2.0 percent. · 

(b) The following requirements shall· 
be met if an owner or operator wishes to 
comply with an allowable percentage of 
valves leaking: 

(1) An owner or operator must notify 
the Administrator that the owner or 
operator has elected to comply with the 
allowable percentage of valves leaking 
·before implementing this alternative 
standard, as specified in § 80.487{b). 

(2) A performance test as specified in 
paragraph (c) of this section shall be 
conducted initially upon designation, 
annually, and at other times requested 
by the Administrator. 

(3) If a valve leak is detected. it shall 
be repaired in accordance with § 60.482-
7(d) and (e). 

(c) Performance tests shall be 
conducted in the follow\ng manner: 

(1) All valves in gas/vapor and light 
liquid service within the.affected facility 
shall be monitored within 1 week by the 
methods specified in § 80.48S(b). 

(2) If an instrument reading of 10,000 
ppm or greater is measured. a leak is 
detected. 

(3) The leak percentage shall be 
determined by dividing the number of 
valves for which leaks are detected by 
the number of valves in gas/vapor and 
light liquid service within the affected 
facility. 

(d) Owners and operators who elect 
to comply with this alternative standard 
shall not have an affected facility with a 
leak percentage greater than 2.0 percent. 

§ 60.483-2 Alternative standards for 
valves-skip period leak detection and 
repair. 

(a)(l) An owner or operator may elect 
to comply with one of the alternative 
work practices specified in paragraphs 
(b) (2) and (3) of this section. 

(2) An owner or operator must notify 
tlie Administrator before implementing 
one of the alternative work practices, as 
specified in§ 80.487(b). 

(b)(l) An owner or operator shall 
comply initially with the requirements 
for valves in gas/vapor service and 
valves in light liquid service, as . 
described in§ 60.482-7, 

(2) After 2 consecutive quarterly leak 
detection periods with the percent of 
valves leaking equal to or less than 2.0, 
an owner or operator may begin to skip 

1 of the quarterly leak delection peri6'ds 
for the valves in gas/vapor and light 
liquid service. 

(3) After 5 consecutive quarterly leak 
detection periods with the percent of. 
valves !Paking equal to or less than 2.0. 
an owner or operator may begin to skip 
3 of the quarterly leak detection periods 
for the valves in gas/vapor and light 
liquid service. 

{4) If the percent of valves leaking is 
greater then 2.0, the owner or operator 
shall comply with the requirements as 
described in § 60.482-7 but can again 
elect to use this section. 

(5) The percent of valves leaking shall 
be determined by dividing the sum of 
valves found leaking during current 
monitoring and valves for which repair 
has been delayed by the total number or 
valves subject to the requirements of 
§ 60.483-2. 

{6) An owner or operator must keep a 
record of the percent of valves found 
leaking during each leak detection 
period. 

§ 60.484 Equivalence of means of 
emission llmitatlon. 

(a) Each owner or operator subject to 
the provisions of this subpart may apply 
to the Administrator for determination 
of equivalence for any means of 
emission limitation that achieves a 
reduction in emissions of VOC at least 
equivalent to the reduction in emissions 
of VOC achieved by the controls 
required in this subpart.· 

(b) Determination of equivalence to 
the equipment, design, and operational 
requirements of this subpart will be 
evaluated by the following guidelines: 

(1) Each owner or operator applying 
for an equivalence determination shall 
be responsible for collecting and 
verifying test date to demonstrate 
equivalence of means of emission 
limitation. 

(2) The Administrator will compare 
test data for the means of emission 
limitation to test data for the equipment, 
design, and operational requirements. 

(3) The Administrator may condition 
the approval of equivalence on 
requirements that may be necessary to 
assure operation and maintenance to 

, achieve the same emission reduction as 
the equipment, design, and operational 
requirements. 

(c) Determination of equivalence to 
the required work practices in this 
subpart will be evaluated by the 
following guidelines: . 

(1) Each owner or operator applying 
for a determination of equivalence shall 
be responsible for collecting and 
verifying test data to demonstrate 

https://backgroy.nd
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equivalence of an equivalent means of 
emission limitation. 

(2) For each affected facility for which 
a determination of equivalence is 
requested, the emission reduction 
achieved by the required work practice 
shall be demonstrated. 

(3) For each affected facility, for 
which a determination of equivalence is 

· requested, the emission reduction 
achieved by the equivalent means of · 
emission limitation shall be 
demonstrated. 

(4) Each owner or operator applying 
for a determination of equivalence shall 
commit in writing to work practice(s) 
that provide for emission reductions 
equal to or greater than the emission 
reductions achieved by the required _ 
work practice. 

(5) The Administrator will compare 
the demonstrated emission reduction for 
the equivalent means of emission 
limitation to the demonstrated emission 
reduction for the required work 
practices and will consider the 
commitment in paragraph (c)(4J. 

(6) The Administrator may condition 
the approval of equivalence on . 
requirements that may be necessary to 
assure operation and maintenance to 
achieve the same emission reduction as 
the required work practice. 

(d) An owner or operator may offer a 
unique approach to demonstrate the 
equivalence of any equivalent means of 
emission limitation. 

(e)(l) After a request for 
determination of equivalence is 
received, the Administrator will publish 
a notice in the Federal Register and 
provide the opportunity for public 
hearing if the Administrator judges that 
the request may be approved. 

(2) After notice and opportunity for 
public hearing, the Administrator will 
determine the equivalence oh means of 
emission limitation and will publish the 
determination in the Federal Register. 

(3) Any equivalent means of emission 
limitations approved under this section 
shall constitute a required work 
practice, equipment. design, or 
operational standard within the meaning 
of Section 111(h)(l) of the Clean Air Act. 

(£)(1) Manufacturers of equipment 
used to control equipment leaks of VOC 
~ay apply to the Administrator for 
determination of equivalence for any 
equivalent means of emission limitation 
that achieves a reduction in emissions of 
VOC ac!iieved by the equipment, design, 
and operational requirements of this 
subpart. 

(2) The Administrator will make an 
equivalence determination according to 
the provisions of paragraphs (b), (c), fd), 
and (e). 

§ 60.485 Test methods and procedures. 

(a) Each owner or operator subject to 
the provisions of this subpart shall 
comply with the test method and 
procedure requirements provided in this 
section. 

(b) Monitoring, as required in 
§§ 60.482, 60.483, and 60.484, shall 
comply with the following requirements: 

(1) Monitoring shall comply with 
Reference Method 21. 

(2) The detection instrument shall 
meet the performance criteria of 
Reference Method 21. 

(3) The instrument shall be calibrated 
before use on each day of its use by the 
methods specified in Method 21. 

(4) Calibration gases shall be: 
(i) Zero air (less than 10 ppm of 

hydro·carbon in air); and 
(ii) A mixture of methane or n-hexane 

and air at a concentration of 
approximately, but less than, 10,000 ppm 
med1ane or n-hexane. 

(5) The instrument probe shall be 
traversed around all potential leak 
interfaces as close to the interface as 
possible as described in Reference 
Method21. · 

(c) When equipment is tested for 
compliance with no detectable 
emissions as required in § 60.482-2(e). -
3(i}, -4, -7(£), and -l0(e), the test shall 
comply with the following requirements: 

(1) The requirements of paragraphs 
(b)(1H4) shall apply. 

(2) The background level shall be 
determined, as set forth in Reference 
Method 21. 

(3) The instrument probe shall be 
traversed around all potential leak 
interfaces as close to the interface as 
possible as described in Ref ere nee 
Method 21. 

(4) The arithmetic difference between 
the maximum concentration indicated 
by the instrument and the background 
level is compared with 500 ppm for 
determining compliance. . 

(d)(l) Each piece of equipment within 
a process unit is presumed to be in VOC 
service unless an owner or operator 
demonstrates that the piece of 
equipment is not in VOC service. For a 
piece of equipment to be considered not 
in VOC service, it must be determined 
that the percent VOC content can be 
reasonably expected never to exceed 10 
percent by weight For purposes of 
determining the percent VOC content in 
the process fluid that is contained in or 
contacts equipment, procedures that 
conform to the general methods 
described in ASTM &-260, &-168, &-169 
[incorporated by reference as specified 
in I 60.17) shall be used. 

(2) If an owner or operator decides to 
exclude non-reactive organic 
compounds from the total quantity of 

organic compounds in determining the 
percent VOC content of the process 
fluid. the exclusion will be allowed if: 

(i) Those substances excluded are 
those considered as having negligible 
photochemical reactivity by the 
Administrator; and 

(ii) The owner or operator 
demonstrates that the percent organic 
content. excluding non-reactive organic· 
compounds, can be reasonably expected 
never to exceed 10 percent by weight. 

(3)(i) An ·owner or operator may use 
engineering judgment rather than the 
procedures in paragraphs (d) (1) and (2) 
of this section to demonstrate that the 
percent VOC content does not exceed 10 
percent by weight. provided that the 
engineering judgment demonstrates that 
the voe content clearly does not 
exceed 10 percent by weight. When an 
owner or operator and the 
Administrator do not agree on whether 
a piece of equipment is not in voe 
service, however, the procedures in 
paragraphs (d) (1) and (2) shall be used 
to resolve the disagreement. 

(ii) If an owner or operator determines 
that a piece of equipment is in voe 
service, the determination can be 
revised only after following the . 
procedures in paragraphs (d) (1) and (2). 

(e) Equipment is in light liquid service 
if the following conditions apply: 

(1) The vapor pressure of one or more 
of the components is greater than 0.3 
kPa at 20• e. Vapor pressures may be 
obtained from standard reference texts 
or may be determined by ASTM D-2879 
(incorporated by reference as specified 
in§ 60.17). 

(2) The total concentration of the pure 
components having a vapor pressure 
greater than 0.3 kPa at 20• e is equal to 
or greater than 20 percent by weight; 
and 

(3) The fluid is a liquid at operating 
conditio~s. 

(£) Samples used in conjunction with 
paragraphs (d), (e), and (g) shall be 
representative of the process fluid that 
is-contained in or contacts the 
equipment or the gas being combusted 
in the flare. 

(g)(l) Reference Method 22 shall be 
used to determine the compliance of 
flares with the visible emission 
provisions of this subpart. 

(2) The presence of a flare pilot flame 
shall be monitored using a thermocouple 
or any other equivalent device to detect 
the presence of a flame. 

(3) The net heating value of the gas 
being combusted in a flare shall be 
calculated using the following equ_alion: 
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Where: . . 
HT= Net healins ,·alue or the sample, MJ/ 

san: where the net enthalpy per mole or 
orrsas is based on combustion at 25•c 
and 760 mm Hs. but the standard 
temperature for determinins the volume• 
correspondins to one mole is 20•. 

K•Constont. /.2_\{.s moleJ/~\ 
1.740 X 10' \ppm/\ scm. }\ kcaL } 

where 

SlandatO 1-ata,e lo, g mole is 20"C. 
scm 

C.=Concentration or sample component I in 
ppm. as measured by Reference Method 
18 and ASTM 02504-67 (reapproved 
19n) (incorporated by rcrerence as 
sper.ified in § 60.li). 

11, =Net heat or combustion or sample 
component i. kcal/g mole. The heats or 
combustion may be deformined usins 
AS™ 02JR2-76 (incorporated by 
rderence as specified in § 60.17) if 
published ,·alues are not available or 
cannot be calculated. 

(4) The actual exit velocity of a flare 
shall be determined by dividing the 
volumetric flowrate (in units of standard 
temperature and pressure), as 
determined by Reference Method Z, 2A, 
2C. or 2D as appropriate: by the 
unobstructed (free) cross sectional area 
of the flare lip. 

15) The maximum permitted velocity, 
Vm.., for air-assisted flares shall be 
determined by the following equation: 
V m.,=8.706+ 0.7084(Hrl 

v,...=Mnximum permitted velocity, m/sec. 
8.706=Constant. 
0.7084=Constant. 
1-lr=The net healing value as determined in 

pUTngraph (g)(4). 
(Sec. 11~ or the Clean Air Act as amended (42 
u.s.c. 7414)) 

§ 60.486 Recordkeeplng requlremonta. 

(a)(l) Each owner or operator subject 
to the provisions of this subpart shall 
comply with the recordkeeping 
requirements of this section. 

( (2) An owner or operator of more than 
one affected facility subject to tlm 
provisions of this subpart may comply 
with the recordkeeping requirements for 

these facilities in one recordkeeping 
system if the system identifies each 
record by each facility. 

lb) When each leak is detected as 
specified in § 60.482-2. ·.3, •7, -S. and 
§ 60.483-2. the following requirements 
apply: 

(1) A weatherproof and readily visible 
identification. marked with the 
equipment identification number, shall 
be attached to the leaking equipment. 
. (2) The identification on a valve may 

be removed after it has been monitored 
for 2 successive months as- specified in 
§ 60.482-7(c) and no leak has been 
_detected during those 2 months. 

(3) The identification on equipment 
except on a valve, may be removed after 
it has been repaired. 

(c) When each leak is det.ected as 
specified in § 60.482-2. -3, -7, -8. and 
§ 60.483-2, the following information 
shall be recorded in a log and shall be 
kept for 2 years in a readily accessible 
location: 

(1) The instrument and operator 
identification numbers and the 
equipment identification number. 

(2) The date the leak was detected 
and the dates of each attempt to repair 
the leak. 

(3) Repair methods applied in each 
attempt to repair the leak. 

(4) "Above 10.000" if the maximum 
instrument reading measured by the 
methods specified in § 60.485(a) after 
each repair attempt is equal to or greater 
than 10.000 ppm. 

(5) "Repair delayed'' and the reason 
for the delay if a leak is not repaired · 
within 15 calendar days after discovery 
of the leak. 

(6) The signature of the owner or 
operator'(or designate) whose decision 
ii was that repair could not be effected 
without a process shutdown. 

(7) The expected date of successful 
repair of the leak if a leak Is not 
repaired within 15 days. 

(8) Dates of process unit shutdown 
that occur while the equipment is 
unrepaired. 

(9) The date of successful repair of the 
leak. 

(d) The following information 
pertnining to the design requirements for 
closed vent systems and control devices 
described in § 60.482-10 shall be 
recorded and kepi in a readily 
accessible location: 

(1) Detailed schematics, design 
specifications, and piping and 
instrumentation diagrams. 

(2) The dates and descriptions of any 
. changes in the design specifications. 

(3) A description of the parameter or 
parameters monitored, as required in 
§ G0.482-l0(e), to ensure that control 
d0vices are operated rmd maintained in 

conformance with their design and an 
explanation of why that parameter (or 
parameters) was selected for the 
monitoring. 

(4) !'eriods when the closed vent 
systems and control devices required in 
§ 60.482-2, •3, -4, and -5 are not operated 
as designed, including periods when a 
flare pilot light does not have a flame. 

(5) Dates of startups and shutdowns of 
the closed ·vent systems and control 
devices required in § 60.482-2, -3, -4, and 
-5. 

(e) The following information 
pertaining to all equipment subject to 
the requirements in § 60.482-1 to -10 
shall be recorded in a log that is kept in 
a readily accessible location: 

(1) A list of identification numbers for 
equipment subject to the requirements 
of this subpart. 

(2)(i) A list of identification numbers 
for equipment that are designated for no 
detectable emissions under the 
provisions of§ 60.482-2(e), -3(i) and 
-7(£). 

(ii) The designation of equipment as 
subject to the requirements of§ 60.482-
2(e), -J(i), or -7(£) shall be signed by the 
owner or operator. 

(3) A list of equipment identification· 
numbers for pressure relief devices 
required to comply with § 60.482-4. 

(4)(i) The dates of each compliance 
test as required in § 60.482-Z(e), -3(i), -4, 
and -7(£). 

(ii) The background level measured 
during each compliance test. 

(iii) The maximum instrument reading 
measured at the equipment during each 
compliance test. . 

(5) A list of identification numbers for 
equipment in vacum service. 

(f) The following information. 
pertaining to all valves subject to the 
requirements of § 60.482-7 (g) and (h) 
shall be recorded in a log that is kept in 
a readily accessible location: 

(1) A list of identification numbers for 
valves that are designated as unsafe-to
monitor, an explanation for each valve 
staling why the valve is unsafe-to
monitor, and the plan for monitoring 
each vah·e. 

(2) A list of identification numbers for 
valves that are designated as difficult
to-monitor, an explanation for each 
valve stating why the valve is difficult
to-monitor, and the schedule for 
monitoring each value. 

(g) The following information shall be 
recorded for valves complying with 
§ 60.483-2: . 

(t) A schedule of monitoring 
(2) The perr.enl of valves found 

leuking <luring each monitoring period. 
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(h) The following information shall be 
rec~rded in a log that is ~ept in a readily 
accessible location: 

(1) Design criterion-required in 
§ 60.482-2(d)(5) and§ 60.482-3(e)(2) and 
explanation of the design criterion; and 

(2) Any changes to this criterion and 
the reasons for the changes. 

(i) The following information shall be 
recorded in a log that is kept in a readily 
accessible location for use in 
determining exemptions as provided in 
§ 60.4BO(d): 

(1) An analysis demonstrating the · 
design capacity of the affected facility, 

(2) A statement listing the feerl or raw 
materials and products from the effected 
facilities and an analysis demonstrating 
whether these chemicals are heavy 
liquids or beverage alcohol, and . 

(3) An analysis demonstrating that 
equipment is not in voe service. • 

(j) Information and data used to 
demonstrate that a piece of equipment is 
not in voe service shall be recorded in 
a log that is kept in a readily accessible 
location. 

(k) The provisions of H 60.7 (bl and 
(d) do not apply to affected facilities 
subject to this subpart. · 

(Sec. 114 or the Clean Air Act as amended (42 
u.s.c. 7414)) 

(Approved by the Office or Management and 
Budget under the control number 2060--0012) 

§ 60.487 Reporting Requlrementa. 

(a) Each owner or operator subject to 
the provisions of this subpart shall 
submit semiannual reports to the 
Administrator beginning six months 
after the initial start up date. 

(b) The initial semiannual report to 
the Administrator shall include the 
following information: 

(1) Process unit identification. 
(2) Number of valves subject to the 

requirements of § 60.482-7, excluding 
those valves designated for no . 
detectable emissions under the 
provisions of § 60.482-7((). 

(3) Number of pumps subject to the 
requirements of § 60.482-2, excluding 
those pumps designated for no 
detectable emissions under the 
provisions of§ 60.482-2(e) and those 
pumps complying with I 60.482-2((). 

(4) Number of compressors subject to 
the requirements of § 60.482-3, 
excluding those compressors designated 
for no detectable emissions under the 
provisions of § 60.482-3(i) and those 
compressors complying with § 60.482-
3(h). 

(c) All semiannual reports to the 
Administrator shall include the 
following information. summarized from 
the information in § 60.486: 

(1) Process unit identification. 

(2) For each month during the 
semiannual reporting period, 

(i) Number of valves for which leaks 
were detected as described in 
§ 60.482(7)(b) or§ 60.483-2, 

(ii) Number of valves for which leaks 
were not reported as required in· 
§ 60.482-7(d)(t), 
- (iii) Number of pumps for which leaks 
were detected as described in §§ 60.482-
2(b) and (d)(6)(i), 

(iv) Number of pumps for which leaks 
erer not repaired as required in 
§§ 60.482-2(c)(l) and (d)(6)(ii), 

(v) Number of compressors for which 
_leeks were detected as dcsclibed in 
§ 60.482-3((), 

(vi) Number of compressors fo, which 
leaks were not reported as required in 
§ 60.482-3[g)(1); and 

(vii) The facts that explain each delay 
of repair and, where appropriate. why a 
process UJ1it shutdown was technically 
infeasible. 

(3) Dates of process unit shutdowns 
which occurred within the semiannual 
reporting period. 

(4) Revisions to items reported 
according to paragraph (b) if changes 
have occurred since the initial report or 
subsequent revisions to the initial 
report. 

(d) An owner or opertor electing to 
comply with the provisions of §§ 60.483-
1 and -2 shall notify the Administrator 
of the alternative standard selected 90 
days before implementing either of the 
provisions. 

(e) An owner or operator shall report 
the results of all performance tests in 
accordance with § 60.8 of the General 
Provisions. The provisions of§ 60.8(d) 
do not apply to affected facilities subject 
to the provisions of this subpart except 
that an owner or operator must notify 
the Administrator of the schedule for the 
initial performance tl!sts at least 30 days 
before the initial performance tests. 

(f) The requirements of paragraphs (a) 
through (c) of this subsection remain in 
force until and unless EPA. in delegating 
enforcement authority to a State under 
Section lll{c) of the Act, approves 
reporting requirements or an alternative 
means of compliance surveillance · 
adopted by such State. In that event, 
affected sources within the State will be 
relieved of the obligation to comply with 
the req~irements of paragraphs (a). 
through (c) of this subsection, provided 
that they comply with the requirements 
established by the State. 
(Sec. 114 or the Clean Air Act aa amended (42 
u.s.c. 74141) 

Approved by the Office or Management and 
Budget under the control number 2000--0012) 

§ 60.488 [Reserved) 

§ 60.489 Ust of chemicals produced by 
affected facllltles. 

(a) The follo.,.,ing chemicals are 
produced, as intermediates or final . 

· products, by process units covered 
under this subpart. The applicability 
date for process units producing one or 
more of these chemicals is January 5, 
1981. 

CAS No.• 0letnical 

105-57-7 __ Acelal. 
75-07-0 Acelaldel!yde. 
107-89-1-- Ace1aldol. 

eo-35-5 __ --
103-&4--4 -
6'-11-7 ---
1011-24-7 -~57-84-1 __ _ 

7~5-- Acatonecyanot,ydrin.
75-05-8 __. -
~2--Acelopll-.
75-3&-5 __ Acelytc:NoriclL 

74-8&-2 ~-
107-02-8 AcrOMin. 
79-0&-1--~ 
n-10-1 Acrylic --
107-13-1 __ ~ 
124-04-t ___ Adl!Jic: __ 
111-811-,1 __ ~ 

rl-----l Allt,t ~ 
107-1&-I Alyt_,.,._ 
107-05-1 Allylc:Norl:le. 
1321-11-5 Amil-.oc --
111 ◄ 1-I A.1•.oea,~---
12:J..».8 P-~ 
112&-83-7, 123- Nf1yf, ....... 

12-2. 
71-41-0• Alrrflatcr:,hola. 
110-51-7 _,. ...... 
5'3-SM AlrrflcNolld& 
110-M-7• Alrrfl nwcaplanL 
1322-0&-1 Alrrfl pllenoL 
112-53-3 .--
1"2-1 _ t.,,dl..,.oa..-.'1101.,..id&._... 

211191-52-4 -

1oo..-311&-92-3---·Anl!Wlll'iie acid. 
6'-65-1 MllnquinonL
100-sz-1 __ ~ 
55-21-0 a.-,,ide.
11-43-z __ s.nz-- ~ add.96-11-3---~--
13'-81-8 Benzi. 
711-93-7 8enzlic: acid. 
es-85-0 -- 8ermic acid. 
119-53-8-- h,mn. 
100-47-0---Benzonillle. 
1tM1-9-- 8eniopllenone. 
tll-07-7 Be11aJ11k:Noiide. 

88-88-4 ~-100-51-8.___ llenzylelc:choL 
100-411-9- Benzytaminli. 
120-51◄--- llenzyl benZoel& 
100-44-7 __ llenzyl-. 
96-87-3__ llenzyl dct1loride. 
92-52◄--- l!iphenyl. 
80-05-1--~ A. 
10-M-1 ____ s,omcbenz.,,._ 
27497-51 ◄- Eltomonoll>h-
1011-119-0.-- But-.
1011-96-t.:____ 1-. 
123-116-4 l'HIUl)'I ...... 
141-32-2.--. l'HIUl)'I acrylelw. 

71-36-3 ---·· l'HIUl)'I alcohol. 
711-92-2 -· •butyl elc:choL 
75-115-0 -- I-butyl elc:choL 
109-73-1--~ 
13952-84-8- a-bulylamine. 
7s-&4-t 1-bulylalnine. 
96-73-7 ----· p.lel1-bulyl benzolc add.
107-88-0_ .. ___ 1,3-butyienegtyccl.. 

123-72-8---·· n-bulyr~ 
107-92-8-- 8u1yllc ac:id. 
1011-31-0 .. -- 8u1yllc an¥ride. 
109-74-0.---··· ~ 1os-eo-2.,._____ CaprOlactam. 

75-1-50 -- Cetbon dilulllde. 

https://t.,,dl..,.oa..-.'1101.,..id
https://Amil-.oc
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CASNo. • a.-ai 

Cart,c., ........Ilda. 
56-23-4 Carbo,, ...adlbtdL 
9004-35-7 __ ~-
79-11-8 ~acid. 

10&-42-9-- ~·-~1-2 o-dlbwww._,._ 
106-47-1-- ~·--
35913-09-8-- Chlcw-lZlldohtd& 
1011-80-7 Ct.,._u•'--
118-91-2. 535- Chlcw-- add. 

~74-11-
3'. 

2136-81~. Ct...ot....otnchl,o,icle. 
2136-ff-2. 
5218-25-1•. 

1321-03-5 
2~97-~ ~ 
7s--45-4---~157-M,.3 ___ Ovorolaml. 

255815-13-0 CNcw'C,,..,....._ 
158-~---~ 
100-Q()J.;__ p.c:lllo.o.lacb.w-• 
251157-80-0 O>bc,p•OOIL · 
128-W-8 ~ 
779<1-M-5 CNcwl)aullani: acid. 
106-41-1--~ 
IIS-49-1 ~. 
1~--~ 
75-72.9 ~ 

101-39-1 -IIS-48-7 l>OelOI. 
1~5--~
1319-77-3__ Mmad .,_ 

1319-77-3-- C,uyt,e 80d. 
4170-30-Q__ OOlaNldenyda. 

3724-85-0 Clolonc 80d. 
9'-IZ-8 eun-
ll0-15-1 C....... l'lldi'oi--
372-09-1 __ Cyw,oecetie llCid, 

506-77~--o,.,_cfllarda. 
108-80-5-- Cywuic Kid. 
108-77-0 Cywuic c:hlancle. 
110-12-7 Cydol,nana. 
10&-93-4 ~ 
108-94-1--~ 
110-83-I--~ 
10&-81-8 ~ 
111•7M ~ 
112-3C).1 __ Oecanc1. 
123-42-2-- OiaclllOne llc:ohol. 
2757-1 ~ acic1 
95-7&-1, ~2- l)cNcrC..,lil ... 

,. 554-()0-7, 
eot-27-5. 
60&-31-1, 
1128-43-7, 
27134-27-e. 
57311-92-9 •. 

S41·73-1 m-ck:l...ot,e,a..,._ 
95-50-1 C><kHc,-...._ 
1~7--~ 
75-71-8 ~luOromttlw,e. 

111-'4-4-- llic:tiloroelh- -. 
107--08-2-- 1.2~ (EDCI. 
98-23-1 OocNcroi,,dnn. 
26952·23-I-- Oic:llloropopen 
101~1--~ 
109....7 ~- [)id,yta.-.
111-46-ll___ ~glyccl. 
112-3&-7 __ Oielhytene glycol <'8lhyl •the<. 
111.911-1__ Oiethyleneglyccl_lhyl_. 

112-34-5__ Ooett,ylene gtycol monot>ut,1 "'""'· 
124-17-7 ___ ~ 91Yec1 monobu1yi •!hot.,. 

late. 
111-91).(1___ Oie1hylene g1ycc1 -thy!·-·
112-15-z___. Oielhylenll g1ycc1 ""'"°"lhyf et11er ... 

la... 
111-77-3.___ Oielh~ glycol monomelht\ -· 
154-a7.5 ___ Oiell¥ tultaia. 
75-37-e ___.•.. t)fluoroe!hane. 
251157-70-8 __ ~. 
26761....«I-G___ Oiisodec:yl phthalate. 

275!>'-211-3-- Oittooc:lyl phthalale. 
674-82-1--·· Ci--. 
12•~---~-
121-M-7 __ N.~u-,ta,iline. 
115-10-6 .••. - •.- N."--thyl-. 
68-12-2 -·--··· N.N_lhylt_. 
57-1 ...7 ---··" o.n.tt,yttoo,drazine. 
77-78-1 -·· --·-·· 0orMtt,yt .......... 
75-18-3--·- [l.melhyl IUlhiM. 
157-68-5 ···-·--· Omelhyl IUlfoude. 
120-e,-a •.•.- ..... 0orMtt,yt lerec,t,dlaiale. 

99-34-3 ········-•" 3,s-or.vot,enzooc ICld. 

CAS No.• Q,enical 

51-28-5---0inil,ophencl. 
25321-14-11.-- OinillolOluene. 
123-91-1--o.i-. 
646-0IS-O--· 0ioxllene.
122-39-4 __ Diphenylalnlne. 
101-14-11.--. l)phon,t-. 
I 02-o&-9 - C).pllenrl ll1iOuNL 
2S265-71-8--~~ 
2$378-22-7__ ~ 

29S7S-17~-- OOdecyfrilne. 
2719:HIIS-I-- ~IOI. 
I~ ~ 
114-17-5--- Elhanol. 
141-43-5 • Elhlnolalnines. 
141-7M Elllyl &Cetale. 
141-97-9 Ett,yl~ 
1'°"8a-5·--- Ethyl ac:r,-tate.
75-04-7 ___ Elht\1mine. 

100-41 ◄ E~/fbellzerw. 
74-98-'--- ElhylbrOINdL
9004-57.3__ Elhylcellulola. 
75-00-3--. Elhyl cNonde. 
105-39-5 __ Elllyl~te. 

105-56-4--E~ 
74-85-1 E~ 
98-49-1 ·---. Elhylne caitonlle. 
107-07-3-- Elllylena Cl\lotollydl1n.
107.15-3__ E~ 
106-93-4-- E~ dibrOfflide. 
107-21•1-- Elllylena ~ 
111.55-7 __ Elhylene glycol dacelate. 

110-71-4 En,ytane OfY<d ci1ne11¥ -· 
111-1&-2__ Elhylene c;,c,ot monot,u1y1 -· 
112-07-2 ___ Elhylene g1ycc1 ~ - aoelalL 

110-80-5 Elhylene glyo;A ""'"°"u,y -· 111-15-9 __ Ett,y1ene gtycol monelhyf et!W acetate. 
11»-86-4 Elhylei'le fh<d rnonc,n18111yf elh«. 
110-4&-a-- Elhylene glycol monon'4ll1yl - -. 

lala. . 

122-89--6-- Ea,ytene "1cd rnonoph9nyl -· 
2I07-3C).t Elllylena fh<d ,-opyt -· 
75-21-1, Ethylelle Ollide. 
ao-a-1 Elh)l -
104-78-7 2..~ 
122-51-0 Elllyl ont,o,o,mate. 
ts-92-1 Elllyl oxalala. 
4ll!t2-71-1 Elllyl IOdl,tn aulaeelale. 
50-<>0-0--F~ 
75-12-7 F--. 
6'-IM Fcm,icllCid. 
110-17-1-- Fumaric IICid. 
88-01·1--- F..,._ai.
56-al-5 ___ Glycerol. 

~!>-T.H--· Glycetol ckNorc,hydnn. 
25791-96--2-- Gtyce<ol -. 
~---· Glycine.
107-22-2-- Gl)odl 
118-7...1-- ~Jorobenz-. 
67-72-1 --- HeucNor-... 
38653-82~-- Heudecyt --
124-00-4 Heqjne~. 
629-11-1.-- Hnamelhy'- glytol.
100-97-0.__ Hesamelhylenetotramr,e. 

7•-90-.9 ·--· Hydrogen cyanide.123-31-t__ li)'dr__,.,,.,.. 
99-118-7 ___ ~ IICid. 
26760-34-5-. lsoamy!one. 
78-al-1---· lsobulanol. 
110-19-0••__ IIOllultl acetaia. 
115-11-7 -- llcl,uty-
78-34-2 --- lsobutyraldehydo. 
711-31-2 ···-- lsobutyric IICld. 
25339-17·7--- IIOdecanol. 
26952-21-e__ 1SOOC1Y1 alcohOl 

78-78-4--·· '-"-· 
i'&-59-1 laophafone .• 
121-91-5---· lsophlllllic acid.. 
78-79-5 ·---· bop,-.
157-153-0 lsop,opanol. 
108-21~-- bcptcpyl acetate. 
75-31-0.-- lsop,opyiamine. 
75-29-e---· le.op,opy! chlotlde. 
25168-0&-3..- lscprcpylphenc)I. 
483-51-4.--. Kai-. 
(') _____, Linell all<t\ sultanate. 
123-01-3.--. Linell alkylbenl- (linell ~ 

%-).• 
110-1&-1 ...... _ .. M.,ie.: acid. 
108-31-15 ••.••• _ .. MaleiC anhydride. 
6915-15-7---··•· Maio: 1C1C1. 
141-79-7-•••·· Mel'tyl Olide. 
121-'7-1 •.--·· Metaniloe acid. 
79"'1-4 ......-..... Mell\ac,ytie 11cic1. 
563-47-3 ...-·-·· Melllaliyl chlond<I. 

CAS No.• 

e1-515-1 -·-···-·· Metllenol. 
79-20-9 ··-····-··· Meu,,I _,.... 
105"'5-3--- Men,,f-lale. 
74-89-5--···---· Me~ 
100-IS1-IS._ ••. _ •.• ~~. 

74-83-9 ·-·······- MeC/lyf bromide. 
37365-71•2-·--· Meffl)1 bury,,ol. 
74-87-3 •.--- Men,,f~.• 
108-87-2 ·---- Mett,ytcyelOlleane. 
1331-22-2---· Mell!ylcyc-
75-09-2 ·--·-~ chlon!le.101-77-9 .. ___ Melliylene (H-. 
101-68-8 ---· Me~ diphenyl dlisoc:y1na1e. 
78-93-3 ·--·· Mett,yf eu,,f ketone. 
107-31-3·--··· M911'lyl lormale. 
10&-11-2----- Methyl ilobutyl camincl 
108-10-1 ·--·· Methyl isol:ui,1 ketone. 
80-62-e -·-· Methyl~.... 
77-75-8 ----· Mett,ylpenty,,01.
98-83-9---· .....,111y1,1yr-. 
110-91-1.--- Morphollne. 
85-47-2 --··-· 1-naphllla- sUllonc wd. 
1:Z0-18-3---· b-naph11>1- sullon,c 1od. 
llo-15-3---· ...aph"°'-
135-19-3-- b-Nphlllol. 
75-te-9---· ~ acid, 
88-74-4 ---· o-,noenJ.-... 
100-01-11•.--~-
91-23-1 ·-·-· fMlilroani9ole. 
100-17-'·----· p.nlJOW1iS0le. 
9&-95-3 ..-- N~. . 
2111e-e3-:.:-._._ Nilloben:oc acid 10.rn. and p). 

79-24-3 --· N11roeV,.,,.. • 
75-52-5 -·--·· Notrometnane. 
88-75-5 ---- U~IJOl)henol. 
25322-01 ◄--· Nilroprcoane.
1321-12-11.__ Nivo-. 
2n15-95-a__ ~-
2.5154-52·3-- Noftylphenol 
27193-28-8--~ 
123-63-7 Par__,.,.. 
115-77-5 ~ 
10!Hl5-0---· ~ 
1~7-1 1._._ 
127-111-'-- P-:i,ytene. 
S04-42-3-- Pet,:t,lororoell'lyt -· 
114-~2---~
156-43-4 __ p.pi,.,1"'1-
108-95-2-·- ~ 
911-37-t. 585- PIMlnoldlri: acidl. 

33-15.~ 
I, 1333-3!1-7 •. 

91-40-7 ____ ~-anilicaciO. 

l'l----,~
75-4-0-5 •.___• ""°'9e"ft. 
95--9.-- Phll-.a'<: anhydride..
eS-'1-11_·__ Phtl'.al,,,..,.. 

108-119-e-- ~-.11o-as.-0.___ ~ 

0003-29-15. Polyw.-.. 
2503&-29-7'. 

25322-68-3 Pol,<.lllt\ene gtycol. 
25322-E9-I- Polyprepyler.t glycol 
123-36-15 P,cpoonal Clellyde. 
~·-- P,cpo,,ic acid.71.23.9 ___ i..popyl~ 

107-10-8 P,cpylan,ina. 
Sol0-5-1•5·-·-··· PYcpyl chlarot.. 
115-07-1.___ "'°",..__ 
127-00-1-- Propylene chlotohydm. 
711-87-5 -··-··-· Propylene tfl'.htoricle. 
57-55-8 --- Propy- i;tycol 
75-515-9 --·-- Prcpyl- 011cle. 
II~I. Pyridone.
106-51-4 ___ Ouinone. 
108-4&-3••--. Reson:inol. 
27138-57◄ ..--~ acid. 
69-72-7 -- Sl!lc-/fiC acid. 
127-09-3 ... -·- Sodium acetate. 
532-32-1 .••• -- Sodium benzoale. 
9004-32-4..•.- .... Sodium catbOi<ymelhtl eelluloae. 
3921S-e2-3-• Sc,d;um cNor030elalG. 
141-53-7 ____ Soda,m lorm11e. 
139-02-e••.•-.-· So6um pnen:aie. 
110-44-1-- So,t,ic acid. 

IOD-42-5.- ~--
110-15-15 ••.•..•• - SucONC acid. 
II0-151-2 •.• __.. SuccinoNlrile. 
121-57-3 ••••.•. - ... Sultarolie 1od. 
128-33-0-·--· Sultolene,
1401.55-4__ Tan...: acid. 
100-21-0.-••--. Te<ept,lhti;c acicl. 
79-34-5 • .......- .. T111acNoroellla""-
117-08-8 ..... -- Te1t1cNorOP11111ahe 1nhydnde. 

https://Phtl'.al
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CAS No.• Olemic:al 

78-00-2---- Te1rae1hyl a.Id. 
119-64-2-- T•~ 
85-43-e --- Telral'!Oopleue lfflyQ'lde. 
75-74-1--- Te1ramott,1-. 
IID-«>-1 --· Tetremelllylel...,,,;,,._ 
110-IB-9---· Tetr~ 
108-tB-3-- T-
95-80-7 T-2..-. 
514-64-9 --· T~4-dlloqolr-.le. 
26471-12-5-- T.,,,_ diaocyllnata (nixve). 
1333-07-11--T~ 
104-15-4'-- Toi--.itcri:aadl. 
118-5!1-9 T........non,t c:Noric!e. 
26915-12-t.__ T~ 
87-81-6, 108- T~ 

70-3, 120""2-
I •. 

71-5~--- l,l,14rictlloroethan 
79-00-5_ 1,1.2-~ 
7M1-B--- Triellloroelllyt •
7s-Q-4 ___ T~ 

~1~ --- 1,2.3-Dic:Nolop.--. 
76-13-1 --- l,l.2-lricHaro-1.2.2-llitluoroelhaM. 
121-44-8-- TnllhyleninL 
112-27-8 Trielhylene glya,I. 

112-411-2-- Trielliylene SllrlXII cimefflrl -· nse-114-7 __ T~ 
75-50-3 ___ T~ 

57-13-6--- Urea. 
1~-- Vonyl acelal9. 
7S-01-4--- Vonyl clllcride. 
75-35-4 ___ ~v.,,_,. 
25013-15-4-- Vonyl -
1330-20-7__ x,..,,.. (traed). 

115-47-6 --- o-.,-.
IOG-42-3.-- P-,,..,.. 
1300-71-6-- Xylenal 
1300-73-8 Xpoine. 

•CAS ~ rel• to Ille 0,0,...,.. Abslracts Reg,slry 
..-, Usagned to spec,&c~--. or"""""" 
or tneffloC:l!S. Some-. or - 111a1 .. -..eel t,y 
U>e slandlrdl do nol - CA$,__,_. aUigned 10 1loem.
The-llPP'rloelollle __ losled._ 
CAS ..-s have been aUigned or not. 

• No CAS ...,_,,1 llave - au.o,,ed lo 111i1 cflemic:a~
111-., or "'°""'"C0ftllining-~ 

•CA$ ..-. tor """"' °' ... -- ... -cl; ...
llandlrds applr 10 al ol "'9 _,_. and fflllU'es, _, d 
CAS~allavenol-Usq,ed. 

5. In Appendix A of Part 60, Method 
18 is added as follows: 

Method ls-Measurement or Gaseous 
Organic Compound Emissions by Gas 
Chro~etography 

Introduction 
(This method should not be attempted by 

persons unfamiliar with the performance 
characteristics or gas chromatography, nor by 
those persons who are unfamiliar with source 
sampling. Particular care should be exercised 
in the area of safety concerning choice or 
equipment and operation in potentially 
explosive atmospheres.) 
1. Applicability and Principle 

1.1 Applicability. This method applies to 
the analysis of approximately 90 percent of 
the total gaseous organics emitted Crom an 
industrial source. It does not include 
techniques to identify and measure trace 
amounts of organic compounds, such as those 
fou,td in building air and fugitive emission 
sources. 

This method will not delermine compounds 
that (1) are polymeric (high molecular 
weight). (2) can polymerize before analysis, 
or (3) have very low vapor pressures at stack 
or instrument conditiona. 

1.2 Principle. This method is based on 
separating the major components or a gas 
mixture with a gas chromatograph (GCJ and 
measuring-the separated components with a 
suitable detector. 

The retention times of each separated 
component are compared with those or 
known compounds under identical 
conditions. Therefore, the analyst confirms 
the identity and approximate concentrations 
of the organic emission components 
beforehand. With this information. the 
analyst then prepares or purchases 
commercially available standard mixtures to 
calibrate the CC under conditions Identical to 
those or the samples. The analyst also 
determines the need for sample dilution to 
avoid detector saturation. gas stream 
filtration to eliminate particulate matter, and 
prevention of moisture condensation. 
2. Range and Sensitivity 

2.1 Range. The range or this method is 
from about l part per million (ppm) to the 
upper limit governed by CC deteclor 
saturation or column overloading. The upper 
limit can be extended by diluting the stack 
gases with an inert gas or by using smaller 
gas sampling loops. 

2.2 Sensitivity. The sensitivity limit for a 
compound is defined as the minimum 
detectable concentratipn of that compound, 
or the concentration that produces a signal
to-noise ratio or three to one. The minimum 
detectable concentration is determined 
during the presurvey calibrali!:ln for each 
compound. 
3. Precision and Accuracy 

Gas chromatographic techniques typically 
provide a precision or 5 to 10 percent relative 
standard deviation (RSDJ, but an experienced 
GC operator with a reliable instrument can 
readily achieve 5 percent RSD. For this 
method, the following combined CC/operator 
values are required. 

(a) Precision. Duplicate analyses are within 
5 percent or their mean value. 

(bl Accuracy. Analysis results of prepared 
audit samples are within 10 percent of 
preparation values. 
4. Interferences 

Resolution interferences that may occur 
can be eliminated by appropriate GC column 
and detector choice or by shifting the 
retention limes through changes in the 
column flow rate and the use or temperature 
programming. 

The analytical system 11 demonstrated to 
be essentially free from contaminants by 
periodically analyzing blanks that consist of 
hydrocarbon-free air or nitrogen. · 

Sample cross-contamination that occurs 
when high-level and low-level samples or 
standards are analyzed alternately, is best 
dealt with by thorough purging of the GC 
sample loop between samples. 

To assure consistent detector response, 
calibration gases are contained in dry air. To 
eliminate errors in concentration calculations 
due to the volume or waler vapor in the 
samples. moisture concentrations are 
determined for each sample, and a correction 
factor Is applied to any sample with greater 
than 2 percent water vapor. · 
5. Presurvey and Presurvey Sampling 

A presurvey shall be performed on each 
source to be tested. The purpose of the 
presurvey is to obtain all information. 
necessary to design the emission teat. The 
most important presurvcy data are t_he 

average stack temperature and temperature 
range, approximate particulate concentration, 
static pressure, water vapor content, and 
Identity and expected concentration of each 
organic compound to be analyzed. Some of 
this information can be obtained from 
literature auweys, direct knowledge, or plant 
personnel. However, presurvey samples of 
the gas shall be obtained for analysis to 
confirm the Identity and approximate 
concentrations or the specific compounds 
prior to the final testing. 

5.2 Apparatu ■• 
5.1.1 Teflon Tubing. (Mention or trade 

names or specific products does not 
constitute endorsement by the U.S. 
Environmental Proteclien Agency.) Diameter 
and length determined by coMection 
requirements or cylinder regulators and the 
GC. Additional tubing la necessary to coMect 
the GC sample loop lo the sample. 

5.1.2 Gas Chromatograph. GC with 
suitable detector, columns, temperature
controlled sample loop and valve assembly. -
and temperature programable oven. If 
necessary. The GC shall achieve sensitivity 
requirements for the compounds under study. 

5.1.3 Pump. Capable or pumping 100 ml/ 
min. For flushing sample loop. 

5.1.4 Flow Meter. To accurately monitor 
sample loop flow rate of 100 ml/min. 

5.1.5 Regulators. Used on gas cylinders 
for GC and for cylinder standards. 

5.1.8 Recorder. Recorder with linear strip 
chart is minimum acceptable. Integrator 
(optional) is recommended. 

5.1.7 Syringea. 1.0- and 10-microliter size. 
calibrated. maximum accuracy (gaa tight) for 
preparing standards and for Injecting head 
apace vapor from liquid standards in 
retention time studies. 

5.1.8 Tubing Fittings. To plumb CC and 
gas cylinders. 

5.1.9 Septums. For syringe injections. 
5.1.10 Glass Jars. If necessary, clean

colored glass jars with Teflon-lined lids for 
condensate sample collection. Size depends 
on volume of condensate. 

5.1.11 Soap Film Flow Meter. To 
determine flow rates. 

5.1.12 Tedlar Bags. 10- and 50-liler 
capacity, for preparation or standard,. 

5.1.13 Dry Gas Meter with Temperature 
and Pressure Gauges. Accurate to ±2 
percent, for perparation or gas standards. 

5.1.14 Midget lmpinger/Hot Plate 
Assembly. For preparation of gas standards. 

5.1.15 Sampl"e Flasks. For presurvey 
samples. must have gas-tight seals. 

5.1.18 Adsorption Tubes. If necessary, 
blank tubes filled with necessary adsorbent 
(charcoal, Tenax. XAD-2, etc.) for presun•ey 
samples. · 

5.1.17 Personnel Sampling Pump. 
Calibrated. for collecting adsorbent tube 
presurvey samples. · 

5.1.18 Dilution System. Calibrated. the 
dilution system 11 to be constructed following 
the specifications of an acceptable method. 

5.2 Reagents. 
6.2.1 Deionized Distilled Waler. 
5.2.2 Methylene Dlchiorlde. 
15.2.3 Cali bra lion Gases. A aeries or 

standards prepared for every compound or 
Interest. 
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5.Z.4 Calibration Solutions. Samples of all 
the compounds of Interest in a liquid form. for 
retention time studies. 

5.Z.5 Extraction Solvents. For extraction 
of adsorbent tube samples in preparation for 
analysis. · 

5.Z.6 Fuel. As recommended by the 
manufacturer for operation of the GC. 

5.Z.7 Carrier Caa. Hydrocarbon free. as 
recommended by the manufacturer for 
operation of the detector and compatability 
with the column. 

5.Z.8 Zero Gas. Hydrocarbon free 'Bir or 
nitrogen, to be used for dilutions, blank 
preparation, and standard preparation. 

5.3 Sampling. · 
5.3.1 Collection of Samples with Glass 

Sampling Flasks. Presurny samples can be 
collected in precleaned 2SO-ml double-ended 
glass sampling flasks. Teflon stopcocks, 
without grease, are preferred. F1aaks should 
be cleaned 81 follows: Reinove the stopcocks 
from both ends of the flasks; and wipe the 
parts to remove any grease. Clean the 
stopcocks, barrels, and receivers with 
methylene dichloride. Clean all glass ports · 
with a soap solution. then rinse with tap and 
deionized distilled water. Place the fl15k in a 
cool glass annealing furnace and apply heal 
up to 50(>' C. Maintain at this temperature for 
1 hour. After this lime period. shut off and 
open the furnace to allow the flask to cool. 
Grease the stopcocks with stopcock grease . 
and return· them to the flask receivers. Purge 
the assembly with high-purity nitrogen for Z 
to 5 minutes. Close off the stopcocks after 
purging to maintain a alight positive nitrogen 
pressure. Secure the stopcocks with tape. 

Presurvey sample, can be obtained either 
by drawing the gases into the previously 
evacuated flask or by drawing the gases into 
and plll'3ing the flask with a rubber suction 
bulb. 

5.3.1.1 Evacuated Flask Procedure. Use a 
_high-vacuum pump to evacuate the flask to 
the capacity of the pump: then close off the 
stopcock leading to the pump. Attach a 6-mm 
outside diameter (OD) glass tee to the flask 
inlet with a short piece of Teflon tubing. 
Select a 6-mm OD borosilicate sampling 
probe, enlarged at one end to a 12-mm OD 
and of sufficient length to reach the centroid 
of the d11ct to. be sampled. Insert a glass wool 
plug In the enlarged. end of the probe lo 
remove particulate matter. Attach the other 
end of the probe to the tee with a short piece 
of Teflon tubing. CoMect a rubber suction 
bulb to the third leg of the tee. Place the filter 
end of the probe at the centroid of the duct. 
and purge the probe with the rubber suction 
bulb. After the probe is completely purged • 
and filled with duct gases, open the stopcock 
to the grab flask until the pressure In the 
flask reaches duct pressure. Close off. the 
stopcock. and remove the probe from the 
duct. Remove the tee from the flask and tape 
the stopcocks to prevent leaks during 
shipment. Mea·sure and record the duct 
temperature and preaaure. 

5.3.1.Z Purged Flask Procedure. Attach 
one end or the aampling flask to a rubber .( suction bulb. Attach the other end to a 6-mm 
OD glass probe as described In Section 
5.3.1.1. Place the filter end of the probe at the 
centroid or the duct, and apply auction with 
the bulb to completely purge the probe and 

flask. After the flask has been purged, close 
off the 1topcock near the suction bulb, and 
then close the stopcock near the probe. 
Remove the probe from the duct. and 
disconnect both the probe and suction bulb. 
Tape the stopcocks to prevent leakage during 
ahlpmenL Measure and record the duct 
temperature and pressure. 

5,3.Z Flexible Bag Procedure. Tedlar or 
alwninized Mylar bags can also be used to 
obtain the presurvey sample. Use new bags, 
and leak check them before field use. In 
addition. check the bag before use for 
contamination by filling it with nitrogen or 
air, and analyzing the gas by CC at high 
sensitivity. Experience indicates that it is 
desirable to allow the inert gas to remain in 
the bag about 24 hours or longer to check for 
desorption of organics from the bag. Follow 
the leak check and sample collection 
procedures given in Section 7.1. 

5.3.3 Determination or Moisture Content. 
For combustion or water-controlled 
processes, obtain the moisture content from 
plant persoMel or by measurement during 
the presurvey. If the source is below 59• C. 
measure the wet bulb and dry bulb 
temperatures, and calculate the moisture 
content using a psychrometric chart. At 
higher temperatures, use Method 4 to 
determine the moisture content. 

5.4 Determination or Static Pressure. 
Obtain the static press_ure from the plant 
persoMel or measurement. If a type S pilot 
tube and an inclined manometer are used, 
take care to align the pilot tube 90• from the 
direction of the flow. Disconnect one of the 
tubes to the manometer. and read the static 
pre11ure; note whether the reading is positive 
or nega live. 

5.5 Collection of Presurvey Samples with 
Adsorption Tube. Folio Section 7.4 for 
presurvey sampling. 
6. Analysis Development 

Presurvey samples shall be used to develop 
and confirm the best sampling and analysis 
scheme. · 

6.1 Selection or CC Parameters. 
8.1.1 Column Choice. Based on the initial 

contact with plant personnel concerning the 
plant process and the anticipated emissions, 
choose a column that provides good 
resolution and rapid analysis time. The 
choice of an appropriate column can be aided 
by a literature search, contact with 
manufacturers of CC columns, and discussion 
with personnel at the emission source. 

Moat column manufacturers keep excellent 
records of their products. Their technical 
service departments may be able to 
recommend appropriate columns and 
detector type for separating the anticipated 
compounds, and they may be able to provide 
information on lnter£erences, optimum . 
operating conditions, and column limitations. 

Plants with analytical laboratories may be 
able to provide Information on their 
analytical procedures, ,Including extractions, 
detector type, column types, compounds 
emitted, and approximate concentrations. 

6.1.Z P:eliminary CC AdjustmenL Using 
the standards and column obtained In 
Section 6.1.1. perform Initial tests to 
dertermine appropriate CC conditions that 
provide good resolution and minimum 
analysis time for the compounds of Interest. 

6.1.3 Preparation of Presurvey Samples. If 
the samples were collected on an adsorbent. 
extract the sample as recommended by the 
manufacturer for removal of the compounds 
with a solvent suitable to the type of GC 
analysis. Prepare other samples in an 
appropriate manner. 

6.1.4 Presurvey Sample Analysis. Before 
analysis, heat the presurvey sample to the 
duct temperature to vaporize any condensed 
material. Analyze the samples by the GC 
procedure, and compare the retention times 
against those of the calibration samples that 
contain the components expected to be in the 
stream. If any compounds cannot be 
identified with certainty by !his procedure, 
identify them by other means such ai CC/ 
mass spectroscopy (CC/MS) or GC/infra,ed 
techniques. A CC/MS system is 
recommended. 

Use the CC conditions determined by the 
procedures" of Section 11.1.Z for the first 
injection. Vary the GC parameters during 
subsequent injections to determine the 
optimum settings. Once the optimum settings 
have been determined, perform repeat 
injections of the sample to determine the 
retention time of each compound. To inject a 
sample, draw sample through the loop at a 
constant rate (100 ml/min for 30 seconds). De 
careful not to pressurize :he gas in the loop. 
Turn on the pump and allow the gas in the 
sample loop to come to ambient p.essure. 
Activate the sample valve. and record 
injection time. loop temperature, column 
temperature, carrier flow ra!e, chart speed, 
and attenuator setting. Calculate the 
retention time or each peak using the 
distance from injection to the peak maximum 
divided by the chart speed. Retention times 
should be repeatable within 0.5 seconds. 

If the concentrations are too high for 
appropriate detector response, a smaller 
sample loop or dilutions may be used for gas 
samples, and, for liquid samples. dilution 
with soh•ent is appropriate. Use the standard 
curves (Section 6.3) to obtain an estimate of 
the concentrations. 

Identify all peaks by comparing the known 
retention times of compounds expected to be 
in the retention times of peaks in the sample. 
Identify any remaining unidentified peaks 
which have areas larger than 5 percent or the 
total using a CC/MS, or estimation of 
possible compounds by their retention times 
compared to known compounds. with 
confirmation by further GC analysis. 

8.Z Calibration Standards. If the 
presurvey samples are collected in an 
adsorbent tube (charcoal, XAD-2, Tenex, 
etc.), prepare the standards In the same 
aolvent used for the extraction procedure for 
the adsorbent. Prepare several standards for 
each compound throughout the range of the 
sample. · 

6.Z.1 Cylinder Calibration Gases. If 
available, use NBS reference gases or. 
commercial gas mixtures certified through 
direct analysis for the calibration curves. 

6.2.1.1 Optional Cylinder Approach. As 
an alternative procedure, maintain high and 
low calibration standards. Use the high 
concentratlon (50 to 100 ppm) standard to 
prepare a three-point calibration curve with 
an appropriate dilution technique. Use this 
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s11me npproach also to ,·erify the dilution 
techniques for high-cor.centralion source 
gases. 

To prepare the diluted calibration samples, 
use calibrated rotameters lo meter both the 
high concentration calibration g11s and the 
diluent gas. Adjust the flow rates through the 
rotameters with micrometer \·ah·r.s to obtaia 
the desired dilutions. A positive displacement 
pump or other metering techniques may be 
used in place or the rotameter lo pro..-ide 11 

fixed flow or high concentration gas. 
To calibrate the rotameters. connect each 

rotameter between the diluent gas supply nnd 
a suitably sized bubble meter, spirometer. or 
wet test meter. While ii is desirable to 
calibrate the calibration gas flowmetcr with 
calibration gas, generally the available 
amount of this gas will prech1de it. The error 
introduced by using the diluent gas is 
insignificant for gas mixtures or up to 1.000 lo 
2.000 ppm or each organic component. Record 
the temperature and atmospheric pressures 
as follows: 

Where: 
Qi=Flow rate at new absolute temperature 

(T2) and new absolute pressure (P2). 

Q, =Flow rate at calibration absolute . 
temperature (T,) and absolute pressure 
(P,). 

Connect the rotameters to the calibration and 
diluent gas supplies using 6-mm Teflon 
tubing. Connect the outlet side or the 
rolameters through a connector to a leak-free 
Tedlar bag as shown in Figure 18.5. (See 
Section 7.1 for leak check procedures.) Adjust 
the gas flows to provide the desired dilution, 
and fill the bag with sufficient gas for 
calibration. Be careful not lo fill to the point 
where it applies additional pressure on the 
gas. Record the flow rates or both rotameters, 
the ambient temperature. and atmospheric 
pressure. Calculate the concentration or 
diluted gas as follows: 

c.- Eq. 18--Z 

Where: 
C.=Concentralion or component "a" in ppm, 
X.=Mole fraction or component "a" in the 

calibration gas lo be diluted. 
q.=Flow rate of the calibration gas contains 
' mg component "'a"' at measured 

temperature and pressure. 
q.=Diluenl gas flow at measured. 

temperature and pressure. 
Use single-stage dilutions to prepnre 
c11libration mixtures up to about 1:20 dilution 
factor. For greater dilutions. use a double 
dilution system. Assemble the apparatus. as 
shown in Figure 18-6, using calibrated 
nowmelers of suitable range. Adjust the 
control valves so that about 90 percent of the 
diluted gas f~om the first stage is exhausted, 

and 10 percent goes to the second stage 
flowmeler. Fill the Tedlar bag with the ,lilule 
gas from the second stage. Record the 
temperature, ambient pressure. und water 
manometer pressure readings. Correc) the 
now reading in the first stage as indicated by 
the water manometer reading. Calculate the 
concentration or the component in the final 
gas mixture es_ follows: . 

Where: 
C.=Concentratiori or component "a" in ppm. 
X.=Mole fraction of component "a"' in 

original gas. 
q.1 = Flow rate or component "a•· in stage 1. 
q.Z= Flow rate of component "a" in stage 2_. 
q.1 = Flow rate or diluent gas in stage 1. 
q.,Z=Flow rate of diluent gas in stage 2. 

Further details or the calibration methods 
for rolamelers and the dilution system can be 
found in Citation 21 in Section 8. 

6.2.2 Preparation of Standards from 
Volatile Materials. Record all data shown on 
Figure 18-3. 

6.2.2.1 Bag Technique. Evacuate a 10-liter 
Tedlar bag that has passed a leak check (see 
Section 7.1], and meter in 5.0 liters of nitrogen 
through a 0.5 liter per revolution dry test 
meter. While the bag is filling, use a 0.5-ml 
syringe to inject a known quantity or the 
mnterial or interest through the wall or the 
bng or through a septum-caped tee at the 
bag inlet. Withdraw the S}"ringe needle. end 
immediately cover the resulting hole with a 
piece of masking tape. In a like manner. 
prepare dilutions having other 
concentrations. Prepare a minimum or three 
concentr11tions. Place each bag on a smooth 
surface. and alternately depress opposite 
sides or the bag SO times to mi'l the gases. 
Record the average me!er temperature. gas 
volume. liquid volume. barometric pressure. 
and meter pressure. 

Set the electrometer attenuator to the Xl 
Position. Flush the sampling loop with zero 
·helium or.nitrogen. end activate the sample 
valve. Record the injection time, sample loop 
temperature. column temperature, carrier gas 
flow rate, chart speed, end attenuator setting. 
Record peaks end detector responses that 
occur in the absence or any sample. Maintain 
conditions. Flush the sample loop for 30 
seconds at the rate or 100 ml/min with one or 
the calibration mixtures, end open the sample 
valve. Record the injection time. Select the 
peak that corresponds to the compound or 
interest. Measure the distance on the chart 
from the injection time to the time et which 
the peak maximum occurs. Divide this 
quantity by the chart speed, and record the 
resulting value as the retention time. 

6.2.2.2 Preparation or Standards from less 
Volatile Liquid Materials. Use the equipment 
shown in Figure 18-8. Calibrate the dry gas 
meter with a wet test meter or a spirometer. 
Use a water manometer for the pressure 
gauge and glass, Teflon, brass. or stainless 
steel for ell connections. Connect a valve to 
the inlet or the SO-liter Tedlar bag. 

To prepare the standards. assemble the 
equipment as shown in Figure 18-8, and leak 
check the system. _Completely evacuate the 

I 
bag. Fill the bog with hydrocarbon-free air, 
and c,·acu:ite the hag again. Close the inlet 
vnlve. 

Turn on the hot plate, and allow the wukr 
to reach boiling. Connect the bag lo the 
impingcr outlet. Record the initial meter 
reading, open the bag inlet valve. and open 
the cylinder. Adjust the rate so that the bag 
will be completely filled in approximately 15 
minutes. Record meter pressure, temperature. 
and local barometric pressure. 

Fill the syringe to the desired liquid ..-olume 
with the material to be evaluated. Place the 
syringe needle into the impinger inlet using 
the septum provided. and inject the liquid 
Into the flowing air stream. Use a needle or 
suff:cient length to perrnit injection or the 
liquid below the air inlet branch or the tee. 
Remove the syringe. 

Complete filling or the bag: note and record 
the meter pressure and temperature al regular 
intervals, preferably 1 minute. 

When the bag is filled, stop the pump. and 
close the bag inlet valve. Record the final 
meter reading. 

Disconnect the bag from the impingcr 
outlet, and set it aside for at least 1 hour to 
equilibrate. Analyze the sample within the 
proven life period of its preparation. 

6.2.2.3 Concentration Calculations. 
Average the meter temperature (T,.J and 
pressure (P.) readings over the bag filling 
process. 

Measure the solvent liquid density at room 
temperature by accurately weighing a known 
volume of the material on an analytical 
balance to the nearest 1.0 milligram. Take 
care during the weighing to minimize 
evaporation or tl}e material. A ground-glass 
stoppered 25-ml volumetric flask or a glass
stoppered specific gravity bottle is suitable 
for weighing. C11lculate the result in terms or 
g/ml. As en alternative. literature \'slues or 
:he density or the liquid at 20'C may be used. 

Calculate the concentration of material in 
the sample in mg/liter at standard conditions 
as follows: 

760[L.J(p)[Z73+T.J 
Eq. 18--

c,.. ..,. Z7Jt"t,-M,l(P..,+ P.J 4 

Where: 
C,,.. ,.,=Standard solvent concentrution, mg/ 

std liter. 
L.=Liquid volume injected, ml. 
p=Liquid density al room temperature, g/ml. 
T,.=:-.ieter temperature, •c. 
M,.M,=Final and initial meter reading, liters. 
P..,= Local barometric pressure (absolute). 

'mm Hg. 
P.,=Meler pressure (gauge), inm Hg. 

6.3 Preparation or Calibration Curves. 
Obtain gas standards as described in Sectlo,1 
6.2 such that three concentrations per 
atlentuetor range ere available. Establish 
proper CC conditioning, then flush the 
sampling loop for 30 seconds at a rate or 100 
ml/min. Allow the sample loop pressure to 
equilibrate with atmospheric pressure. und 
activate the injection valve. Record the 
.standard concentration, etlentuetor setlin!l, 
injection time, chert speed. retention time. 
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peak area. sample loop. temperature. column 
temperature. and carrier gas Dow rule. 
Repent the standard injection until two 
consecutive injections give area counts 
within 5 percent of their average. The 
average multiplied by the attenuator setting 
is then the calibration area value for that 
concentration. · 

Repeat this procedure for each standard. · 
Plot concentrations along the abscissa and 
the calibration area values along the 
ordinate. Perform a regression analysis, and 
uraw the least squares line. 

6.4 Optional Use of Prepared Cylinders 
for Dilution Calibration Checks. and 
Response Factor Determinations. A set of 
three standards or the major component in 
the emissions is required. This set of 
standards can be taken into the field and 
thereby replace the need lb prepare 
standards as described in Section 6.2.2. 

The high concentration standard can be 
run through the dilution system io assess the 
accuracy of the system. First. prepare a 
calibration curve using the three standards 
following the procedure described in Section 
6.3. Then, prepare a dilute sample using the 
high concentration standard so that the dilute 
sample will fall within the lower limits of the 
calibration curve. 

Next. analyze the dilute sample. and 
calculate the measured concentration from 
the calibration curve as described in Section 
6.3. The dilute concentration calculated from 
the analysis shall be within 10 percent of the 
concentration expected from the dilution 
system: otherwise determine the source of 
error in the dilution system. and correct it. 

The calibration curve from the cylinder 
standards for a single organic can also be 
related to the CC response curves of all the 
compounds in the source by response factors 
developed in the laboratory. In the-field. the 
single calibration curve from the cylinder 
standards and the calculated response 
factors measured in the laboratory can then 
be used to replace the need to prepare and 
analyze calibration standards for each 
organic compound (see Section 6.5 on daily 
quality control procedure). 

Recheck the relative peak area of one of 
the calibration standards daily to guard 
against degradation. If the relative peak 
areas on successive days differ by more than 
5 percent, remake all of the standards before 
proceeding to the final sample analyses. 

6.5 Evaluation of Calibration and 
Analysis Procedure. Immediately after the 
preparation of the calibration curve and prior 
to the final sample analyses, perform the 
analysis audit described in Port 61, Appendix 
C. Procedure 2: "Procedure for Field Auditing 
CC Analysis" (47 FR 39179, September 7, 
1982). The information required to document 
the analysis of the audit samples has been 
Included on the example data sheets shown 
in Figures 18-3 and 18-7. n1e audit analyses 
shnll agree with the audit concentrations 
within 10 percent. When available, the lester 
may obtain audit cylinders by contacting: 
Environmental Protection Agency, -
Environmental Monitoring Systems 
Laboratory, Quality Assurance Division 
(MD-77), Research Triangle Park. North 
Carolina 27711. Audit cylinders obtained 
from a commercial gas manufoclurcr muy be 

used provided: (a) the gas manufacturer 
certifies the audit cylinder as described in 
Section 5.2.3.t of Method 23 and (b) the gos 
manufacturer obtains an independent 
analysis of the audit cylinders to verify this 
analysis. Independent analysis is defined as 
an analysis performed by an individual other 
than the individual who performs the gas 
manufacturer's analysis, while using 
calibration standards and analysis equipment 
different from those used for the gas 
manufacturer's analysis. Verification is 
complete and acceptable when the 
independent analysis concentration is within 
5 percent of the gas manufacturer's 
concentration. · 

7. Final Sampling and Analysis Procedure 
Considering safety (flame hazards) and the 

source conditions, select an appropriate 
sampling arid analysis procedure (Section 7.1, 
7.2. 7.3. or 7.4). In situations where a 
hydrogen flame is a hazard and no 
intrinsically safe GC is suitable, use the 
flexible bag collection technique or an 
adsorption technique. If the source 
temperature is below lOO'C. and the organic 
concentrations are suitable for the detector to 
be used. use the direct interface method. If 
the source gases require dilution, use a 
dilution interface and either the bag sample 
or adsorption tubes. The choice between 
these two techniques will depend on the 
physical layout of the site. the source 
temperature, and the storage stability of the 
compounds if collected in the bag. Sample 
polar compounds by direct interfacing or · 
dilution interfacing to prevent sample loss by 
adsorption on the bag. 

7.1 Integrated Bag Sampling and Analysis 
7.1.1 Evacuated Container Sampling 

Procedure. In this procedure. the bags are 
filled by evacuating the rigid air-light 
container holding the bags. Therefore, check 
both the bags and the container for leaks 
before and after use as follows: Connect a 
water manometer using a tee connector 
between the bag or rigid container and a 
pressure source. Pressuri%e the bag or 
container to 5 to 10 cm H,O (2 to 4 In. HiO), 
and allow it to stand overnight. A deflated 
bag indicates a leak. 

7.1.1.1 Apparatus. 
7.1.1.1.t Probe. Stainless steel. Pyrex 

glass, or Teflon tubing probe, according to the 
duct temperature, with 6.4-mm OD Teflon 
tubing of sufficient length to connect to the 
sample bag. Use stainless sleef or Teflon 
unions lo connect probe and sample line. 

7.1.1.1.2 Quick Connects. Male (2) and 
female (2) of stainless steel construction. 

7.1.1.1.3 Needle Valve. To control gas 
flow. 

7.1.1.1.4 Pump. Leakless Teflon-coated 
diaphragm-type pump or equivalent. To 
deliver at least 1 liter/min. 

7.1.1.1.5 Charcoal Adsorption Tube. Tube 
filled with activated charcoal, with glass 
wool plugs at each end, to adsorb organic 
vapors. 

7.1.1.1.6 Flowmeler. O to 500-ml Dow 
range: with manufacturer's calibration curve. 

7.1.1.2 Sampling Procedure. To obtain a 
sample, assemble the sample train as shown 
In Figure 18-9. Leak check both the bag and 
the container. Connect the vacuum line from 
the needle valve lo the Teflon sample line 

..• 
from the probe. Place the end of the probifat 
the centroid of the stack. and start the pump 
with the needle valve adjusted to yield a Dow 
of 0.5 liter/minute. After allowing sufficient 
time to purge the line several times. connect 
the vacuum line to the bag. and evacuate 
until the rotameler indicatea no flow. Then 
position the sample and vacuum lines for 
sampling, and begin the actual sampling, 
keeping the rate proportional to the slack 
velocity. As a precaution, direct the gas 
exiting the rolameter away from sampling 
personnel. Al the end of the sample period, 
shut off the pump. disconnect the sample line 
from the bag. and disconnect.the vacuum line 
from the bag container, Record the source 
temperature, barometric pressure, ambient 
temperature, sampling flow rate, and initial 
and final sampling lime on the data sheet 
shown in Figure 18-10. Protect the Tedlar bag 
and its container from sunlight. When 

, possible. perform the analysis within 2 hours 
of sample collection. 

7.1.2 Direct Pump Sampling Procedure. 
Flow'1.1.1, except place the pump and needle 
valve between the probe and the bag. Use a 
pump and needle valve constructed of 
stainless' steel or some other material not 
affected by the stack sas. Leak check the 
system, and then purge with stack gas before 
the connecting to the previously e\·acualed 
bag. 

7.1.3 Explosion Risk Area Bag Sampling 
Procedure. Follow 7.1.1 except replace the 
pump with another evacuated can (see Figure 
18-9a). Use this method whenever there is a 
possibility of an explosion due to pumps, 
heated probes. or other flame producing 
equipment. 

7.1.4 Other Modified Bag Sampling 
Procedures. In the event that condensation Is 
obser:ed in the bag while collecting the 
sample and a direct interface system cannot 
be used. heal the bag during collection, and 
maintain ii at a suitably elevated temperature 
during all subsequent operations. (Note: Take 
care to leak check the system prior lo the 
dilutions so as not to create a potentially 
explosive atmosphere.) As an alternative, 
collect the sample gas, and simultaneously 
dilute ii in the Tedlar bag. 

In the first procedure. heal the box 
containing the sample bag to the source 
temperature, provided the components of th1: 
bag and the surrounding box can withstand 
this temperature. Then transport the bag as 
rapidly as possible to the analytical area 
while maintaining the heating, or cover the 
box with an insulating blanket. In the 
analytical area, keep the box heated to 
source temperature until analysis. Be sure 
that the method of healing the box and the 
control for the healing circuit are compatible 
with the safety restrictions required in each 
area. 

To use the second procedure. prefill the 
Tedlar bag with a known quantity of Inert 
gas. Meter the Inert gas Into the bag 
according to the procedure for th!! 
preparation of gas concentration standards of 
volatile liquid materials (Section 6.2.2.2), but 
eliminate the midget impinger section. Take 
the partly filled bag lo the source, and meter 
the source gas into the bag through heated 
sampling lines and a healed flowmeler, or 
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Teflon positive displacement pump. Verify 
the dilution factors periodically through 
dilution and analysis of gases of known 
concentration. 

7.1.5 Analysis of Bag Samples. Connect 
the needle valve, pump, charcoal tube. and 
fiowmeter to draw gas samples through the 
gas sampling valve.r!ush the sample loop 
with ga1 from one or the three Tedlar bags 
containing a calibration mixture. and analyze 

. the sample. Obtain at least two 
chromatograms for the sample. The results 
ure acceptable when the peak areas from two 
consecutive injections agree lo within 5 
percent of their average._ IC they do not agree, 
run additional samples until consistent area 
data are obtained. I£ this agreement is not 
obtained, correct the instrument technique 
problems before proceeding. I£ the results are 
acceptable, analyze the other two calibration 
gas mixtures in the same mBMer. Prepare the 
calibration curve by using the least squares 
method. 

Analyze the two field audit samples 11 . 
desaibed in Section 8.5 by coMecting each 
Tedlar bag containing an audit gas mixture to 
the sampling valve. Calculate the results; 
record and report the data to the audit. 
supervisor. If the results are acceptable. 
proceed with the anafysis of the source 
samples. , · 

Analyze the source gas samples by 
connecting each bag to the sampling valve 
with a piece of Teflon tubing identified with 
that bag. Follow the restrictions on replicate 
samples specified for the calibration gases. 
Record the data. Analyze the other two bag 
sample, of source gas in the same maMer. 
After all three bag aamplea have been · 
analyzed. repeat the analysis of the 
calibration gas mixtures. Use the average of 
the two calibration curves to determine the 
respective sample concentrations. If the two 
calibration curves differ by more than 5 
percent from their mean value, then report 
the final results by both calibration curves. 

7.1.8 . Determination of Bag Water Vapor 
Content Measure the ambient temperature 
and barometric pre11ure near the bag. From a 
water saturation vapor pressure table, 
determine and record the water vapor 
content of the bag as a decimal figure. 
(Assume the relative humidity to be 100 
percent unless a lesser value Is kriown.) 

Use the field analytical da!a sheet as 
shown in Figure 18-11. The sheet has been 
designed to tabulate information from the bag 
collection. direct interface, and dilution 
interface systems: as a result not oil of the 
requested information will apply to any 
single method. Note the data that do not 
apply with the notation "N.A." Summarize 
the analysis. 

7.2 Direct Interface Sampling and 
Analysis Procedure. The direct interface 
procedure can be used provided that the 
moisture·content of the gas does not interfere 
with the analysis procedure, the physical 
requirements of the equipment can be met at 
the site, and the source gas concentration is 
low enough that detector aaturation is not a 
problem. Adhere to all safety requirements 
with this method. 

7.Z.1 Apparatus. 
7.2.1.1 Probe. Constructed of stainleas 

~teel, Pyrex glass, or Teflon tubing as 

required by duct temperature, 8.4-mm OD. 
enlargr.d ut duct end to contain glass wool 
plug. If necessary. heat the probe with 
heating tape or a speci11l beating unit capable 
of maintaining duct temperature. 

7.Z.1.2 Sample Lines. 6.4-mm OD Teflon 
lines. heat-traced to prevent condensation of 
material. ; 

7.2.1.3 Quick CoMects. To connect 
sample line to gas sampling valve on G.C 
instrument and to pump unit used to 
withdraw source gas. Use a quick connect or 
equivalent on the cylinder or bag containing 
calibration gas to allow connection of the 
calibration gas to the gas sampling valve. 

7.z.1.4 Thermocouple Readout Device. 
Potentiometer or digital thermometer, to 
measure source temperature and probe 
temperature. 

7.z.1.5 · Heated Gas Sampling Valve. Of 
two-position, six-port design. _to allow sample 
loop to be purged with source gas or to direct 
source gas Into "the CC instrument 

7.z.1.8 Needle Valve. To control gas 
sampling rate from the source. 

7.2.1.7 ~p. Leakless Teflon-coated 
diaphragm-type pump or ec;uivalent, capable 
of at least 1 liter/minute sampling rate. 

7.z.t.8 Flowmeter. or suitable range to 
measure sampling ra!e. 

7.Z.t.9 Charcoal Adsorber. To adsorb 
organic vapor collected from the source to 
prevent exposure of personnel to source gas . . 

7.2.1.10 Gas Cylinders. Carrier gas 
(helium or nitrogen), and oxygen and · 
hydrogen for a name ionization detector {FID) 
if one is used. 

7.2.1.11 Gas Chromatograph. Capable or 
being moved into the field, with detector, 
heated gas sampling valve, column required 
to complete separation of desired 
components, and option for temperature 
programming. . 

7.z.t.12 Recorder/Integrator. To record 
results. 

7.Z.2 Procedure. To obtain a sample, 
assemble the sampling s)·stem as shown in 
Figure 18-lZ. Mnke sure all connections are 
tight Turn on the probe and sample line 
heaters. As the temperature of the probe and 
heated line approaches the source 
temperature as indicated on the 
thermocouple readout device, control the 
heating to maintain a temperature or Oto 3"C 
above the source temperature. While th!! 
probe and heated line are being heated. 
disconnect the sample line from the gas 
sampling valve, and attach the line from the 
calibration gas mixture. Flush the sample 
loop with calibration gas and analyze a 
portion of that gas. Record the results. After 
the calibration gas sample has been flushed 
into the GC instrument. turn the gas sampling 
valve to flush position, then recoMect the 
probe sample line to the valve. Move the 
probe to the sampling position. and draw . 
source 888 Into the probe, heated line, and 
sample loop. After thorough flushing, analyze 
the sample using the same conditions as for 
the calibration gas mixture. Repeat the 
analysis on an additional ■ ample. Measure 
the peak areas for the two samples, and if 
they do not agre& to within 5 percent of their 
mean value. analyze additional samples until 
two consecutive analyse,s meet this aiteria. 
Record the data. After consistent results are 

obtained. remo,·e the probe from the source 
encl onelyze a second calibration gas 
mixture. Record this calibration data and the 
other required data on the data sheet shown 
in Figure 18-11, deleting the dilution gas 
information. 

(Note.-Take care to draw all samples, 
calibration mixtures, and audits through the 
sample loop at the same pressure.) 

In addition. analyze the field audit samples 
by connecting the audit sample cylinders to 
the gas sampling valve. Use the same -
instrument conditions as were used for the 
source samples. Record the data, and report 
the results of these analyses to the audit 
supervisor. · 

7.3 Dilution Interface Sampling and 
Analysis Procedure. Source samples that 
contain a high concentration of organic 
materials may require dilution prior lo 
analysis to prevent ■ aturatjng the GC 
detector:The apparatus required for this 
clirect interface procedure 11 basically the 
same as that desaibed in the Section 7.2, 
except a dilution system is added between 
the heated sample line and the gas sampling 
valve. The apparatus is arranged 10 that 
either a 10:1 or 100:1· dilution of the source 
gas can be directed to the chromatograph. A 
pump of larger capacity Is also required, and 
this pump must be heated and placed in the 
system between the aample line and the 
dilution apparatus. 

7.3.1 Apparatus. The equipment required 
in addition to that specified for the direct 
Interface S)'stem is as follows: 

7.3.1.1 Sample Pump. Leakless Teflon
coated diaphragm-type that can withstand 
being heated to 120•c and deliverl.5 liters/ 
minute. 
· 7.3.1.2 Dilution Pumps. Two Model A-150 

Komhyr Teflon positive displacement type 
delivering 150 cc/minute, or equivalenL As 
en option. calibrated Oowmeters can be used 
in conjunction with Teflon-coated diaphragm 
pumps. 

7.3.1.3 Valves. Two Teflon three-way 
valves, suitable for connecting to 8.4-mm OD 
Teflon tubing. 

7.3.1.4 Flowmeters. Two, for measurement 
of diluent gas, expected delivery flow rate to 
be 1,350 cc/min. . 

7.3.1.5 Diluent Gas with Cylinders and 
Regulators. Gas can be nitrogen or clean dry 
air, depending on the nature of _the source 
gases. 

7.3.1.6 Heated Box. Suitable for being 
heated to 1~•c, to contain the three pumps. 
three-way valves, and associated 
connections. The box should be equipped 
with quick connect fittings to facilitate · 
connection of: (1) The heated sample line 
from.the probe, {2) the gaa sampling valve, (3) 
the calibration gas mixtures, and (4) diluent 
gas lines. A schematic diagram of the 
components and connections is shown In 
Figure 18-13. · · 

(Note.-C.re must be taken to leak check 
the system prior to the dilutions so as not to 
create a potentially explosive atmosphere.). 

The heated box shown In Figure 18-13 is 
designed to receive a heated line from the 
probe. An optional design is to build a probe 
unit that attaches directly to the heated box. 

https://Note.-C.re
https://7.z.t.12
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In this. way. tha heated box contains the 
controls for the probe heaters. or. if the box 11 
placed against the duct being sampled. It may 
be possible to eliminate the probe heaters. In 
either case, a heated Teflon line la used to 
connect the heated box to the gas sampling 
valve on the chromatograph. . 

7.3.2 Procedure. Assemble the apparatus 
by connecting the heated box. shown In 
Figure 18-13, between the heated sample line 
from the probe and the gas sampling valve on 
the chromatograph. Vent the source gas from 
the gas sampling valve directly to the 
charcoal filter, eliminating the pump and 
rotameter. Heat the sample probe, sample 
line. and heated box. Insert the probe and 
source thermocouple at the centroid of the 
ducL Measure the source temperature, and 
adjust all heating units to a temperature Oto 
3•c above this temperature. U this 
temperature Is above the aafe operating 
temperature of the Teflon co11_1.ponents. adjust 
the heating to maintain a temperature high 
enough to prevent condensation of water and 
organic compounds. Verify the operation of 
the dilulion system by anal~ng a high 
concentration gas of known composition 
through either the 10:1 or 100:1 dilution 
stages, as appropriate. (If necessary, vary the 
flow of the diluent gas to obtain other 
dilution ratios.) Determine the concentration 
of the diluted calibration gas using th!! 
dilution factor and the calibration curves 
prepared in the laboratory. Record the 
pertinent data on the data sheet shown In 
Figure 18-11. Uthe data on the diluted 
calibration gas are not within 10 percent of 
_the expected values, detennine whether the 
chromatograph or the dilution system Is in 
error, and correci IL Verify the CC operation 
using a low concentration standard by 
diverting the gas into the sample loop. 
bypassing the dilution system. If these 
analyses are not within acceptable limits. 
correct the dilution system to provide the 
desired dilution factors. Make thi1 correction 
by diluting a high-concentration standard gas 
mixture to adjust the dilution ratio as 

"required. 
Once the dilution ayatem and CC _ 

operations are satisfactory, proceed with the 
analysis of source gas, maintaining the same 
dilution settings as used for the standards. 
Repeat the analyses until two consecutive 
values do not vary by more than 5 percent 
from their mean value are obtained. " 

Repeat the analysis of the calibration gas 
mixtures lo verify equipment operation. 
Analyze the two field audit aamples using 
either the dilution system. or directly connect 
to the gas sampling valve.as required. Record 
all data and report the results to the audit 
supervisor. 

7.4 Adsorption Tube Procedure 
(Alternative Procedure). It ls suggested that 
the tester refer lo the National Institute of 
Occupational Safety and Health (NIOSH) 
method for the particular organics to be . 
sampled. The principal lnterferent will be 
water vapor. If water vapor is present at 
concentrations above 3 percent, silica gel 
should be used in front of the charcoal. 
Where more than one compound is present in 
the emissions, then develop relative 
adsorptive capacity Information. 

7.4.1 Additional Apparatus. In addition lo 
the equipment listed in the NIOSH method 

for the particular organic(s) to be sampled. 
the Following Items (or equivalent) are 
auggesttd. 

7.4.1.1 Probe (Optional). Borosilicate glass 
or stair.less alee\, approximately &-mm ID, 
with a heating system If water condensation 
is a problem. and a filter (either in-stack or 
out-stack heated to stack temperature) to · 
remove particulate matter.,In most instances. 
a plug ofglass wool is !l aatisfactory filter. 

7.4.1.2 Flexible Tubing. To connect probe 
to adsorption tubes. Use a material that 
exhibits minimal sample adsorption. 

7.4.1.3 Leakless Sample Pump. Flow 
controlled. constant rate pump, with a set of 
limiting (sonic) orifices to provide pumping 
rates from approximately 10 to 100 cc/min. 

7.4.1.4 Bubble-Tube Flowmeter. Volume 
accuracy within :: 1 percent, to calibrate 
pump. . 

7.4.1.5 Stopwatch. To lime sampling and 
pump rate calibration. 

7.4.1.6 Adsorption Tubes. Similar to ones 
specified by NIOSH. except the amounts of 
adsorbent per primary /backup sections are 
800/200 mg for charcoal tubes and 1040/260 
mg for silica gel tubes. As an alternative, the 
tubes may contain a porous polymer 
adsorbent such as Tenax CC or XAD-2. 

7.4.1.7 Barometer. Accurate to 5 mm Hg. 
to measure atmospheric pressure during 
sampling and pump calibration. 

7.4.1.8 Rotameter. Oto 100 cc/min. to 
detect changes In flow rate during sampling. 

7.4.2 Sampling and Analysis. It la 
iuggested that the lester follow the aampling 
and analysla portion of the respective NIOSH 
method section entitled "Procedure." 
Calibrate the pump and limiting orifice flow 
rate through adsorption tubes with the bubble 
tube flowmeter before sampling. The sample 
system can be operated as a "recirculating 
loop" for this operation. Record the ambient 
temperature and barometric pressure. Then. 
during sampling. use the rotameter to verify 
that the pump and orifice sampling rate 
remains constanL 

Use a eample probe. if required. Minimize 
the length of flexible tubing between the 
probe and adsorption tubes. Several . 
adsorption tubes can be coMected in series. 
if the extra adsorptive capacity Is needed. 
Provide the gas bample to the sample system 
at a pressure sufficient for the limiting orifice 
to function as a sonic orifice. Record the total 
"time and sample flow rate (or the number of 
pump strokes), the barometric pressure, and 
ambient temperature. Obtain a total sample 
volume comme~surate with the expected 
concentration(s) of the volatile organic(s) 
present, and recommended sample loading 
factors (weight sample per weight adsorption 
media). Laboratory tests prior to actual 
sampling may b~ neceasary to predetermine 
this volume. When more than one organic la 
present in the emissions, then develop 
relative adsorptive capacity Information. If 
water vapor Is present In the sample at 
concentra Ilona above 2 to 3 percent, the 
adsorptive capacity moy be severely reduced. 
Operate the gas chromatograph according to 
the monufocture's Instructions. After 
establishing optimum conditions, verify and 
document these conditions during all 
operations. Analyze the audit samples (see 
Section 7.4.4.3), then the emluion samples. 

Repeat the analysis of each sample untifthe 
relative deviation of two consecutive 
Injections does not ell,ceed 5 percent. 

7.4.3 Standards and Calibration. The 
standards can be prepared according to the 
respective NlbSH method. Use a minimum of 
three different standards: select the 
concentrations to bracket the expected 
average sample concentration. Perform the 
calibration before and after each day's 
sample analyses. Prepare the calibration 
curve by using the least squares method. 

7.4.4 Quality Assurance. · 
7.4.4.1 Determination of Desorption 

Efficiency. During the testing program, 
determine the desorption efficiency in the 
expected sample concentration range for 
each batch of adsorption media to be used. 
Use an Internal standard. A minimum . 
desorption efficiency of 50 percent shall be 
obtained. Repeal the desorption 
determination until the relative-deviation of 
two consecutive determinations does not . 
exceed 5 percenL Use the average desorption 
efficiency of these two consecutive 
determination• for the correction specified in 
Section 7.4.4.5. If the desorption efficiency of 
the compound(a) of interest Is questionable 
under actual aampling conditions, use of the 
Method of Standard Additions may be 
helpful to determine this value. 

7.4.4.2 Qetermination of Sample . 
Collection Efficiency. For the source samples. 
analyze the primary and backup portion• of 
the adsorption tubes separately. If the backup 
portion exceeds 10 percent of the total 
amount (primary and backup), repeat the 
sampling with a larger aampling portion. 

7.4.4.3 Analysis AudiL Immediately 
before the aample analyses, analyze the two 
audits in accordance with Section 7.4.2. The 
analysis audit•shall agree with the audit 
concentration with 10 percenL 

7.4.4.4 Pump Leak Checks and Volume 
Flow Rate Checks. Perform both of these 
checks Immediately after aampling with all 
sampling train components in place. Perform 
all leak checks according to the 
manufacturer's Instructions, and record the 
results. Use tlie bubble-tube fiowmeter lo 
measure the pump volume flow rate with the 
orifice used in the test sampling. and the 
result. If it has changed by more than 5 but 
less than 20 percent. calculate an.average 
flow rate for the test.Uthe flow rate has 
changed by more than 20 percent, recalibrate 
the pump and repeal the sampling. 

7.4.4.5 Calculations. All calculations can 
be performed according to the respective 
NIOSH method. Correct all sample volumes 
to standard con di lions. If a sample dilution 
system has been used, multiply the results by 
the appropriate dilution ratio. Correct all 
results by dividing by the desorption · 
efficiency (decimal-value). Report results as 
ppm by volume, dry basis. 

7.5 Reporting of Results. At the 
completion of the field analysis portion of the 
study. ensure that the data sheets shown In 
Figure 18-11 have been completed. 
Summarize this data on the data sheets 
shown In Figure 18-15, 
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Hazards ___________Ambient temp.II. Process descr1pt1on _________________ ----•F ia. Properties of gas stream ,,,. 

?Temperature _•c _•F, Data source ______ zVelocity _______., Data source _______ ? 
Static pressure _inches H o, Data source _____

2 ~ 
Raw ir.ater1al ____________________ Moisture content _____s. Data source _____ -Particulate content ------• Data source _____ c3 

Ill 

Gaseous components Q. 
c,, 

Products ______________________ ID
Hydrocarbons _ ppm ':<o"2---'____s 0 n2 

0CO I -
a" co ____s Ill..,Operating c·ycle 

Checlt: Batch ___ Continuous ___ Cycl fc ___ so2 ______s ? 
~ 

2 ~Timing of batch or cycle ____________ Hydrocarbon co111Pon1nts 
test t11:1e to -:·est _______________ _ __ ppm e 

___ ppm -::0 
i:: 

___ ppm c,, 
ii" 

___ ppm IDFigure 18-1. Preliminary survey data sheet. ::, 
Q. ___ ppm 

___ ppm ~ e. 
figure 18-l (o:int1nued). Preliminary survey data sheet. g·-ID 
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------------
-----------

c. S1111p11ng cons1derat1ons 
Location to iet up &C 

Special hiaurds to be ~onsfdered _________ 

Power 1v11labla at duct 
Power available for &C ____________ 

Plant slfa~ requirements 

Y1hfcl1 t·rafffc rules _____________ 

Plant entry c:1qufr1111ents ____________ 

Securt~ agreements ______________ 

Potentfal 11roblems _____________ 

D. Sfte dfagrams. (Attach ,cfdftfonal sheets ff required). 

Ffgure 18-1 (conttnued). Pre1fm1nary survey·data sheet. 

1.23 

Components to be lnaly~ed Expected concentration 

Suggeated chromatographic column _________ 

Column flow rate _ml/min Head preaaure_ mm Hg 
Column temperature, 

Iaothemal _____•c 

Programmed from _•c to _•cat _•c/min 
Injection·port/sa.mple loop temperature ___•c 
Detector temperature ____•c 
Detector flow rateaa Hydrogen _ml/min. 

head pressure_ mm Hg 
Air/Oxygen _ml/min, 

head pr111ure_ mm Hg 
Chart apeed _____ inches/minute 

Compound dataa 
Com.e,ound Retention time Attenuation 

Figure 18-2. Chromatographic_conditions data sheet. 
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Calibration curve Data• Volatile an4 
Liquid S&mpla1 Collected in a Ttdla; lag 

Rot41!1eter m,mber____________________ 
Gu used:,_______________________ 

list of Tadl&r baq (literal 
Dilution va• (nut) 
Vol. o! dilution vaa (literal 
Co111ponent (n.-) 
VolU111e of component (1111)1 

Avtr&qa aettr temp. (°C) 

Average 111et1r preaaure (u) 
At11101pharic pra ■ cure (nm) 

t>an1ity of liquid component 
(9/1111) 

SU!plt loop volwn• (llll) 

S&mpla loop ta111p. (°C) 

Carrier 9as tlov rat• (ml/min) 
Colum.~ t1111porature

initial ("Cl
proq:r&m rat• ("C/minl
.find (•c) 

Injection time (24 hr. baais) 
Distance to peak (c:,a) 

Chart 1p:,ad (c:m/min) 

Retention time (min) 

Calculated concentration (ppm) 
Attenuator 1ettin9 
ink height (11111) 
Puk area (111112) 

~ 
Mixture 

1 
Mixture 

2 
Mixture 

3 Htthod: Bubble meter_ Spirometer _.wet test 111tter___ 
Rotameter construction:,__________________ 
Float type ____________________ 

laboratory temperature (T obs.) ___•c ___ •f 
Laboratory pressure (P obs.) · _in Hg ___ 11111 Hg 

Flow rate,. Fl()',,fflet!!r re11din..9 I!!!!. (mtn) Gu v~lumea (lab cond1t1cns)b 

a Vol. of gas may be measured 1n m1lli11ters, liters or cubic feet. 
b Convert to lto.ndard conditions (200. C ind 760 mr. Hg). 

1/2Q • n 760 x T obs. 
STD ~bs Po6s. x 20 

Fl owmeter 0 T'J-lldin.9. Flow Pate (STO condttfons) 

Area x attenuation 

Plo~ pe&k area x attenuation 191in1t concentration to obtain 
u11brat1on curve. 

F1;un 18-3.· Ca11brat1on curve data shett • 1nJtct1on 
Df YDlattle 11111p11 tntD Ttdlar bag. Plot ~eter reading against flow rate (std) end draw smooth cu~•~ 

115 Figure 18~4. Rotameter calibration data sheet. 
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COMPONOO 
. CAS 
CYt.lNDER 

DILUENT 
c,.s 

CYUNDER 

00 
------10 

\ 

-----10 

figure 18-5. Single-stage calibration gas dllutfa, systea. 

HICH 
CONCENTRATION 

WASTE 

-Nr£Dl.£ VALVES LOW 
---r---..-CONCENTRATIOH 

·cAS 

PRESSURE 
RECUlATOR 

DILUENT AIR DllUENT AIR 

CALIBRAT£D ROTAMITERS 
Wlnf FtOW CONTROi. 

VALVES 

I 
m 

"l" CONNECTOR 

TEDI.AR BAG 

PURE SUBSTANC£ OR 
PURE SUBSTANCE/Hz MIXTURE 

figure 18-6. Two-stage dllu.tlon apparatus. 
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1. Hi9h concentration .a1 llixtura 3. t.911 Cloncantration .standard 
Coa.ponent _______ Concentration ______,pm Xnown concentration (ppm) 
Diluent 9a1 _______ aatantion tiM (IIUll) 

Data ______2. Dilution an4 analyaia ata Injection tuie 
0 

(24-hour basis) 
~ttanuation factor 
Paak b■ i9ht (m) 

su2• 1 Mi>tture 1 M1xtur~__1_ Miic_ture 3 

Component vaa-rotametar reading
Diluent v••-rota:nater re1din9 Pa&Jc area (11112)
Alllbient temp. (•c) · Peak area x attenuation (m2)Mano-tar r1adin9, inch•• H20 
Flow rat• com;,cnent gas (1111/lllinl Calculated concentration (ppml_____ 
Flow rat• diluent 9aa (1111/minl Deviation (\) 

Stage 2 •• Audit samplaa Sam~ sample 2 
component 9aa-rot&m1ter reading aetention time (min)
Diluent 9a1•rotametar reading Inje_ction time 24•hour basis)Flow rat• cocponent gaa (1111/minl
Flow rate diluent gaa (1111/lllinl Attenuation factor
Calculated concentration (ppm) 

P•&Jc height (1111) 
Analysis Peak area (111112) 

Sample loop volwna (JIil) P•ak area x attenuation factorSample loop temp. (•c)
Carrier ga1 flow rat• (ml/llUll) Hea1urad concentration 
Colwan tam;,eratura Data reported on (data)initial (•C) . 

pro9ra111 rate (•C/min) Data reported by (initial) 
find c•c> .Certified concentration (ppm)Injection time (H•hr.• b&1ill 

Distance to peak (inches) Deviation (\) 
Chart speed (inch/lllinl
btantion time (mini Notaa If a.plllllp is u ■ ed instead of a rotameter for component ga ■
Attenuator factor flov, ■ ubatitute pWllp delivery rate for rot&1111tar readin91).
Peak height (111111)
Peak UH (111112) 
Mia X llttenuation factor (mza2) ---~- _ _ ___ Figura 18-7 (lontlnued). Calibration curve data sheet•
Plot peak area x attenuator factor against concentration to d11~t1on 111thod. 
obtaln·cal,bratlon tul'YI. 

Flgura:1a-1. Calibration curve data sheet. 
dilution 111ethod. 
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SYRINGE 

SEPTUM·-

HOT Pl.ATE 

MIDGET 
IMPINGERBOILING 

WATER 
BATH 

TEOLAR BAG 

CAPACITY 
50 LITERS 

NITROGEN 
CYLINDER 

Figure 18-8. Apparatus for preparatim of liquid materials. 

V(NT 

WALL 

filT(R a 
~5S WOOLJ PROBE 

I 
RMRS( ~ 
O"JTYP£ 

PJTOTTUB( 

PllOT MAHOMmR 

fllDll: 
,,.VAi.VE 

PUMP 

RIGID WlCPROOf COtlTAlfD 

STACX 

CHARCOAi. 
lUBE 

Figure 18-9. Integrated bag sampling train. 
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51 
Probe 

Tenan Tubing 

Gronmet 

Afr Tight Steel Orta · 

Smaple 819 

...
•. 

.. 

•••••• 

PVC Tubtn9 

.. ·-.•......
•.... 

• i..,._,. 

Dtrectfonal 
.----Needle Yahe 

Evacuat~ Steel 
Dnn 

figure 18-9a. Explosion risk gas sa.nj)ling method. 
( 

Plant______________ O&ta.______ 
Sfta._____________________ 

Simple 1 Samp1e 3~ 
S®rc• tsiptr1t11!'1 c•c, 
Bil'OClltrfc prusure(1:111 Hg)_ 

#afent. temperat:ir, c•c) 
Sa111pl1 flow rat, (ap;:r.) 

B&2 n..abtr 

Start. tflll 

Ffnfsh t1111 

Figure 18-10. Field sampl1 d1t1 sheet• Tedlar 
bag collection method. 
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----------------------
Plant._________________ Date________ 

tccation 

1. General information 
Souzce tamperatuze ('Cl 
Probe temperature ('Cl 
Ambient tuiperature ('Cl 
Atmospheric pr111ure (mi:il 
Source pre11ure (•Hg) 
Al:laolute source pr111ur1 (INII) 

S1JDplin9 rate (liter/mini 
SaJDple loop volume (ml) 
SaJDple loop t1mp1ratura ('Cl 
Columnar t1mperatur11

Initial ('Cl/time (min)
Program rate ( 'C/m.in) 
Final ('Cl/ t1ine (min) 

Carrier 9a1 flow rate (1111/minl 
Detector temp1ratur1 ·c•cJ . 
IJi,ection t.ima (24•.hour basts) 

Chart 1p1e4 (=¥mini 

Dilution 9a1 flow rate (1111/lllin) 
Dilution ~as u11d laymboll 
Dilµtion :ratio 

Figure 18·11. Field analysis data 1h11ts. 

13S 

2. Ti1ld Analy1i1 Data• CalibratiOD ca, 
llun No,_____ Tiu_____ 

component• ~ Attenuation Ax A Factor Cone. lppml 

ll\'n No._____ 'ri1111_____ 

Component ■ !£!!. Attenuation Ax A Factor Cone, lppml 

R\11\ No,_____ Tillll_____ 

Component ■ ~ Attenuation Ax A Factor Cone. lpp!!II 

Figure 18•11 (continued). Field analysis data sheets, 
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lfADOUf 

,.c lfADOUJ 
GI 

ClllffllClUa 

PUMI' 

10 G C IIISIIIIMlff 

I -wamt 111 
totmGAS 

SMIP\ING YAUI[ 
ING C 

Figure 1a..12. Direct interface smnpltng syste111. 

~ent to Charcoal Adsorbers 

-------------..10: 1 100:1 

~ 

Source 
Gas Pump 

1.5 L/Hin 

Qufclt Connects 
To Gas Sample

Valve 

Heated Line 
From Probe 

c::=::::o 1:2----1- 150 cc/Hfn 
Pump ·Qufck 

Connect 

Flowmeters
Check Valve (On Outside

Qufck Connects Of Box)
For Calibration 

flow Rate Of ·--------- .-----------------,r--- 13SO cc/Hin 

0 L_
Heated Box at 120 C Or Source Temperature 

( 
figure 18-13. Schematic diagram of the heated box required

for dilution of sample gas. 

BILUNO COO£ l~SIH: 
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Gaseous Organic Sampling and Analysis Source Source Source 
lllmple I aamplt Z sample 3 

Source 
prHliure 
(m111 llaJ-------------

Samplina <Wit 

(ml/minJ------------
Samplo IMP 

volume (mlJ------------
Sample loop 

lemperature

l"CJ-------------
Sampla 

colltellon 
lime (Z4-br

basi•,-..-------------
Columa 

lempenlure: 
lnillal ("Cl----------
Program....('C/mln,-..___________ 
Final re,_____________ 

Carrier 1■ 1 
now tall 

(ml/minJ-------------
0.ttelor 

lffl'lpetalure

l"CJ-------------
Oiart •Pffd 
(e111/min1--------------

0ilulion 1■ 1 
now ratir 
(ml/lllinl------------

Diluent 1u 
used 
(1ymbol1--------------

Dilu1ion ratio-------------,, 

Performed by (1isnatureJ: __________ 
Date:________________ 

Figure 18-14. Sampling and analysis sheet. 
6. In Appendix A of Part 60, the title of 

Method 22 Is revised to read as follows: 

Method 2Z-Visual Determination or Fugitive 
Emissions from Material Sources and Smoke 
Emissions from Flares. 

7. In Appendix A of Part 60, Section l 
of Method 22. Introduction, is amended 
by adding the following sentence to the 
end of the first paragraph: 

This method is used also to determine 
visible smoke emissions from flares used for 
combustion of waste process materials. 

8. In Appendix A of Part 60, Section l 
of Method 22, Introduction, is amended 
by removing the phrase "Reference 
Test" from the third sentence of the 
second paragraph. 

9. In Appendix A of Part 60, Paragraph 
2.1 of Section 2 of Method 22 is amended 
by adding a second paragraph as 
follows: 

2.1 •• * 

This method also is applicable for the 
determination of the frequency of visible 
smoke emissions from flares. 

10. In Appendix A of Part 60, 
Paragraph 2.2 of Section 2 of Method 22 
is revised as follows: 

2.2 Principle. Fugitive emissions produced 
during material processing. handling, and 
transfer operations or smoke emissions from 
flares are visually determined by an observer 
without the aid of instruments. 

. .. 
11. In Appendix A of Part 60, Method 

22 Section 3, Definitions, Paragraphs 3.4 
and 3.5 are revised to read as follows: 

3.4 Smoke Emissions. Pollutant generated 
by combustion in a Oare and occurring 
immediately downstream of the flame. Smoke 
occurring within the flame, but not 
downstream of the flame, is not considered a 
smoke emission. 

3.5 Observation Pen"od. Accumulated 
time period during which observations are 
conducted, not to be less than the period 
specified in the applicable regulation. 

• 
12. In Appendix A of Part 60, Method 

22 is amended by adding Figures 22-1 
and 22-2 at the end of the method. 
BILLING COD£ 8560-50-M 

Check List 
(Respond with initials or number as 
nppropriate) 

l. Pre1un·ey data! 
A. Crab Nmpla collecled---
8. Crab aample analyzed for com-poaitia·..________ 

- Method CC----
CC/MS--
Other--

c. CC-Fil) analyai1 performed-
:. Laboratory cabbralioa data: 

A. Calibration curn1 prepared._ 
Number of compoaenl1·

. Number of concentn• 
lions/ component (3 rt• 

"qulredJ-----
8. Audit samples (optional~ 

Analyll1 completed--
Ver1fied for concmlra• 
tiOft------

OK obtained for f..,ld

-"'-----1 Samplins procedurea: 
A.Melhod: 

Baa aampl•---
Dired inlffl•ce--
Dilulloa laterface---

B. NUD>ber of aampln collected·-
4. F,~ld analysis; 

A. Total hydroairbon an.ly1i1
perf~~------

8. C,libration a.,--e prepared_ 
NUD>ber ol componen11_ 
N111nber of concentra

tions per component (3 
requiredJ----

Figure 18-14. Sampling and analysis check. 

Gaseous Organic Sampling and Analysis 
Data 

Plant..:. -------------
Date
Location--------------

Source Source Source 
aample 1 .,.mple 2 aample J 

1. CeMral 
information: 

Sourc,, 
lempttature 
("CJ-------------

Probe 
lempnalure 
('CJ------------

Ambienc· 
tempttature 

("CJ------------
Atmo1pl,tric 

preuurw 
(mm 1111------------

Dale 

□--

□---a a 
a a 
a a 
□--

□---a a 

a a 

□--

□---

□---

a a 
a a 
a a 
□---

□---
□---a a 

a a 
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FUGITIVE OR SMOKE EMISSION INSPECTION 
OUTDOOR LOCATION 

Camp1r,y 01>11rv1r 

Loc1uon Alftliation 

Company rep,esen111iv1 D111 

Sky Conditions Wind dinction 

Precipitation Wind speed 

tndusuv Ptoc111 unit 

Sketch p,oc,u uni1; indicate observer position nllli'W'a 10 source and sun: lndic111 potential 
tm,u,on poin11 1nd/or actual emission points. 

06SERVATIONS Ob11rv111on Accumul11ed. 
period emission 

Clack dur11ion, tirn1. 
timt m1n:11c min:sK 

B•gin Observation 
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Cl 
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Encl obs1rv111on 

f\Jgltlvo Emission Inspectlort Indoor Location Table 

,U.ITlVE DllSSlOI IHSPEICrlOI 

ca,,p.,ny 

Loc4tlort 

co,,pany Representative 

INIXXJR_I.IXATlOI 

a>server 

Affiliation 

Dote 

lr<luatry Process unit 

Ll9ht type ( fluorescent, lncandoscent, natural 

Li9ht location (overhead, behird observer, etc.) 

lll1.111lnanoe I lux or foot.cardleal 

Sketch proo,,ss unit, lrdlcate observer position relative to IIOUl"08J Indicate potential 
..tsslon points arrl/or actual -laalon points. 
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ALCOHOLS I( FOMJLA.: Table 1 
METHOD: 1400 

K.W.: Table 1 ISSUED: 2/15/84 

OSI-WNIOSH/ACGIH: Table 1 PROPERTIES: Table l 

~HOS AND SYNOHYl1S: (1) ethanol: [ethyl alcohol; CAS #64-17-51; 
(2) isopropyl alcohol: (2-propanol; CAS #67-63-0]; and 
(3) tert-butyl alcohol: [2-methyl-2-propanol; CAS #75-65-0). 

SAJ1PLING MEASUREMENT 

SAH?LER: SOLID SORBEllT TUBE ! TEDIHIQUE: GAS 01RCMT(X;AAPHY, FIO 
(coconut shell charcoal, 100 mg/SO mg)! 

FLC1,.1 RATE: 0.01 to 0.2 L/min 
(0.05 L/min for ethyl alcohol} 

(1) (2) (3} 

V0L-MIH: 0. l L 0.2 L 0.5 L 
-."AX: 1 L 3 L 10 L 

SHIPMENT: refrigerated 

( 
SAMPLE STABILITY: store in freezer; analyze 

as sooh as possible 

BLANKS: Z to 10 field blanks per set 

ACOJRACY 

RAAGE STUDIED: see EVALUATICff OF METHOO 

BIAS: not significant [l) 

OVERALL PRECISIOO (sr}: see EVALUATION OF 
METl-00 

!AHALYTE: carpounds above 

!0€SORPTION: 1 ml 1i 2-butanol in CSz 

!INJECTION VOLUME: S µL 

!T81P£RATURE-INJECTION: 200 °C 
-DETECTOR: 250 - 300 °C 

-a}LIJ.lo!N: 65 - 70 °C 
!. 
!CARRIER GAS: Hz or He, 30 mUmin 

!CXlLlffi: glass. 2 m x 4 rrm ID, 0.zt carbowax 1500 
on 60/80 carbopack C or equivalent 

!CALIBRAT!()4: solut"ions of analyte in eluent 
with internal standard 

!RAHGE AHO PRECISIOO: see EVALUATION OF METl-00 

!ESTIMTED LOO: 0.01 mg per ~le [4] 

APPLICABILITY: This method errploys a sirrple desorption and may be used to determine t.io or 
rro~ analytes si1TJJltaneously by varying GC conditions (e.g •• tes!l)erature programning). 

INTERFERENCES: High hunidity reduces s.atll>ling efficiency. The methods were validated using a 
3 m x 3 rrm stainless steel colum packed with 101. FFAP on Chrarosorb W-AW; other colunns with 
equal or better resolution (e.g .• capillary} may be used. Less volatile carpounds may displace 
rrore volatile c~nds on the charcoal. 

OTHER METl-00S: This method carbines and replaces Methods S56, S65 and S63 [3]. 

2/15/84 1400-1 



Ala:HllS I HETmO: 1400 

REAGENTS: 
1. Eluent: carbon disulfide* 

(chranatographic grade) with 11, 
(v/v) 2-butanol and 0.21, v/v 
n-undecane, 0. 11 v/v ethyl benzene, 
or other suitable internal standard. 

2. Analyte, reagent grade. 
3. Nitrogen, purified. 
4. Hydrogen, prepurified. 
5. Air, cai'pressed, fl ltered. 

"'See Special Precautions. 

EQ.Jil't'EHT: 
1. Sarrpler: glass tube, 7 en long, 6 mn 00, 4 nm m, 

.flame-sealed ends, containing bio sections of 
activated (600 °C) coconut shell charcoal 
(front= 100 mg; bade= 50 mg) separated by a 2-mn 
urethane f0cm1 plug. A silylated glass wool plug 
precedes the front section and a 3--nm urethane fOcWn 
plug follows the bade section. Pressure drop 
across the tube at 1 Umin airflow lllJSt be less 
than 3.4 kPa. Tubes are cannercially available. 

2. Personal ~ling p~. a.qi to 0.2 Umin, with 
flexible connecting tubing. 

3. Gas chronatograph, FIO, integrator and colUTrl 
(page 1400-1). 

4. Vials, glass, 2-rnl, PTFE-line<I crirrp caps. 
5. Syringe, 10-µL, readable to 0.1 µL. 
6. Voll.J'l"etric flasks, 10--ml. 

SPECIAL PRECAUTIONS: Carbon disulfide is toxic and an acute fire and explosion hazard (flash 
point = -30 °C) ; a11 worlc with it 111Jst be done in a hood. 

SAMF'lING: 
1. Calibrate each personal sait'9l ing p~ with a representative ~ler in line. 
2. Break the ends of the s.arrpler inrrediately before ~ling. Attach sarrpler to personal 

'Salt'9ling p~ with flexible tubing. 
3. Sarple at an accurately known flow rate between 0.01 and 0.2 L/min for a total s.arrple size 

of 0.1 to l L (ethanol), 0.2 to 3 L (isopropyl alcohol) or 0.5 to 10 L Ct-butyl alcohol). 
4. Cap the ~lers with plastic (not n.Jbber) caps and paclc securely with bagged refrigerant 

for shipnent. 

SAMPLE PREPARATICfl: 
5. Place the front and back sorbent sections of the ~ler tube in separate vials. Discard 

the glass wool and foam plugs. 
6. Add 1.0 ml eluent to each vial. Attach crirrp cap to each vial. 
7. Allow to stand 30 min with occasional agitation. 

CALIBRATION AHO qJALITY ~TROL: 
8. Calibrate daily with at least five working standards over the range 0.01 to 6 mg analyte 

per s.arrple. 
a. Add known an-ounts of analyte to eluent in 10-ml. volunetric flasks and dilute to the marlc. 
b. Analyze together with sa!T1)les and blanks (steps 11 and 12). 
c. Prep.are calibration graph (ratio of peak area of analyte to peak area of internal 

standard vs. mg analyte). 
9. Determine desorption efficiency (DE) at least once for each batch of charcoal used for 

sairpling in the calibration range (step 8). Prepare three tubes at each of five levels 
plus three media blanks. 
a. Rerove and discard back sorbent section of a media blank sarpler. 
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b. Inject a known amount of analyte directly onto front sorbent section with a microliter 
syringe. 

c. Cap the tube. Allow to stand overnight. 
d. Oesorb (steps 5 through 7) and ~nal~ze together with working standards (steps 11 and 12). 
e. Prepare a graph of OE ·vs. mg analyte recovered. 

10. Analyze three quality control blind spikes and three analyst spikes to insure that the 
calibration graph and DE graph are in control. 

f'IEASUREMENT: 
11. Set gas chrc:matograph according to manufacturer's recannendations and to conditions given 

on page 1400-1. Injec_t sairple aliquot manua11y using solvent flush technique or with 
autosarT9ler. 
NOTE: If peak area is above the linear range of the working standards, dilute with eluent, 

reanalyze and apply the appropriate dilution factor in calculations. 
12. l"ieasure peak area. Divide the peak area of analyte by the peak area of internal standard 

on the same chrcmatogr.;w. 

CALOJLATIOHS: 
13. Determine the mass, mg (corrected for DE) of analyte found in the sarrple front (Wf) and 

ba~k (We) sorbent sections, and in the a~erage media blank front (Bf) and back ,(Bt,) 

sorbent sections. 
NOTE: If We> Wf/10, report breakthrough and possible sarrple loss. 

14. Calculate concentration, C, of analyte in the air volt.me sattµle<f, V (L): 

( 

EVALUATION .OF METI-m: 
!oliethods S56, S65 and S63 were issued on January 17, 1975 (3], and validated using 1-, 3- and 
10-L air sarrples, respectively, of atzrospheres generate<! in dry air-by calibrate<! syringe drive 
fran absolute ethanol, 2-propanol and t~utyl alcohol (1). Overall precision and recovery were 
as shown below, representing non-significant bias in each method: 

Overall l"ieasurement 
Precision Recovery Ranoe Studied Breakthrough Avg. Precision 

l"iethod (Sr) (~) mg/ml mg per sarrple @2X OSHA oe: Csr) 

S56 0.065 103.6 . 900 to 3300 1 ta 4 1.6 l 0.7~ 0.027 
S65 0.064 96. 7 505 to 1890 1 to 5 6.0 L 0.93"t' 0.033 
S63 0.075 100.3 165 to 600 1.S to 6 17.0 l 0.91-i: 0.018 

""Over the range studied. Each laboratory rrust do their own DE determinations. 

( 
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Table 1. General infonnation. 

Corpound 

OSJJA 
HIOSH 
AOiIH 
(ppn) Fonrula 

mg/m:, 

= l pp::n 
£1 NTP "·w. 

Density 
@20 •c 
(g/ml) 

BP 
c•c> 

VP@ 
20 •c, 
kPa 

(nm Hg) 

Ethanol 1000 

1000 

%rnzrn; 
CzH60 

l.883 46.07 0.789 78.5 5.6 
(42) 

Isopropyl alcohol 400 
400 
500 

Q½01(Cli)013; 
C3Ks0 

2.46 60.09 o. 785 82.S 4.4 
(33) 

tert-8utyl alcohol 100 
100 
150 

Crn3)3~; 
C4H1oO 

3.03 74. 12 0. 786 82.4; 
'4.P "' 
2S.6 •c 

4. 1 
(31) 
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METHOD 8240 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE ORGANICS 

1.0 SCOPE AND APPLICATION 

1.1 Method 8240 is used to determine volatile organic compounds in. a 
variety of solid waste matrices. This method is applicable to nearly all 
types of samples, regardless of water content, including ground water, aqueous 
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, 
tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent 
catalysts, soils, and sediments. The following compounds may be determined by 
this method: 

~QQroQriate Tecnnigue 
Direct 

Analyte CAS No.b Purge-and-Trap Injection 

Acetone 67-64-1 pp a 
Acetonitrile 75-05-8 pp a 
Acrolein 107-02-8 pp a 
Acrylonitrile 107-13-1 pp a 
Allyl alcohol 107-18-6 pp a 
Allyl chloride 107-05-1 a a 
Benzene 71-43-2 a a

( Benzyl chloride 100-44-7 pp a 
Bromoacetone 598-31-2 pp a 
Bromochloromethane {I.S.) 74-97-5 a a 
Bromodichloromethane 75-27-4 a a 
4-Bromofluorobenzene {surr.) 460-00-4 a a 
Bromoform 75-25-2 a a 
Bromomethane 74-83-9 a a 
2-Butanone 78-93-3 pp a 
Carbon disulfide 75-15-0 pp a 
Carbon tetrachloride 56-23-5 a a 
Chlorobenzene 108-90-7 a a 
Chlorobenzene-d5 {I.S.) 108-90-7 a a 
Chlorodibromomethane 124-48-1 a a 
Chloroethane 75-00-3 a a 
2-Chloroethanol 107-07-3 pp a 
2-Chloroethyl vinyl ether 110-75-8 a a 
Chloroform 67-66-3 a a 
Chloromethane 74-87-3 a a 
Chloroprene 126-99-8 a pc
3-Chloropropionitrile 562-76-7 ND pc
1,2-0ibromo-3-chloropropane 96-12-8 pp a 
1,2-Dibromoethane 106-93-4 a a 
Dibromomethane 74-95-3 a a 
1,4-Dichloro-2-butene 764-41-0 pp a 
Dichlorodifluoromethane 75-71-8 a a 

( 1,1-Dichloroethane 75-34-3 a a 
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~QQroQria£e Tecnnigue 
Direct 

Analyte CAS No.b Purge-and-Trap Injection 

1,2-0ichloroethane 107-06-2 a a 
l,2-0ichloroethane-d4(surr.) 107-06-2 a a 
1,1-0ichloroethene 75-35-4 a a 
trans-1,2-0ichloroethene 156-60-5 a a 
1,2-0ichloropropane 78-87-5 a a 
l,3-0ichloro-2-propanol 96-23-1 pp a 
cis-1,3-Dichloropropene 10061-01-5 a a 
trans-1,3-Dichloropropene 10061-02-6 a a 
1,2:3,4-Diepoxybutane 1464-53-5 a a 
1,4-0ifluorobenzene (I.S.) 123-91-1 a a 
1,4-Dioxane 123-91-1 pp a 
Epichlorohydrin 106-89-8 i a 
Ethanol 64-10-5 i a 
Ethyl benzene 100-41-4 a a 
Ethylene oxide 75-21-8 pp a 
Ethyl methacrylate 97-63-2 a a 
2-Hexanone 591-78-6 pp a 
2-Hydroxypropionitrile 78-97-7 ND pc
Iodomethane 74-88-4 a a 
Isobutyl alcohol 78-83-1 pp a 
Malononitrile 109-77-3 pp a 
Methacrylonitrile 126-98-7 pp a 
Methylene chloride 75-09-2 a a 
Methyl iodide 74-88-4 a a 
Methyl methacrylate 80-62-6 a a 
4-Methyl-2-pentanone 108-10-1 pp a 
Pentachloroethane 76-01-7 i pc
2-Picoline 109-06-8 pp a 
Propargyl alcohol 107-19-7 pp a 
b-Propiolactone 57-57-8 pp a 
Propionitrile 107-12-0 pp a 
n-Propylamine 107-10-8 a a 
Pyridine 110-86-1 i a 
Styrene 100-42-5 a a 
1,1,1,2-Tetrachloroethane 630-20-6 a a 
1,1,2,2-Tetrachloroethane 79-34-5 a a 
Tetrachloroethene 127-18-4 a a 
Toluene 108-88-3 a a 
Toluene-d0 (surr.) 108-88-3 a a 
1,1,1-Trichloroethane 71-55-6 a a 
1,1,2-Trichloroethane 79-00-5 a a 
Trichloroethene 79-01-6 a a 
Trichlorofluoromethane 75-69-4 a a 
1,2,3-Trichloropropane 96-18-4 a a 
Vinyl acetate 108-05-4 a a 
Vinyl chloride 75-01-4 a a 
Xylene (Total} 1330-20-7 a a 
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a Adequate response by this technique. 
b Chemical Abstract Services Registry Number. 
~PPoor purging efficiency resulting in high PQLs. 
1 Inappropriate technique for this analyte. 
PCPoor chromatographic behavior. 

1.2 Method 8240 can be used to quantify most volatile organic compounds 
that have boiling points below 2oo·c and that are insoluble or slightly
soluble in water. Volatile water-soluble compounds can be included in this 
analytical technique, however, for the more soluble compounds, quantitation 
limits are approximately ten times higher because of poor purging efficiency. 
The method is also limited to compounds that elute as sharp peaks from a GC 
column packed with graphitized carbon lightly coated with a carbowax. Such 
compounds include low-molecular-weight halogenated hydrocarbons, aromatics, 
ketones, nitriles, acetates, acrylates, ethers, and sulfides. See Table l for 
a list of compounds, retention times, and their characteristic ions that have 
been evaluated on a purge-and-trap GC/MS system. 

1.3 The practical quantitation 1imit (PQL) of Method 8240 for an 
individual compound is approximately 5 ug/kg (wet weight) for soil/sediment 
samples, 0.5 mg/kg (wet weight) for wastes, and 5 ug/L for ground water (see 
Table 2). PQLs will be proportionately higher for sample extracts and samples 
that require dilution or reduced sample size to avoid saturation of the 
detector. 

1.4 Method 8240 is based upon a purge-and-trap, gas chromatographic/mass 
spectrometric (GC/MS) procedure. This method is restricted to use by, or 
under the supervision of, analysts experienced in the use of purge-and-trap 
systems and gas chromatograph/mass spectrometers, and ski 11 ed in the 
interpretation of mass spectra and their use as a quantitative tool. 

1.5 To increase purging efficiencies of acrylonitrile and acrolein, refer 
to Methods 5030 and 8030 for proper purge-and-trap conditions. 

2.0 SUMMARY OF METHOD 

2.1 The volatile compounds are introduced into the gas chromatograph by 
the purge-and-trap method or by direct injection (in limited applications). 
The components are separated vi a the gas chromatograph and detected using a 
mass spectrometer, which is used to provide both qualitative and quantitative 
information. The chromatographic conditions, as well as typical mass 
spectrometer operating parameters, are given. 

2.2 If the above sample introduction techniques are not applicable, a 
portion of the sample is dispersed in methanol to dissolve the volatile 
organic constituents. A portion of the methane1 i c so1 ut ion is combined with 
water in a specially designed purging chamber. It is then analyzed by purge
and-trap GC/MS following the normal water method. 

2.3 The purge-and-trap process - An inert gas is bubbled through the 
solution at ambient temperature, and the volatile components are efficiently 
transferred from the aqueous phase to the vapor phase. The vapor is swept 
through a sorbent co1umn where the vo1at i1 e components are trapped. After 
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purging is completed, the sorbent column is heated and backflushed with inert 
gas to desorb the components onto a gas chromatographic co1umn. The gas 
chromatographic column is heated to elute the components, which are detected 
with a mass spectrometer. 

3.0 INTERFERENCES 

3 .1 Interferences purged or coextracted from the samples wi 11 vary 
considerably from source to source, depending upon the particular sample or 
extract being tested. The analytical system, however, should be checked to 
ensure freedom from interferences, under the analysis conditions, by analyzing 
method blanks. 

3.2 Samples can be contaminated by diffusion of volatile organics 
(particularly methylene chloride and fluorocarbons) through the septum seal 
into the sample during shipment and storage. A field blank prepared from ASTM 
Type II water and carried through the sampling and handling protocol can serve 
as a check on such contamination. 

3.3 Cross-contamination can occur whenever high-level and low-level 
samples are analyzed sequentially. Whenever an unusually concentrated sample 
is analyzed, it should be followed by the analysis of reagent water to check 
for cross-contamination. The purge-and-trap system may require extensive 
bake-out and cleaning after a high-level sample. 

3.4 The laboratory where volatile analysis is performed should be 
completely free of solvents. 

3.5 Impurities in the purge gas and from organic compounds out-gasing 
from the plumbing ahead of the trap account for the majority of contamination 
problems. The analytical system must be demonstrated to be free from 
contamination under the conditions of the analysis by running calibration and 
reagent blanks. The use of non-TFE plastic coating, non-TFE thread sealants, 
or flow controllers with rubber components in the purging device should be 
avoided. 

4.0 APPARATUS AND MATERIALS 

4.1 Microsyringes - 10-uL, 25-uL, 100-uL, 250-uL, 500-uL, and 1,000 ul. 
These syringes should be equipped with a 20-gauge (0.006-in i.d.) needle 
having a length sufficient to extend from the sample inlet to within 1 cm of 
the glass frit in the purging device. The needle length will depend upon the 
dimensions of the purging device employed. 

4.2 Syringe valve - Two-way, with Luer ends (three each), if applicable 
to the purging device. 

4.3 Syringe - 5-ml, gas-tight with shutoff valve. 

4.4 Balance - Analytical, capable of accurately weighing 0.0001 g, and a 
top-loading balance capable of weighing 0.1 g. 
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(. 4.5 Glass scintillation vials - 20-ml, with screw caps and Teflon liners 
or glass culture tubes with a screw cap and Teflon liner. 

4.6 Volumetric flasks - 10-ml and 100-ml, class A with ground-glass 
stoppers. 

4.7 Vials - 2-ml, for GC autosampler. 

4.8 Spatula - Stainless steel. 

4.9 Disposable pipets - Pasteur. 

4.10 Heater or heated oil bath - Should be capable of maintaining the 
purging chamber to within 1·c over the temperature range of ambient to l00°C. 

4.11 Purge-and-trap device - The purge-and-trap device consists of three 
separate pieces of equipment: the sample purger, the trap, and the desorber. 
Several complete devices are commercially available. 

4 .11.1 The recommended purging chamber is designed to accept 5 ml 
samp1es with a water column at least 3 cm deep. The gaseous heads pace 
between the water column and the trap must have a total volume of less 
than 15 ml. The purge gas must pass through the water column as finely 
divided bubbles with a diameter of less than 3-mm at the origin. The 
purge gas must be introduced no more than 5 mm from the base of the water 
column. The sample purger, illustrated in Figure 1, meets these design 
criteria. Alternate sample purge devices may be utilized, provided 
equivalent performance is demonstrated. 

4.11.2 The trap must be at least 25 cm long and have an inside 
diameter of at least 0.105 in. Starting from the inlet, the trap must 
contain the following amounts of adsorbents: 1/3 of 2,6-diphenylene oxide 
polymer, 1/3 of silica gel, and 1/3 of coconut charcoal. It is 
recommended that 1.0 cm of methyl silicone-coated packing be inserted at 
the inlet to extend the life of the trap {see Figure 2). If it is not 
necessary to analyze for dichlorodifluoromethane or other fluorocarbons of 
similar volatility, the charcoal can be eliminated and the polymer 
increased to fill 2/3·of the trap. If only compounds boiling above 35°C 
are to be analyzed, both the silica. gel and charcoal can be eliminated 
and the polymer increased to fill the entire trap. Before initial use, 
the trap should be conditioned overnight at 1ao·c by backflushing with an 
inert gas flow of at least 20 ml/min. Vent the trap effluent to the room, 
not to the analytical column. Prior to daily use, the trap should be 
conditioned for 10 minutes at 1ao•c with backflushing. The trap may be 
vented to the analytical column during daily conditioning; however, the 
column must be run through the temperature program prior to analysis of 
samples. 

4.11.3 The desorber should be capable of rapidly heating the trap to 
180°C for desorption. The polymer section of the trap should not be 
heated higher than 1ao•c, and the remaining sections should not exceed 

( 
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22o•c during bake-out mode. The desorber design illustrated in Figure 2 
meets these criteria. 

4.11.4 The purge-and-trap device may be assembled as a separate unit 
or may be coupled to a gas chromatograph, as shown in Figures 3 and 4. 

4.11.5 Trap Packing Materials 

4.11.5.1 2,6-Diphenylene oxide polymer - 60/80 mesh, 
chromatographic grade (Tenax GC or equivalent). 

4.11.5.2 Methyl silicone packing - OV-1 {3%) on Chromosorb-W, 
60/80 mesh or equivalent. 

4.11.5.3 Silica gel - 35/60 mesh, Davison, grade 15 or 
equivalent. 

4.11. 5. 4 Coconut charcoa 1 - Prepare from Barnebey Cheney, CA-
580-26 lot #M-2649 by crushing through 26 mesh screen. 

4.12 Gas chromatograph/mass spectrometer system 

4.12.1 Gas chromatograph - An analytical system complete with a 
temperature-programmable gas chromatograph and a11 required accessories 
including syringes, analytical columns, and gases. 

4.12.2 Column - 6-ft x 0.1-in. i.d. glass, packed with 1% SP-1000 on 
Carbopack-B (60/80 mesh) or equivalent. 

4.12.3 Mass spectrometer - Capable of scanning from 35-260 amu every
3 seconds or less, using 70 volts (nominal) electron energy in the 
electron impact mode and producing a mass spectrum that meets al 1 the 
criteria in Table 3 when 50 ng of 4-bromofluorobenzene (BFB) are injected 
through the gas chromatograph inlet. 

4.12.4 GC/MS interface - Any GC-to-MS interface that gives acceptable 
calibration points at 50 ng or less per injection for each of the analytes 
and achieves all acceptable performance criteria (see Table 3) may be 
used. GC-to-MS interfaces constructed entirely of glass or of glass-lined 
materials are recommended. Glass can be deactivated by silanizing with 

. dichlorodimethylsilane. 

4.12.5 Data system - A computer system that allows the continuous 
acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program must be 
interfaced to the mass spectrometer. The computer must have software that 
allows searching any GC/MS data file for ions of a specified mass and 
plotting such ion abundances versus time or scan number. This type of plot 
is defined as an Extracted Ion Current Profile (EICP). Software must also 
be available that allows integrating the abundances in any EICP between 
specified time or scan-number limits. The most recent version of the 
EPA/NIH Mass Spectral Library should also be available. 
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5.0 REAGENTS 

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise 
i ndi cat e d , i t i s i n tended that a11 reagents sh a 11 conform to the 
specifications of the Committee on Analytical Reagents of the American 
Chemical Society, where such specifications are available. Other grades may be 
used, provided it is first ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening the accuracy of the 
determination. 

5.2 ASTM Type II Water (ASTM 01193-77 (1983)). All references to water 
in the method refer to ASTM Type II unless otherwise specified. Must be free 
of interferences at the method detection limit (MOL) of the analytes of 
interest. ASTM Type II water is further purified by any of the fo 11 owing 
techniques: 

5.2.1 Reagent water may be generated by passing tap water through a 
carbon filter bed containing about 453 g of activated carbon (Calgon 
Corp., Filtrasorb-300 or equivalent). 

5.2.2 A water purification system (Millipore Milli-Q Plus with the 
Organex-Q cartridge or equivalent) may be used to generate reagent water. 

5.2.3 Reagent water may also be prepared by boiling water for 15 
minutes. Subsequently, while maintaining the temperature at 90°C, bubble 
a contaminant-free inert gas through the water for 1 hour. While it is 
still hot, transfer the water to a narrow-mouth screw-cap bottle and seal 
with a Teflon-lined septum and cap. 

5.3 Stock solutions - Stock solutions may be prepared from pure standard 
materials or purchased as certified solutions. Prepare stock standard 
solutions in methanol, using assayed liquids or gases, as appropriate. 

5.3.1 Place about 9.8 ml of methanol in a 10-ml tared ground- glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for 
about 10 minutes or until all alcohol-wetted surfaces have dried. Weigh
the flask to the nearest 0.1 mg. 

5.3.2 Add the assayed reference material, as described below. 

5.3.2.1 Liquids - Using a 100-ul syringe, immediately add two 
or more drops of assayed reference material to the flask; then 
reweigh. The liquid must fall directly into the alcohol without 
contacting the neck of the flask. 

5.3.2.2 Gases - To prepare standards for any compounds that 
boil below 30°C (e.g. bromomethane, chloroethane, chloromethane, or 
vinyl chloride), fill a 5-ml valved gas-tight syringe with the 
reference standard to the 5.0-ml mark. Lower the needle to 5 mm 
above the methanol meniscus. Slowly introduce the reference standard 
above the surface of the liquid. The heavy gas will rapidly 
dissolve in the methanol. Standards may also be prepared by using a 
lecture bottle equipped with a Hamil ton Lecture Bottle Septum 
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(#86600). Attach Teflon tubing to the side-arm relief valve and 
direct a gentle stream of gas into the methanol meniscus. 

5.3.3 Reweigh, dilute to volume, stopper, and then mix by inverting 
the flask several times. Calculate the concentration in micrograms per 
microliter (ug/ul) from the net gain in weight. When compound purity is 
assayed to be 96% or greater, the weight may be used without correction to 
calculate the concentration of the stock standard. Commercially prepared
stock standards may be used at any concentration if they are certified by 
the manufacturer or by an independent source. 

5.3.4 Transfer the stock standard solution into a Teflon-sealed 
screw cap bottle. Store, with minimal headspace, at -l0°C to -20°C and 
protect from light. 

5.3.5 Prepare fresh standards every two months for gases. Reactive 
compounds such as 2-chloroethylvinyl ether and styrene may need to be 
prepared more frequently. All other standards must be replaced after six 
months. Both gas and 1 i quid standards must be monitored closely by 
comparison to the initial calibration curve and by comparison to QC check 
standards. It may be necessary to replace the standards more frequently if 
either check exceeds a 25% difference. 

5.4 Secondary dilution standards - Using stock standard solutions, 
prepare in methanol, secondary dilution standards containing the compounds of 
interest, either singly or mixed together. Secondary dilution standards must 
be stored with minimal headspace and should be checked frequently for signs of 
degradation or evaporation, especially just prior to preparing calibration 
standards from them. 

5. 5 Surrogate standards - The surrogates recommended are tol uene-dg, 
4-bromofluorobenzene, and l,2-dichloroethane-d4. Other compounds may be used 
as surrogates, depending upon the analysis requirements. A stock surrogate 
solution in methanol should be prepared as described in Step 5.1, and a 
surrogate standard spiking solution should be prepared from the stock at a 
concentration of 250 ug/10 ml in methanol. Each sample undergoing GC/MS 
analysis must be spiked with 10 ul of the surrogate spiking solution prior to 
analysis. · 

5.6 Internal standards - The recommended internal standards are 
bromoch 1 oromethane, 1, 4-d i fl uorobenzene, and ch1 orobenzene-d5. Other 
compounds may be used as internal standards as long as they have retention 
times similar to the compounds being detected by GC/MS. Prepare internal 
standard stock and secondary dilution standards in methanol using the 
procedures described in Steps 5 .1 and 5. 2. It is recommended that the 
secondary dilution standard should be prepared at a concentration of 25 ug/ml 
of each internal standard compound. Addition of 10 ul of this standard to 5.0 
ml of sample or calibration standard would be the equivalent of 50 ug/L. 

5.7 4-Bromofluorobenzene (BFB) standard - A standard solution containing 
25 ng/ul of BFB in methanol should be prepared. 
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5.8 Calibration standards - Calibration standards at a mrn,mum of five 

concentration levels should be prepared from the secondary dilution of stock 
standards· ( see Steps 5.1 and 5. 2). Prepare these so1utions in water. One of 
the concentration levels should be at a concentration near, but above, the 
method detection limit. The remaining concentration levels should correspond 
to the expected range of concentrations found in real samples but should not 
exceed the working range of the GC/MS system. Each stindard should contain 
each analyte for detection by this method (e.g. some or all of the compounds 
listed in Table 1 may be included). Calibration standards must be prepared 
daily. 

5.9 Matrix spiking standards - Matrix spiking standards should be 
prepared from volatile organic compounds which will be representative of the 
compounds being investigated. The suggested compounds are 1,1-dichloroethene, 
trichloroethene, chlorobenzene, toluene, and benzene. The standard should be 
prepared in methanol, with each compound present at a concentration of 250 
ug/10.0 ml. 

5.10 Great care must be taken to maintain the integrity of all standard 
solutions. It is recommended that all standards in methanol be stored at 
-l0°C to -2o·c in screw-cap amber bottles with Teflon liners. 

5.11 Methanol, CH30H. Pesticide quality or equivalent. Store apart from 
other solvents. 

5.12 Reagent Tetraglyme - Reagent tetraglyme is defined as tetraglyme in 
which interference is not observed at the method detection limit of compounds 
of interest. 

5.12.1 Tetraglyme (tetraethylene glycol dimethyl ether, Aldrich #17, 
240-5 or equivalent), CsH1s05. Purify by treatment at reduced pressure in 
a rotary evaporator. The tetraglyme should have a peroxide content of less 
than 5 ppm as indicated by EM Quant Test Strips (available from Scientific 
Products Co., Catalog No. Pll26-8 or equivalent}. 

CAUTION: Glycol ethers are suspected carcinogens. All solvent 
handling should be done in a hood while using proper 
protective equipment to minimize exposure to liquid and 
vapor. 

Peroxides 
activated 

may be removed by passing the tetraglyme through a column of 
alumina. The tetraglyme is placed is a round bottom flask 

equipped with a standard taper joint, and the flask is affixed to a rotary 
evaporator. The flask is immersed in a water bath at 90-100°C and a vacuum 
is maintained at < 10 mm Hg for at least two hours using a two-stage 
methanical pump. The vacuum system is equipped with an all-glass trap, 
which is maintained in a dry ice/methanol bath. Cool the tetraglyme to 
ambient temperature and add 0.1 mg/ml of 2,6-di-tert-butyl-4-methyl-phenol 
to prevent peroxide formation. Store the tetraglyme in a tightly sealed 
screw-cap bottle in an area that is not contaminated by solvent vapors. 
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5.12.2 In order to demonstrate that all interfering volatiles have 
been removed from the tetraglyme, a water/tetraglyme blank must be 
analyzed. 

5.13 Polyethylene glycol, H(OCH2CH2)nOH. Free of interferences at the 
detection limit of the analytes. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, Step 
4 .1. 

7. 0 PROCEDURE 

7.1 Direct injection - In very limited applications (e.g. aqueous process 
wastes), direct injection of the sample into the GC/MS system with a 10 uL 
syringe may be appropriate. One such application is for verification of the 
alcohol content of an aqueous sample prior to determining if the sample is 
ignitable (Methods 1010 or 1020). In this case, it is suggested that direct 
injection be used. The detection limit is very high (approximately 10,000 
ug/L); therefore, it is only permitted when concentrations in excess of 10,000 
ug/L are expected or for water-soluble compounds that do not purge. The 
system must be calibrated by direct injection (bypassing the purge-and-trap 
device). 

7.2 Initial calibration for purge-and-trap procedure 

7.2.1 Recommended GC/MS operating conditions 

Electron energy: 70 volts (nominal).
Mass range: 35-260 amu. 
Scan time: To give 5 scans/peak but not to exceed 

7 sec/scan. 
Initial column temperature: 4s•c. 
Initial column holding time: 3 minutes 
Column temperature program: 8°C/minutes 
Final column temperature: 22o·c. 
Final column holding time: 15 minutes 
Injector temperature: 200-22s·c. 
Source temperature: According to manufacturer's 

specifications.
Transfer line temperature: 2so-3oo·c. 
Carrier gas: Hydrogen at 50 cm/sec or helium at 

30 cm/sec. 

7.2.2 Each GC/MS system must be hardware-tuned to meet the criteria 
in Table 3 for a 50-ng injection or purging of 4-bromofluorobenzene (2-uL 
injection of the BFB standard). Analyses must not begin until these 
criteria are met. 

7.2.3 Assemble a purge-and-trap device that meets the specification 
in Step 4.11. Condition the trap overnight at 180°C in the purge mode 
with an inert gas flow of at least 20 ml/min. Prior to-use, condition the 

8240 - 10 Revision 1 
December 1987 



trap daily for 10 min while backflushing at 180°C with the column, at
22o·c. 

7.2.4 Connect the purge-and-trap device to a gas chromatograph. 

7.2.5 Prepare the final solutions containing the required 
concentrations of calibration standards, including surrogate standards, 
directly in the purging device (use freshly prepared stock solutions when 
preparing the calibration standards for the initial calibration.) Add 5.0 
ml of water to the purging device. The water is added to the purging 
device using a 5-ml glass syringe fitted with a 15-cm 20-gauge needle. 
The needle is inserted through the sample inlet shown in Figure 1. The 
internal diameter of the 14-gauge needle that forms the sample inlet will 
permit insertion of the 20-gauge needle. Next, using a 10-ul or 25-ul 
micro-syringe equipped with a long needle {Step 4.1), take a volume of the 
secondary dilution solution containing appropriate concentrations of the 
calibration standards {Step 5.6). Add the aliquot of calibration solution 
directly to the reagent water in the purging device by inserting the 
needle through the sample inlet. When discharging the ·contents of the 
micro-syringe, be sure that the end of the syringe needle is well beneath 
the surface of the reagent water. Simi 1arly, add 10 ul of the internal 
standard solution {Step 5.4). Close the 2-way syringe valve at the sample
inlet. 

7.2.6 Carry out the purge-and-trap analysis procedure as described 
in Step 7 . 4 . 1. 

( 7.2.7 Tabulate the area response of the characteristic ions {see 
Table 1) against concentration for each compound and each internal 
standard. Calculate response factors {RF) for each compound relative to 
one of the internal standards. The i nterna 1 standard selected for the 
calculation of the RF for a compound should be the internal standard that 
has a retention time closest to the compound being measured (Step 7.5.2). 
The RF is calculated as follows: 

RF = {AxCis)/{AisCx) 

where: 

Ax = Area of the characteristic ion for the compound being
measured. 

Ais = Area of the characteristic ion for the specific internal 
standard. 

Cis = Concentration of the specific internal standard. 

Cx = Concentration of the compound being measured. 

7.2.8 The average RF must be calculated for each compound. A system 
performance check should be made before this calibration curve is used. 

( Five compounds (the System Performance Check Compounds, or SPCCs) are 
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checked for a minimum average response factor. These compounds are 
chloromethane, 1,1-dichloroethane, bromoform, 1,1,2,2-tetrachloroethane, 
and chlorobenzene. The minimum acceptable average RF for these compounds 
should be 0.300 {0.250 for bromoform). These compounds typically have RFs 
of 0.4-0.6 and are used to check compound instability and check for 
degradation caused by contaminated lines or active sites in the system. 
Examples of these occurrences are: 

7.2.8.1 Chloromethane, - This compound is the most likely 
compound to be lost if the purge flow is too fast. 

7.2.8.2 Bromoform - This compound is one of the compounds most 
likely to be purged very poorly if the purge flow is too slow. Cold 
spots and/or active sites in the transfer lines may adversely affect 
response. Response of the quantitation ion (m/z 173) is directly 
affected by the tuning of BFB at ions m/z 174/176. Increasing the 
m/z 174/176 ratio may improve bromoform response. 

7. 2. 8. 3 Tetrach l oroethane and 1, 1-d i ch l oroethane - These 
compounds are degraded by contaminated transfer lines in purge-and
trap systems and/or active sites in trapping materials. 

7.2.9 Using the RFs from the initial calibration, calculate the 
percent relative standard deviation {%RSO) for Calibration Check Compounds 
(CCCs). 

%RSD = SO x 100 
x 

where: 

RSD = relative standard deviation. 

x = mean of 5 initial RFs for a compound. 

SO = standard deviation of average RFs for a compound. 

The %RSD for each individual CCC should be less than 30 percent. This 
criterion must be met in order for the individual calibration to be valid. 
The CCCs are: 

1,1-Dichloroethene, 
Chloroform, 
1,2-Dichloropropane, 
Toluene, 
Ethylbenzene, and 
Vinyl chloride. 
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7.3 Daily GC/MS calibration 

7.3.1 Prior to the analysis of samples, inject or purge 50-ng of the 
4-bromofl uorobenzene standard. The resultant mass spectra for the BFB 
must meet all of the criteria given in Table 3 before sample analysis 
begins. These criteria must be demonstrated each 12-hour shift. 

7.3.2 The initial calibration curve {Step 7.2) for each compound of 
interest must be checked and verified once every 12 hours of analysis 
time. This is accomplished by analyzing a calibration standard that is at 
a concentration near the midpoint concentration for the working range of 
the GC/MS by checking the SPCC (Step 7.3.3) and CCC (Step 7.3.4). 

7 .3.3 System Performance Check Compounds (SPCCs) - A system 
performance check must be made each 12 hours. If the SPCC criteria are 
met, a comparison of response factors is made for all compounds. This is 
the same check that is applied during the initial calibration. If the 
minimum response factors are not met, the system must be evaluated, and 
corrective action must be taken before sample analysis begins. The 
minimum response factor for volatile SPCCs is 0.300 (0.250 for Bromoform). 
Some possible problems are standard mixture degradation, injection port 
inlet contamination, contamination at the front end of the analytical 
column, and active sites in the column or chromatographic system. 

7 .3.4 Calibration Check Compounds (CCCs): After the system 
performance check is met, CCCs listed in Step 7.2.9 are used to check the 
validity of the initial calibration. Calculate the percent difference 
using: 

% Difference= ----

where: 

RFI = average response factor from initial calibration. 

RFc = response factor from current verification check standard. 

If the percent difference for any compound is greater than 20, the 
laboratory should consider this a warning limit. If the percent 
difference for each CCC is less than 25%, the ·initial calibration is 
assumed to be valid. If the criterion is not met (> 25% difference), for 
any one CCC, corrective action MUST be taken. Problems similar to those 
listed under SPCCs could affect this criterion. If no source of the 
problem can be determined after corrective action has been taken, a new 
five-point calibration MUST be generated._ This criterion MUST be met 
before quantitative sample analysis begins. 

7 .3.5 The internal standard responses and retention times in the 
check calibration standard must be evaluated immediately after or during 
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data acquisition. If the retention time for any internal standard changes 
by more than 30 seconds from the last check calibration (12 hours), the 
chromatographic system must be inspected for malfunctions and corrections 
must be made, as required. If the EICP area for any of the internal 
standards changes by a factor of two (- 50% to+ 100%) from the last daily 
calibration standard check, the mass spectrometer must be inspected for 
ma l funct i ans and correct i ans must be made, as appropriate. When 
corrections are made, reanalysis of samples analyzed while the system was 
malfunctioning are necessary. 

7.4 GC/MS analysis 

7.4.1 Water samples 

7.4.1.1 Screening of the sample prior to purge-and-trap 
analysis will provide guidance on whether sample dilution is 
necessary and will prevent contamination of the purge-and-trap 
system. Two screening techniques that can be used are: the 
headspace sampler (Method 3810) using a gas chromatograph {GC) 
equipped with a photo ionization detector {PIO) in series with an 
electrolytic conductivity detector {ECO); and extraction of the 
sample with hexadecane and analysis of the extract on a GC with a FID 
and/or an ECO {Method 3820). 

7.4.1.2 All samples and standard solutions must be allowed to 
warm to ambient temperature before analysis. 

7.4.1.3 Set up the GC/MS system as outlined in Step 7.2.1. 

7.4.1.4 BFB tuning criteria and daily GC/MS calibration 
criteria must be met {Step 7.3) before analyzing samples. 

7.4.1.5 Adjust the purge gas {helium) flow rate to 25-40 ml/min 
on the purge-and-trap device. Optimize the flow rate to provide the 
best response for chloromethane and bromoform, if these compounds are 
analytes. Excessive flow rate reduces chloromethane response, 
whereas insufficient fl ow reduces bromoform response { see Step
7.2.8). 

7.4.1.6 Remove the plunger from a 5-ml syringe and attach a 
closed syringe valve. Open the sample or standard bottle, which has 
been allowed to come to ambient temperature, and carefully pour the 
sample into the syringe barrel to just short of overflowing. Replace 
the syringe plunger and compress the sample. Open the syringe va1ve 
and vent any residual air while adjusting the sample volume to 5.0 
ml. This process of taking an aliquot destroys the validity of the 
liquid sample for future analysis; therefore, if there is only one 
VOA vial, the analyst should fill a second syringe at this time to 
protect against possible loss of sample integrity. This second 
sample is maintained only until such time when the analyst has 
determined that the first sample has been analyzed properly. Filling 
one 20-ml syringe would allow the use of only one syringe. If a 
second analysis is needed from a syringe, it must be analyzed within 
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24 hours. Care must be taken to prevent air from leaking into the 
syringe. 

7.4.1.7 The following procedure is appropriate for diluting 
purgeable samples. All steps must be performed without delays until 
the diluted sample is in a gas-tight syringe. 

7.4.1.7.1 Dilutions may be made in volumetric flasks 
(10-to 100-ml). Select the volumetric flask that will allow for 
the necessary dilution. Intermediate dilutions may be necessary 
for extremely large dilutions. 

7.4.1.7.2 Calculate the approximate volume of reagent 
water to be added to the volumetric flask selected and add 
slightly less than this quantity of reagent water to the flask. 

7.4.1.7.3 Inject the proper aliquot of samples from the 
syringe prepared in Step 7.4.1.6 into the flask. Aliquots of 
less than 1-ml are not recommended. Dilute the sample to the 
mark with reagent water. Cap the flask, invert, and shake three 
times. Repeat above procedure for additional dilutions. 

7.4.1.7.4 Fill a 5-ml syringe with the diluted sample as 
in Step 7.4.1.6. 

7.4.1.8 Add 10.0 ul of surrogate spiking solution (Step 5.3) 
and 10 ul of internal standard spiking solution (Step 5.4) through

( the valve bore of the syringe; then close the valve. The surrogate 
and internal standards may be mixed and added as a single spiking 
solution. The addition of 10 ul of the surrogate spiking solution to 
5 ml of sample is equivalent to a concentration of 50 ug/l of each 
surrogate standard. 

7.4.1.9 Attach the syringe-syringe valve assembly to the 
syringe valve on the purging device. Open the syringe valves and 
inject the sample into the purging chamber. 

7.4.1.10 Close both valves and purge the sample for 11.0 ± 0.1 
minutes at ambient temperature. 

7.4.1.11 At the conclusion of the purge time, attach the trap 
to the chromatograph, adjust the device to the desorb mode, and begin
the gas chromatographic temperature program and GC/MS data 
acquisition. Concurrently, introduce the trapped materials to the gas 
chromatographic column by rapidly heating the trap to 18o·c while 
back flushing the trap with inert gas between 20 and 60 ml/min for 
4 minutes. If this rapid heating requirement cannot be met, the gas 
chromatographic column must be used as a secondary trap by cooling it 
to 30 •c (or subambi ent, if prob 1 ems persist) instead of the 
recommended initial program temperature of 45°C. 

7.4.1.12 While the trap is being desorbed into the gas 
chromatograph, empty the purging chamber. Wash the chamber with a 
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m1n1mum of two 5-ml flushes of water {or methanol followed by water) 
to avoid carryover of pollutant compounds into subsequent analyses. 

7.4.1.13 After desorbing the sample for 4 minutes, recondition 
the trap by returning the purge-and-trap device to the purge mode. 
Wait 15 seconds; then close the syringe valve on the purging device 
to begin gas flow through the trap. The trap temperature should be 
maintained at 180°C. Trap temperatures up to 220°C may be employed; 
however, the higher temperature will shorten the useful life of the 
trap. After approximately 7 minutes, turn off the trap heater and 
open the syringe valve to stop the gas flow through the trap. When 
cool, the trap is ready for the next sample. 

7.4.1.14 If the initial analysis of a sample or a dilution of 
the sample has a concentration of analytes that exceeds the initial 
calibration range, the sample must be reanalyzed at a higher 
dilution. Secondary ion quantitation is allowed only when there are 
sample interferences with the primary ion. When a sample is analyzed 
that has saturated ions from a compound, this analysis must be 
followed by a blank water analysis. If the blank analysis is not 
free of interferences, the system must be decontaminated. Sample 
analysis may not resume until a blank can be analyzed that is free of 
interferences. 

7.4.1.15 For matrix spike analysis, add 10 ul of the matrix 
spike solution {Step 5.7) to the 5 ml of sample purged. Disregarding 
any dilutions, this is equivalent to a concentration of 50 ug/l of 
each matrix spike standard. 

7.4.1.16 All dilutions should keep the response of the major 
constituents (previously saturated peaks) in the upper half of the 
linear range of the curve. Proceed to Steps 7. 5 .1 and 7. 5. 2 for 
qualitative and quantitative analysis. 

7.4.2 Water-miscible liquids 

7.4.2.1 Water-miscible liquids are analyzed as water samples
after first diluting them at least SO-fold with water. 

7.4.2.2 Initial and serial dilutions can be prepared by 
pipetting 2 ml of the sample to a 100-ml volumetric flask and 
diluting to volume with reagent water. Transfer immediately to a 
5-ml gas-tight syringe. 

7.4.2.3 Alternatively, prepare dilutions directly in a 5-ml 
syringe filled with reagent water by adding at least 20 ul, but not 
more than 100-ul of liquid sample. The sample is ready for addition 
of internal and surrogate standards. 

7.4.3 Sediment/soil and waste samples - It is highly recommended 
that all samples of this type be screened prior to the purge-and-trap 
GC/MS analysis. The headspace method {Method 3810) or the hexadecane 
extraction and screening method {Method 3820) may used for this purpose. 
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These samples may contain percent quantities of purgeable organics tihat 
will contaminate the purge-and-trap system, and require extensive cleanup 
and instrument downtime. Use the screening data to determine whether to 
use the low-level method (0.005-1 mg/kg) or the high-level method (> 1 
mg/kg). 

7.4.3.1 Low-level method - This is designed for samples 
containing individual purgeable compounds of < 1 mg/kg. It is 
limited to sediment/soil samples and waste that is of a similar 
consistency {granular and porous). The low-level method is based on 
purging a heated sediment/soil sample mixed with reagent water 
containing the surrogate and internal standards. Analyze all reagent 
blanks and standards under the same conditions as the samples. See 
Figure 5 for an illustration of a low soils impinger. 

7.4.3.1.1 Use a 5-g sample if the expected concentration is 
< 0.1 mg/kg or a 1-g sample for expected concentrations between 
0.1 and 1 mg/kg. 

7.4.3.1.2 The GC/MS system should be set up as in Steps 
7.4.1.2-7.4.1.4. This should be done prior to the preparation 
of the sample to avoid loss of volatiles from standards and 
samples. A heated purge calibration curve must be prepared and 
used for the quantitation of all samples analyzed with the low
level method. Follow the initial and daily calibration 
instructions, except for the addition of a 40°C purge 
temperature.

( 
7. 4. 3 .1. 3 Remove the p 1 unger from a 5-ml Luerl ock type 

syringe equipped with a syringe valve and fill until overflowing 
with water. Replace the plunger and compress the water to vent 
trapped air. Adjust the volume to 5.0 ml. Add 10 ul each of 
surrogate spiking solution (Step 5.3) and internal standard 
solution (Step 5.4) to the syringe through the valve. 
(Surrogate spiking solution and internal standard solution may 
be mixed together.) The addition of 10 ul of the surrogate 
spiking solution to 5 g of sediment/soil is equivalent to 50 
ug/kg of each surrogate standard. 

7.4.3.1.4 The sample (for volatile organics) consists of 
the entire contents of the sample container. Do not discard any 
supernatant liquids. Mix the contents of the sample container 
\-Jith a narrow metal spatula. Weigh the amount determined in 
Step 7.4.3.1.1 into a tared purge device. Note and record the 
actual weight to the nearest 0.1 g. 

7.4.3.1.5 Determine the percent moisture of the 
soil/sediment sample. This includes waste samples that are 
amenable to moisture determination. Other wastes should be 
reported on a wet-weight basis. Immediately after weighing the 
sample, weigh (to 0.1 g) 5-10 g of additional sediment/soil into 
a tared crucible. Dry the contents of the crucibles overnight

( at 105•c. Allow to cool in a desiccator and reweigh the dried 
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contents. Concentrations of individual analytes will be 
reported relative to the dry weight of sediment. 

. t grams of sample - grams of dry sample%o mo1s ure = ________________ x 100 
grams of sample 

7.4.3.1.6 Add the spiked water to the purge device, which 
contains the weighed amount of sample, and connect the device to 
the purge-and-trap system. 

NOTE: Prior to the attachment of the purge device, the procedures in 
Steps 7.4.3.1.4 and 7.4.3.1.6 must be performed rapidly and 
without interruption to avoid loss of volatile organics. 
These steps must be performed in a laboratory free of solvent 
fumes. 

7.4.3.1.7 Heat the sample to 40°C ± l°C and purge the 
sample for 11.0 ± 0.1 minute. 

7.4.3.1.8 Proceed with the analysis as outlined in Steps 
7.4.1.11-7.4.1.16. Use 5 ml of the same water as in the reagent 
blank. If saturated peaks occurred or would occur if a 1-g 
sample were analyzed, the medium-level method must be followed. 

7.4.3.1.9 For low-level sediment/soils add 10 ul of the 
matrix spike solution (Step 5.7) to the 5 ml of water (Step 
7.4.3.1.3). The concentration for a 5-g sample would be 
equivalent to 50 ug/kg of each matrix spike standard. 

7.4.3.2 High-level method - The method is based on extracting 
the sediment/soil with methanol. A waste sample is either extracted 
or diluted, depending on its solubility in methanol. Wastes (i.e. 
petroleum and coke wastes} that are insoluble in methanol are diluted 
with reagent tetraglyme or possibly polyethylene glycol (PEG}. An 
aliquot of the extract is added to reagent water containing surrogate 
and internal standards. This is purged at ambient temperature. All 
samples with an expected concentration of > 1.0 mg/kg should be 
analyzed by this method. 

7.4.3.2.l The sample (for volatile organics) consists of 
the entire contents of the sample container. Do not discard any 
supernatant liquids. Mix the contents of the sample container 
with a narrow metal spatula. For sediment/soil and solid wastes 
that are insoluble in methanol weigh 4 g (wet weight) of sample
into a tared 20-ml vial. Use a top-loading balance. Note and 
record the actual weight to 0.1 gram and determine the percent 
moisture of the sample using the procedure in Step 7.4.3.1.5. 
For waste that is soluble in methanol, tetraglyme, or PEG, weigh 
lg (wet weight) into a tared scintillation vial or culture tube 
or a 10-ml volumetric flask. (If a vial or tube is used, it 
must be calibrated prior to use. Pipet 10.0 ml of solvent into 
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the vial and mark the bottom of the meniscus. Discard this 

c· solvent.) 

NOTE: 

7.4.3.2.2 Quickly add 9.0 ml of appropriate solvent; then 
add 1.0 ml of the surrogate spiking solution to the vial. Cap 
and shake for 2 minutes. 

Steps 7. 4. 3. 2 .1 and 7. 4. 3. 2. 2 must be performed rapidly and 
without interruption to avoid loss of volatile organics. 
These steps must be performed in a 1 aboratory free from 
solvent fumes. 

7.4.3.2.3 Pipet approximately 1 ml of the extract to a GC 
vial for storage, using a disposable pipet. The remainder may 
be disposed of. Transfer approximately 1 ml of appropriate 
solvent to a separate GC vial for use as the method blank for 
each set of samples. These extracts may be stored at 4°C in the 
dark, prior to analysis. The addition of a 100-ul aliquot of 
each of these extracts in Step 7.4.3.2.6 will give a 
concentration equivalent to 6,200 ug/kg of each surrogate 
standard. 

7.4.3.2.4 The GC/MS system should be set up as in Steps 
7.4.1.2-7.4.1.4. This should be done prior to the addition of 
the solvent extract to water. 

7 .4.3~2.5 Table 4 can be used to determine 
~ 

the volume of 
solvent extract to add to the 5 ml of water for analysis. If a 
screening procedure was followed (Method 3810 or 3820), use the 
estimated concentration to determine the appropriate volume. 
Otherwise, estimate the concentration range of the sample from 
the low-level analysis to determine the appropriate volume. If 
the sample was submitted as a medium-level sample, start with 
100 ul. All dilutions must keep the response of the major 
constituents (previously saturated peaks) in the upper half of 
the linear range of the curve. 

7.4.3.2.6 Remove the plunger from a 5.0-ml Luerlock type -
syringe equipped with a syringe valve and fill until overflowing 
with water. Replace the plunger and compress the water to vent 
trapped air. Adjust the volume to 4.9 ml. Pull the plunger 
back to 5.0 ml to allow volume for the addition of the sample 
extract and of standards. Add 10 ul of internal standard 
solution. Also add the volume of solvent extract determined in 
Step 7.4.3.2.5 and a volume of extraction or dissolution solvent 
to total 100 ul (excluding methanol in standards). 

7.4.3.2.7 Attach the syringe-syringe valve assembly to the 
syringe valve on the purging device. Open the syringe valve and 
inject the water/methanol sample into the purging chamber. 

( 
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7.4.3.2.8 Proceed with the analysis as outlined in Step 
7.4.1.11-7.4.1.16. Analyze all reagent blanks on the same 
instrument as that use for the samples. The standards and 
blanks should also contain 100 ul of solvent to simulate the 
sample conditions. 

7.4.3.2.9 For a matrix spike in the medium-level 
sediment/soil samples, add 8.0 ml of methanol, 1.0 ml of 
surrogate spike solution (Step 5.3), and 1.0 ml of matrix spike. 
solution (Step 5.7) as in Step 7.4.3.2.2. This results in a 
6,200 ug/kg concentration of each matrix spike standard when 
added to a 4-g sample. Add a 100-ul aliquot of this extract to 
5 ml of water for purging (as per Step 7.4.3.2.6). 

7.5 Data interpretation 

7.5.1 Qualitative analysis 

7.5.1.1 An analyte (e.g. those listed in Table 1) is identified 
by comparison of the sample mass spectrum with the mass spectrum of a 
standard of the suspected compound (standard reference spectrum). 
Mass spectra for standard reference should be obtained on the user's 
GC/MS within the same 12 hours as the sample analysis. These 
standard reference spectra may be obtained through analysis of the 
calibration standards. Two criteria must be satisfied to verify 
identification: (1) elution of sample component at the same GC 
relative retention time (RRT) as those of the standard component; and 
(2) correspondence of the sample component and the standard component 
mass spectrum. 

7.5.1.1.1 The sample component RRT must compare within 
± 0.06 RRT units of the RRT of the standard component. For 
reference, the standard must be run within the same 12 hours as 
the samp1e. If coe 1 ut ion of interfering components prohibits 
accurate assignment of the sample component RRT from the total 
ion chromatogram, the RRT should be assigned by using extracted 
ion current profi 1es for i ans unique to the component of 
interest. 

7.5.1.1.2 (1) All ions present in the standard mass spectra 
at a relative intensity greater than 10% (most abundant ion in 
the spectrum equals 100% must be present in the sample 
spectrum). (2) The relative intensities of ions specified in 
(1) must agree within plus or minus 20% between the standard and 
sample spectra. (Example: For an ion with an abundance of 50% 
in the standard spectra, the corresponding sample abundance must 
be between 30 and 70 percent. 

7.5.1.2 For samples containing components not associated with 
the ca1 i brat ion standards, a library search may be made for the 
purpose of tentative identification. The necessity to perform this 
type of identification will be determined by the type of analyses 
being conducted. Guidelines for making tentative identification are: 

8240 - 20 Revision 1 
December 1987 

https://7.4.1.11-7.4.1.16


( 

(1) Relative intensities of major ions in the reference spectrum
(ions> 10% of the most abundant ion) should be present in the sample 
spectrum. 

(2) The relative intensities of the major ions should agree within± 
200/4. (Example: For an ion with an abundance of 50% in the standard 
spectrum, the corresponding sample ion abundance must be between 30 
and 70%}. 

(3} Molecular ions present in the reference spectrum should be 
present in the sample spectrum. 

(4) Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background contamination or 
presence of coeluting compounds. 

(5) Ions present in the reference spectrum but not in the sample 
spectrum should be reviewed for possible subtraction from the sample 
spectrum because of background contamination or coe1 ut i ng peaks. 
Data system 1 ibrary reduction programs can sometimes create these 
discrepancies. 

Computer generated 1ibrary search routines should not use 
normalization routines that would misrepresent the library or unknown 
spectra when compared to each other. Only after visual comparison of 
sample with the nearest 1 i brary searches wi 11 the mass spectral 
interpretation specialist assign a tentative identification. 

7.5.2 Quantitative analysis 

7.5.2.1 When a compound has been identified, the quantification 
of that compound will be based on the integrated abundance from the 
EICP of the primary characteristic ion. Quantification will take 
place using the internal standard technique. The internal standard 
used shall be the one nearest the retention time of that of a given 
analyte (e.g. see Table 5). 

7.5.2.2 Calculate the concentration of each identified 
analyte in the sample as follows: 

Water and Water-Miscible Waste 

where: 

Ax • Area of characteristic ion for compound being measured. 

ls • Amount of internal standard injected (ng). 

Ais • Area of characteristic ion for the internal standard. 
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RF = Response factor for compound being measured {Step 7.2.7). 

V0 = Volume of water purged {ml), taking into consideration 
any dilutions made. 

Sediment/Soil, Sludge, and Waste 

High-level 

{Ax) (ls)(Vt)
concentration (ug/kg) = 

(Ais}{RF}(V1}(Ws) 

Low-1 evel 

{Ax} (Is}
concentration {ug/kg) = 

(Ais)(RF}(Ws} 

where: 

Ax, Is, Ais, RF= same as for water. 

Vt = volume of total extract (ul} {use 10,000 ul or a factor of 
this when dilutions are made). 

V; = volume of extract added (ul) for purging. 

Ws = weight of sample extracted or purged (g). The wet weight 
or dry weight may be used, depending upon the specific 
applications of the data. 

7.5.2.3 Sediment/soil samples are generally reported on a dry
weight basis, while sludges and wastes are reported on a wet weight 
basis. The % moisture of the sample (as calculated in Step 
7.4.3.1.5) should be reported along with the data in either instance. 

7.5.2.4 Where applicable, an estimate of concentration for 
noncalibrated components in the sample should be made. The formulas 
given above should be used with the following modifications: The 
areas Ax and Ais .should be from the total ion chromatograms, and the 
RF for the compound should be assumed to be 1. The concentration 
obtained should be reported indicating· (1) that the value is an 
estimate and (2) which internal standard was used to determine 
concentration. Use the nearest i nterna1 standard free of 
interferences. 

7.5.2.5 Report results without correction for recovery data. 
When duplicates and spiked samples are analyzed, report all data 
obtained with the sample results. 
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8.0 QUALITY CONTROL 

8.1 Each 1 aboratory that uses these methods is required to operate a 
formal quality control program. The minimum requirements of this program 
consist of an initial demonstration of laboratory capability and an ongoing
analysis of spiked samples to evaluate and document quality data. The 
laboratory must maintain records to document the quality of the data 
generated. Ongoing data quality checks are compared with established 
performance criteria to determine if the results of analyses meet the 
performance characteristics of the method. When results of sample spikes 
indicate atypical method performance, a quality control reference sample must 
be analyzed to confirm that the measurements were performed in an in-control 
mode of operation. 

8.2 Before processing any samples, the analyst should demonstrate, 
through the analysis of a calibration blank, that interferences from the 
analytical system, glassware, and reagents are under control. Each time a set 
of samples is extracted or there is a change in reagents, a reagent blank 
should be processed as a safeguard against chronic laboratory contamination. 
The blank samples should be carried through all stages of sample preparation 
and measurement. 

8.3 The experience of the analyst performing GC/MS analyses is invaluable 
to the success of the methods. Each day that analysis is performed, the daily 
calibration standard should be evaluated to determine if the chromatographic 
system is operating properly. Questions that should be asked are: Do the 
peaks look normal?; Is the response obtained comparable to the response from 
previous calibrations? Careful examination of the standard chromatogram can 
indicate whether the co1umn is st i11 useab 1 e, the injector is 1 eak i ng, the 
injector septum needs replacing, etc. If any changes are made to the system
(e.g. column changed), recalibration of the system must take place. 

8.4 Required instrument QC is found in the following section: 

8.4.1 The GC/MS system must be tuned to meet the BFB specifications
in Step 7.2.2. 

8.4.2 There must be an initial calibration of the GC/MS system as 
specified in Step 7.2. 

8.4.3 The GC/MS system must meet the SPCC criteria specified in Step
7.3.3 and the CCC criteria in Step 7.3.4, each 12 hours. -

8.5 To establish the ability to generate acceptable accuracy and 
precision, the analyst must perform the following operations. 

8.5.1 A quality control (QC) reference sample concentrate is 
required containing each analyte at a concentration of 10 ug/mL in 
methanol. The QC reference sample concentrate may be prepared from pure 
standard materi a 1 s or purchased as certified so1 ut ions. If prepared by 
the laboratory, the QC reference sample concentrate must be made using 
stock standards prepared independently from those used for calibration. 
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8.5.2 Prepare a QC reference sample to contain 20 ug/L of each 
analyte by adding 200 ul of QC reference sample concentrate to 100 ml of 
water. 

8.5.3 Four 5-ml aliquots of the well-mixed QC reference sample are 
analyzed according to the method beginning in Step 7.4.1. 

8.5.4 Calculate the average recovery (x) in ug/L, and the standard 
deviation of the recovery ( s) in ug/L, for each ana1yte using the fo1,1r 
results. 

8.5.5 For each analyte compare s and x with the corresponding 
acceptance criteria for precision and accuracy, respectively, found in 
Tab1e 6. If s and x for a11 ana1ytes meet the acceptance criteria, the 
system performance is acceptable and analysis of actual samples can begin.
If any individual s exceeds the precision limit or any individual x falls 
outside the range for accuracy, then the system performance is 
unacceptable for that analyte. 

NOTE: The large number of analytes .in Table 6 present a 
probabi 1ity that one or more wi 11 fail at least 
acceptance criteria when all analytes of a given 

substantial 
one of the 
method are 

determined. 

8.5.6 When one or more of the analytes tested fail at least one of 
the acceptance criteria, the analyst must proceed according to Step 
8.5.6.1 or 8.5.6.2. 

8.5.6.1 Locate and correct the source of the problem and repeat
the test for all analytes beginning with Step 8.5.2. 

8.5.6.2 Beginning with Section 8.5.2, repeat the test only for 
those analytes that failed to meet criteria. Repeated failure, 
however, will confirm a general problem with the measurement system.
If this occurs, locate and correct the source of the problem and 
repeat the test for all compounds of interest beginning with Step
8.5.2. 

8.6 The laboratory must, on an ongoing basis, analyze a reagent blank and 
a spiked replicate for each analytical batch (up to ·a maximum of 20 
samples/batch) to assess accuracy. For soil arid waste samples where detectable 
amounts of organics are present, replicate samples may be appropriate in place 
of spiked replicates. For laboratories analyzing one to ten samples per month, 
at least one spiked sample per month is required. 

8.6.1 The concentration of the spike in the sample should be 
determined as follows: 

8.6.1.1 If, as in compliance monitoring, the concentration of a 
specific analyte in the sample is being checked against a regulatory 
concentration limit, the spike should be at that limit or 1 to 5 
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times higher than the background concentration determined in Step
8.6.2, whichever concentration would be larger. 

8.6.1.2 If the concentration of a specific analyte in a water 
sample is not being checked against a specific limit, the spike 
should be at 20 ug/l or 1 to 5 times higher than the background
concentration determined in Step 8.6.2, whichever concentration would 
be larger. For other matrices, recommended spiking concentration is 
10 times the PQL. 

8.6.2 Analyze one 5-ml sample aliquot to determine the background 
concentration (B} of each analyte. If necessary, prepare a new QC 
reference sample concentrate (Step 8.5.1) appropriate for the background 
concentration in the sample. Spike a second 5-ml sample aliquot with 10 
ul of the QC reference sample concentrate and analyze it to determine the 
concentration after spiking (A) of each analyte. Calculate each percent 
recovery (p} as lOO(A-8)%/T, where Tis the known true value of the spike. 

8.6.3 Compare the percent recovery (p) for each analyte in a water 
sample with the corresponding QC acceptance criteria found in Table 6. 
These acceptance criteria were calculated to include an allowance for 
error in measurement of both the background and spike concentrations, 
assuming a spike to background ratio of 5:1. This error will be acounted 
for to the extent that the analyst's spike to background ratio approaches 
5:1. If spiking was performed at a concentration lower than 20 ug/l, the 
analyst must use either the QC acceptance criteria presented in Table 6, 
or optional QC acceptance criteria calculated for the specific spike 
concentration. To calculate optional acceptance criteria for the recovery 
of an analyte: (1) Calculate accuracy (x') using the equation found in 
Table 7, substituting the spike concentration (T) for C; (2) calculate 
overall precision (S') using the equation in Table 7, substituting x' for 
x; (3) calculate the range for recovery at the spike concentration as 
(lOOx'/T) ± 2.44(100S'/T)%. 

8.6.4 If any individual p falls outside the designated range for 
recovery, that anal yte has failed the acceptance criteria. A check 
standard containing each analyte that failed the criteria must be analyzed 
as described in Step 8.7. 

8. 7 If any ana1yte in a water sample fa i1 s the acceptance criteria for 
recovery in Step 8.6, a QC reference sample containing each analyte that 
failed must be prepared and analyzed. 

NOTE: The frequency for the required analysis of a QC reference sample will 
depend upon the number of analytes being simultaneously tested, the 
complexity· of the sample matrix, and the performance of the 
laboratory. If the entire list of analytes in Table 6 must be 
measured in the sample in Step 8.6, the probability that the analysis
of a QC reference sample will be required is high. In this case the 
QC reference sample should be routinely analyzed with the spiked
sample. 

( 
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8.7.1 Prepare the QC reference sample by adding 10 ul of the QC 
reference sample concentrate (Step 8.5.1 or 8.6.2) to 5 ml of reagent 
water. The QC reference sample needs only to contain the analytes that 
failed criteria in the test in Step 8.6. 

8.7.2 Analyze the QC reference sample to determine the concentration 
measured (A) of each analyte. Calculate each precent recovery (Ps) as 100 
(A/T)%, where Tis the true value of the standard concentration. 

8. 7 .3 Compare the percent recovery (Ps) for each analyte with the 
corresponding QC acceptance criteria found in Table 6. Only analytes that 
failed the test in Step 8.6 need to be compared with these criteria. If 
the recovery of any such analyte falls outside the designated range, the 
laboratory performance for that analyte is judged to be out of control, 
and the problem must be immediately identified and corrected. The result 
for that analyte in the unspiked sample is suspect and may not be reported 
for regulatory compliance purposes. 

8.8 As part of the QC program for the laboratory, method accuracy for 
each matrix studied must be assessed and records must be maintained. After 
the analysis of five spiked samples (of the same matrix)· as in Section 8.6, 
calculate the average percent recovery (p) and the standard deviation of the 
percent recovery (sp}. Express the accuracy assessment as a percent recovery 
interval from p - 2sp top+ 2sp. If p = 90% and Sp= 10%, for example, the 
accuracy interval is expressed as 70-110%. Update tne accuracy assessment for 
each analyte on a regular basis (e.g. after each five to ten new accuracy 
measurements). 

8. 9 To determine acceptable accuracy and prec1s1on 1 imits for surrogate
standards the following procedure should be performed. 

8.9.1 For each sample analyzed, calculate the percent recovery of 
each surrogate in the sample. 

8.9.2 Once a minimum of thirty samples of the same matrix have been 
analyzed, cal cul ate the average percent recovery (p) and standard 
deviation of the percent recovery (s) for each of the surrogates. 

8.9.3 For a g'iven matrix, calculate the upper and lower control 
limit for method performance for each surrogate standard. This should be 
done as follows: 

Upper Control Limit (UCL)= p + 3s 
Lower Control Limit {LCL) • p - 3s 

8. 9A For aqueous and soil matrices, these 1 aboratory established 
surrogate control 1 imits should, if applicable, be compared with the 
control limits listed in Table 8. The limits given in Table 8 are multi
laboratory performance based limits for soil and aqueous samples, and 
therefore, the single-laboratory limits established in Step 8.9.3 must 
fall within those given in Table 8 for these matrices. 
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8.9.5 If recovery is not within limits, the following procedures are 
required. 

Check to be ·sure there are no errors in cal cul at i ans, 
surrogate solutions and internal standards. Also, check 
instrument performance. 

Recalculate the data and/or reanalyze the extract if any of 
the above checks reveal a problem. 

Reextract and reanalyze the sample if none of the above are a 
problem or flag the data as uestimated concentration.u 

8.9.6 At a minimum, each laboratory should update surrogate recovery 
limits on a matrix-by-matrix basis, annually. 

8.10 It is recommended that the laboratory adopt additional quality 
assurance practices for use with this method. The specific practices that are 
most productive depend upon the needs of the laboratory and the nature of the 
samples. Field duplicates may be analyzed to assess the precision of the 
environmental measurements. When doubt exists over the identification of a 
peak on the chromatogram, confirmatory techniques such as gas chromatography
with a dissimilar column or a different ionization mode using a mass 
spectrometer must be used. Whenever possible, the laboratory should analyze
standard reference materi a 1 s and participate in relevant performance
evaluation studies. 

9.0 METHOD PERFORMANCE 

9.1 The method detection limit (MDL) is defined as the minimum 
concentration of a substance that can be measured and reported with 99% 
confidence that the value is above zero. The MDL concentrations 1 i sted in 
Table 1 were obtained using reagent water. Similar results were achieved 
using representative wastewaters. The MDL actually achieved in a given
analysis will vary depending on instrument sensitivity and matrix effects. 

9.2 This method was tested by 15 laboratories using reagent water, 
drinking water, surface water, and industrial wastewaters spiked at six 
concentrations over the range 5-600 ug/L. Single operator precision, overall 
precision, and method accuracy were found to be directly related to the 
concentration of the analyte and essentially independent of the sample matrix. 
Linear equations to describe these relationships are presented in Table 7. 
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TABLE 1. 
RETENTION TIMES AND CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS 

Retention 
Compound Time (minutes) Primary Ion Secondary lon(s) 

Ethylene oxide 
Chloromethane 
Dichlorodifluoromethane 
Bromomethane 
Vinyl chloride 
Acetonitrile 
Chloroethane 
Methyl iodide 
Methylene chloride 
Carbon disulfide 
Trichlorofluoromethane 
Propionitrile 
Allyl chloride 
1,1-Dichloroethene 
Bromochloromethane (l.S.)
Allyl alcohol 
trans~l,2-Dichloroethene 
1,2-Dichloroethane 
Propargyl alcohol 
Chloroform 
l,2-Dichloroethane-d4(surr)
2-Butanone 
Methacrylonitrile 
Dibromomethane 
2-Chloroethanol 
b-Propiolactone 
Epichlorohydrin 
1,1,1-Trichloroethane 
Carbon tetrachloride 
1,4-Dioxane 
Isobutyl alcohol 
Bromodichloromethane 
Chloroprene 
1,2:3,4-Diepoxybutane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Bromoacetone 
Trichloroethene 
Benzene 
trans-1,3-Dichloropropene
1,1,2-Trichloroethane 
3-Chloropropionitrile 
1,2-Dibromoethane 
Pyridine 

( 

1.30 
2.30 
2.47 
3.10 
3.80 
3.97 
4.60 
5.37 
6.40 
7.47 
8.30 
8.53 
8.83 
9.00 
9.30 
9.77 

10.00 
10.10 
10.77 
11.40 
12.10 
12.20 
12.37 
12.53 
12.93 
13.00 
13.10 
13.40 
13.70 
13.70 
13.80 
14.30 
14.77 
14.87 
15.70 
15.90 
16.33 
16.50 
17.00 
17.20 
17.20 
17.37 
18.40 
18.57 

44 
50 
85 

. 94 
62 
41 
64 

142 
84 
76 

101 
54 
76 
96 

128 
57 
96 
62 
55 
83 
65 
72 
41 
93 
49 
42 
57 
97 

117 
88 
43 
83 
53 
55 
63 
75 

136 
130 
78 
75 
97 
54 

107 
79 
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44,43,42 
52,49 
85,87,101,103 
96,79 
64,61 
41,40,39 
66,49 
142,127,141 
49,51,86 
76,78,44 
103,66 
54,52,55,40 
76, 41, 39, 78 
61, 98 
49, 130, 51 
57,58,39 
61,98 
64,98 
55,39,38,53 
85,47 
102 
43,72 
41,67,39,52,66 
93,174,95,172,176 
49,44,43,51,80 
42,43,44 
57,49,62,51 
99,117 
119,121 
88,58,43,57 
43,41,42,74 
85,129 
53,88,90,51 
55,57,56 
62,41 
77,39 
43,136,138,93,95 
95,97,132 
52, 71 
77,39 
83,85,99 
54,49,89,91 
107,109,93,188 
79,52,51,50 
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TABLE 1. 
(Continued) 

Retention 
Compound Time (minutes) Primary Ion Secondary Ion(s) 

2-Chloroethyl vinyl ether 18.60. 
2-Hydroxypropionitrile 18.97. 
1,4-Difluorobenzene (I.S.) 19.60 
Malononitrile 19.60 
Methylmethacrylate 19.77 
Bromoform 19 .80 
1,1,1,2-Tetrachloroethane 20.33 
1,3-0ichloro-2-propanol 21.83 
1,1,2,2-Tetrachloroethane 22.10 
Tetrachloroethene 22.20 
1,2,3-Trichloropropane 22.20 
1,4-0ichloro-2-butene 22.73 
n-Propylamine 23.00 
2-Picoline 23.20 
Toluene 23.50 
Ethyl methacrylate 23.53 
Chlorobenzene 24.60 
Pentachloroethanea 24.83 
Ethyl benzene 26.40 
1,2-Dibromo-3-chloropropane 27.23 
4-Bromofluorobenzene (surr.)28.30
Benzyl chloride 29.50 
Styrene 30.83 
Acetone 
Acrolein 
Acryl onitril e 
Chlorobenzene-d5 {I.S.) 
Chlorodibromomethane 
1,1-Dichloroethane 
Ethanol 
2-Hexanone . 
Iodomethane 
4-Methyl-2-pentanone 
Toluene-d8 {surr.)
Vinyl acetate 
Xylene (Total) 

63 65,106 
44 44,43,42,53 

114 63,88 
66 66,39,65,38 
69 69,41,100,39 

173 171,175,252 
131 131,133,117,119,95 
79 79,43,81,49 
83 85,131,133 

164 129,131,166 
75 75, 77,110,112, 97 
75 75,53,77,124,89 
59 59,41,39 
93 93,66,92,78 
92 91,65 
69 69,41,99,86,114 

112 114, 77 
167 167,130,132,165,169 
106 91 
157 157,75,155,77 

95 174,176 
91 91,126,65,128 

104 104,103,78,51,77 
43 58 
56 55,58 
53 52,51 

117 82,119 
129 208,206 
63 65,83 
31 45,27,46 
43 58,57, 100 

142 127,141 
43 58,57,100 
98 70,100 
43 86 

106 91 

a The base peak at m/e 117 was not used due to an interference at that mass 
with a nearly coeluting internal standard, chlorobenzene-d5. 
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TABLE 2.
( PRACTICAL QUATITATION LIMITS (PQL) FOR VOLATILE ORGANlcsa 

Practical 
Quantitation 

limitsb 

Ground water low Soil/Sediment 

Volatiles ug/L ug/kg 

Acetone 
Acetonitril e 
Allyl chloride 
Benzene 
Benzyl chloride 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
2-Chloroethyl vinyl ether( Chloroform 
Chloromethane 
Chloroprene 
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane 
Dibromomethane 
1,4-Dichloro-2-butene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1 Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethyl benzene 
Ethyl methacrylate 
2-Hexanone 
Isobutyl alcohol 
Methacrylonitrile
Methylene chloride 
Methyl iodide 
Methyl methacrylate
4-Methyl-2-pentanone 
Pentachloroethane 

( 

100 
100 

5 
5 

100 
5 
5 

10 
100 
100 

5 
5 
5 

10. 
10 
5 

10 
5 

100 
5 
5 

100 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
100 
100 

5 
5 
5 

50 
10 
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100 
100 

5 
5 

100 
5 
5. 

10 
100 
100 

5 
5 
5 

10 
10 

5 
10 
5 

100 
5 
5 

100 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
100 
100 

5 
5 

50 
50 
10 
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TABLE 2. 
(Continued) 

Practical 
Quantitation 

Limitsb 

Ground water Low Soil/Sediment 

Volatiles ug/L ug/kg 

Propi oni tril e 
Styrene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
1,2,3-Trichloropropane
Vinyl acetate 
Vinyl chloride 
Xylene (Total) 

100 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
10 
5 

100 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
10 
5 

asample PQLs are highly matrix-dependent. The PQLs listed herein are provided
for guidance and may not always be achieveable. See the following information 
for further guidance on matrix-dependent PQLs. 

bpQLs listed for soil/sediment are based on wet weight. Normally data is 
reported on a dry weight basis; therefore, PQLs will be higher, based on the 
percent moisture in each sample. 

Other Matrices: Factorl 

Water miscible liquid waste 50 
High-level soil &sludges 125 
Non-water miscible waste 500 

lPQL = [PQL for ground water (Table 2)] X [Factor]. For non-aqueous
samples, the factor is on a wet-weight basis. 
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TABLE 3. 
BFB KEY ION ABUNDANCE CRITERIA 

Mass Ion Abundance Criteria 

so 15 to 40% of mass 95 
75 30 to 60% of mass 95 
95 base peak, 100% relative abundance 
96 5 to 9% of mass 95 

173 less than 2% of mass 174 
174 greater than ·so% of mass 95 
175 5 to 9% of mass 174 
176 greater than 95% but less than 101% of mass 174 
177 5 to 9% of mass 176 

( 
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TABLE 4. 
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS 

OF MEDIUM-LEVEL SOILS/SEDIMENTS 

Approximate Volume of 
Concentration Range Methanol Extracta 

500- 10,000 ug/kg 100 ul 
1,000- 20,000 ug/kg 50 ul 
5,000-100,000 ug/kg 10 ul 

25,000-500,000 ug/kg 100 ul of 1/50 dilutionb 

Calculate appropriate dilution factor for concentrations exceeding this 
table. 

arhe volume of methanol added to 5 ml of water being purged should be kept 
constant. Therefore, add to the 5-ml syringe whatever volume of methanol 
is necessary to maintain a volume of 100 ul added to the syringe. 

bDilute and aliquot of the methanol extract and then take 100 ul for 
analysis. 
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TABLE 5. 
VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES ASSIGNED 

FOR QUANTITATION 

Bromochloromethane 

Acetone 
Acrolein 
Acrylonitrile
Bromomethane 
Carbon disulfide 
Chloroethane 
Chloroform 
Chloromethane 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
l,2-Dichloroethane-d4 (surrogate)
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
lodomethane 
Methylene chloride 
Trichlorofluoromethane 
Vinyl chl_oride 

( 

1,4-Difluorobenzene 

Benzene 
Bromodichloromethane 
Bromoform 
2-Butanone 
Carbon tetrachloride 
Chlorodibromomethane 
2-Chloroethyl vinyl ether 
Dibromomethane 
1,4-Dichloro-2-butene 
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl acetate 

Chlorobenzene-d5 

Bromofluorobenzene (surrogate)
Chlorobenzene 
Ethyl benzene 
Ethyl methacrylate
2-Hexanone 
4-Methyl-2-pentanone
Styrene · 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
Toluene-de (surrogate)
1,2;3-Trichloropropane
Xylene 

( 
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TABLE 6. 
CALIBRATION AND QC ACCEPTANCE CRITERIAa 

Range limit Range Range 
for Q for s for X P,Ps

Parameter (ug/L) (ug/L) (ug/L) (%) 

Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibromochloromethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-0ichlorobenzene 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene 
Ethyl benzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 

12.8-27.2 
13.1-26.9 
14.2-25.8 
2.8-37.2 

14.6-25.4 
13.2-26.8 

D-44.8 
13.5-26.5 

D-40.8 
13.5-26.5 
12.6-27.4 
14.6-25.4 
12.6-27.4 
14.5-25.5 
13.6-26.4 
10.1-29.9 
13.9-26.1 
6.8-33.2 
4.8-35.2 

10.0-30.0 
11.8-28.2 
12.1-27.9 
12.1-27.9 
14.7-25.3 
14.9-25.1 
15.0-25.0 
14.2-25.8 
13.3-26.7 
9.6-30.4 
0.8-39.2 

6.9 
6.4 
5.4 

17 .9 
5.2 
6.3 

25.9 
6.1 

19.8 
6.1 
7.1 
5.5 
7.1 
5.1 
6.0 
9.1 
5.7 

13.8 
15.8 
10.4 
7.5 
7.4 
7.4 
5.0 
4.8 
4.6 
5.5 
6.6 

10.0 
20.0 

15.2-26.0 
10.1-28.0 
11.4-31. l 

D-41. 2 
17.2-23.5 
16.4-27.4 

D-50.4 
13.7-24.2 

D-45.9 
13.8-26.6 
11.8-34.7 
17.0-28.8 
11.8-34.7 
14.2-28.4 
14.3-27.4 
3.7-42.3 

13.6-28.4 
3.8-36.2 
1.0-39.0 
7.6-32.4 

17.4-26.7 
D-41.0 

13.5-27.2 
17.0-26.6 
16.6-26.7 
13.7-30.1 
14.3-27.1 
18.5-27.6 
8.9-31.5 

D-43.5 

37-151 
35-155 
45-169 
D-242 

70-140 
37-160 
D-305 

51-138 
D-273 

53-149 
18-190 
59-156 
18-190 
59-155 
49-155 

D-234 
54-156 

D-210 
D-227 

17-183 
37-162 

D-221 
46-157 
64-148 
47-150 
52-162 
52-150 
71-157 
17-181 
D-251 

Q = Concentration measured in QC check sample, in ug/L. 
s = Standard deviation of four recovery measurements, in ug/L. 
x = Average recovery for four recovery measurements, in ug/l. 
p, Ps = Percent recovery measured. 
D = Detected; result must be greater than zero. 

acriteria from 40 CFR Part 136 for Method 624 and were calculated assuming 
a QC check sample concentration of 20 ug/L. These criteria are based 
directly upon the method performance data in Table 7. Where necessary,
the limits for recovery have been broadened to assure applicability of the 
limits to concentrations below those used to develop Table 7. 
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TABLE 7. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Accuracy, as Single analyst Overall 
recovery, x' precision, sr' precision, 

Parameter (ug/L} (ug/L} S' (ug/l) 

Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ethera 
Chloroform 
Chloromethane 
Dibromochloromethane 
1,2-0ichlorobenzeneb 
1,3-0ichlorobenzene 
1,4-Dichlorobenzeneb 
1,1-0ichloroethane 
1,2-0ichloroethane 
1,1-Dichloroethene 
trans-1,2,-Dichloroethene 
1,2-Dichloropropanea
cis-1,3-0ichloropropenea 
trans-1,3-Dichloropropenea 
Ethyl benzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 

· Trichlorofluoromethane 
Vinyl chloride 

0.93C+2.00 
1.03C-l.58 
1.18C-2. 35 
l.OOC 
1. lOC-1.68 
0.98C+2.28 
l.18C+O.~l 
l.OOC 
0.93C+0.33 
1.03C-l.81 
l.OlC-0.03 
0.94C+4.47 
1.06C+l.68 
0.94C+4.47 
1.05C+0.36 
1.02C+0.45 
l.12C+0.61 
1.0SC+0.03 
l.OOC 
1.00C 
1.00C 
0.98C+2.48 
0.87C+l.88 
0.93C+l.76 
1.06C+0.60 
0.98C+2.03 
l.06C+0.73 
0.95C+l.71 
l.04C+2.27 
0.99C+0.39 
l .OOC 

0.26x-l.74 0.25x-l.33 
0.15x+0.59 0.20x+l.13 
0.12x+0.34 0.17x+l.38 
0.43x 0.58x 
0.12x+0.25 O.llx+0.37 
0.16x-0.09 0.26x-l.92 
0.14x+2.78 0.29x+l.75 
0.62x 0.84x 
0.16x+0.22 0.18x+0.16 
0.37x+2.14 0.58x+0.43 
0.17x-0.18 0.17x+0.49 
0.22x-l.45 0.30x-l.20 
0.14x-0.48 O.lSx-0.82 
0.22x-l.45 0.30x-l.20 
0.13x-0.05 O.l6x+0.47 
0.17x-0.32 0.2lx-0.38 
0.17x+l.06 0.43x-0.22 
0.14x+0.09 0.19x+0.17 
0.33x 0.45x 
0.38x 0.52x 
0.25x 0.34x 
0.14x+l.OO 0.26x-1.72 
O.lSx+l.07 0.32x+4.00 
0.16x+0.69 0.20x+0.41 
0.13x-0.18 0.16x-0.45 
O.ISx-0.71 0.22x-l.71 
0.12x-0.15. 0.2lx-0.39 
0.14x+0.02 0.18x+O.OO 
0.13x+0.36 0.12x+0.59 
0.33x-l.48 0.34x-0.39 
0.48x 0.65x 

x' = Expected recovery for one or more measurements of a sample containing a 
concentration of C, in ug/l. 
sr' -= Expected single analyst standard deviation of measurements at an 
average concentration of x, in ug/L. 
S' = Expected interlaboratory standard deviation of measurements at an 
average concentration found of x, in ug/l. 
C = True value for the concentration, in ug/l. 
x -= Average recovery found for measurements of samples containing a 
concentration of C, in ug/l. 
aEstimates based upon the performance in a single laboratory. 
boue to chromatographic resolution problems, performance statements for 
these isomers are based upon the sums of their concentrations. 
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TABLE 8. 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES 

Low/Medium Low/Medium 
Surrogate Compound Water Soil/Sediment 

4-Bromofluorobenzene 86-115 74-121 
l,2-Dichloroethane-d4 
Toluene-de 

76-114 
88-110 

70-121 
81-117 
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FIGURE 1. 
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FIGURE 2. 
TRAP PACKINGS AND CONSTRUCTION TO INCLUDE 

DESORB CAPABILITY FOR METHOD 8240 
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FIGURE 3. 
SCHEMATIC OF PURGE-AND-TRAP DEVICE - PURGE MODE FOR METHOD 8240 
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FIGURE 4. 
SCHEMATIC OF PURGE-AND-TRAP DEVICE - DESORB MODE FOR METHOD 8240 
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FIGURE 5. 
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METHOD 8240 
GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE ORGANICS 
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METHOD 8240 
(continued) 
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Consumer500 TEST METHODS Products 

506 DEMONSTRATION METHOD 

"Testing to determine compliance with the requirements of this article may also 
be demonstrated through calculation of the volatile organic compound content 
from records of the amounts of constituents used to make the product. Compli
ance determination based on these records may not be used unless the manufac
turer of a consumer product keeps accurate records for each day of production of 
the amount and chemical composition of the individual product constituents. 
These records must be kept for at least three years." California Code of Regula
tions sections 94506 (b) and 94515 (b). 

During inspection, for example, an inspector may ask to see production records 
pertaining to particular product samples obtained from a retailer's shelf. Consid
erations could then be given to the composition of the raw materials, biproducts, 
and wastes to assess the resulting VOC content of that final product. 

( 
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