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Appendi x C to 40 CFR Part 63--Determ nation of the
Fracti on Bi odegraded (F,, in a Biological Treatnent Unit

AGENCY: Environnmental Protection Agency (EPA).
ACTI ON:  Proposed rule; anmendnents.
SUMMARY: This action proposes anmendnments to appendi x C

to 40 CFR part 63. Appendi x C defines the procedures for
an owner or operator of a facility that generates

wast ewater to calculate the site-specific fraction of
organi ¢ conpounds bi odegraded (F,, in a biological
treatnment unit. The proposed anmendnents to Appendix C
woul d add a non-speciated test procedure to the batch
test procedures for use in denonstrating conpliance with
wastewater rules that regul ate volatile organi c conpounds
(VOC), such as the synthetic organic chem cal

manuf acturing i ndustry (SOCM ) WAstewater new source
performance standards (NSPS). The proposed anendnents
woul d al so make m nor editorial changes throughout
appendi x C.

DATES: Comment s. Comments nust be received on or before



2

[ | NSERT THE DATE 60 DAYS AFTER PUBLI CATI ON OF THE
PROPOSED RULE I N THE FEDERAL REG STER] .

Public Hearing. |[If anyone contacts EPA requesting to

speak at a public hearing by [INSERT THE DATE 20 DAYS
AFTER PUBLI CATI ON OF THE PROPOSED RULE | N THE FEDERAL

REGQ STER], a public hearing will be held on [INSERT THE
DATE 30 DAYS AFTER PUBLI CATI ON OF THE PROPOSED RULE I N
THE FEDERAL REGI STER]. Persons interested in presenting
oral testinmony or inquiring as to whether a hearing is to
be held should contact JoLynn Collins, Waste and Chem cal
Processes Group, Em ssions Standards Division (C439-03),
U.S. EPA, Research Triangle Park, NC 27711, tel ephone
(919) 541-5671 at |east 2 days in advance of the public
heari ng.

ADDRESSES: Comments. Submit your comments, identified
by Docket 1D No. OAR-2003-0191, by one of the follow ng
met hods to the docket. |[If possible, also send a copy of
your coments to Mary Tom Kissell by either mail or e-
mail as identified in the FOR FURTHER | NFORMATI ON CONTACT
section.

1. Federal eRul emaki ng Portal:

http://ww. requl ati ons. gov. Fol l ow t he on-Ili ne

instructions for submtting comments.
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2. Agency Website: http://ww.epa.gov/edocket.

EDOCKET, EPA s el ectronic public docket and comrent
system is EPA's preferred nethod for receiving
comments. Follow the on-line instructions for
submtting coments.

3. Mail: Air Docket, Environmental Protection Agency,
Mai | code: 6102T, 1200 Pennsyl vania Ave., NW,
Washi ngton, DC 20460. In addition, please mail a
copy of your coments on the information collection
provisions to the Ofice of Information and
Regul atory Affairs, O fice of Managenent and Budget
(OWB), Attn: Desk Oficer for EPA, 725 17th St. NW,
Washi ngton, DC 20503.

4. Hand Delivery: Air Docket, Room B-102,
Envi ronment al Protection Agency, 1301 Consittution
Avenue, NW Washi ngton, DC 20460. Such deliveries
are only accepted during the Docket’s normal hours
of operation, and special arrangements shoul d be

made for deliveries of boxed information.

I nstructions. Direct your comrents to Docket 1D No. OAR-
2003-0191. The EPA' s policy is that all comrents
received will be included in the public docket wthout

change and may be made avail abl e online at
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http://ww. epa. gov/ edocket, including any personal

i nformation provided, unless the coment includes
information claimed to be Confidential Business

| nformation (CBI) or other information whose disclosure
is restricted by statute. Do not submt information that
you consider to be CBI or otherw se protected through
EDOCKET, regul ations.gov, or e-mail. The EPA EDOCKET and
t he Federal regul ations.gov websites are “anonynous
access” systens, which means EPA will not know your
identity or contact information unless you provide it in
t he body of your coment. |If you send an e-nmail commment
directly to EPA wi thout going through EDOCKET or
regul ati ons. gov, your e-mail address will be
automatically captured and included as part of the
comment that is placed in the public docket and made
avai l able on the Internet. |If you submt an electronic
comment, EPA recomends that you include your nane and

ot her contact information in the body of your coment and
with any disk or CD-ROM you submt. |If EPA cannot read
your comrent due to technical difficulties and cannot
contact you for clarification, EPA may not be able to
consi der your comment. Electronic files should avoid the

use of special characters, any form of encryption, and be



5
free of any defects or viruses.
Docket. All docunents in the docket are listed in the

EDOCKET index at http://ww. epa. gov/edocket. Although

listed in the index, sone information is not publicly
available, i.e., CBlI or other information whose

di sclosure is restricted by statute. Certain other
material, such as copyrighted material, is not placed on
the Internet and will be publicly available only in hard
copy form Publicly avail abl e docket materials are
avai l abl e either electronically in EDOCKET or in hard
copy at the Air and Radi ati on Docket, EPA/ DC, EPA West,
Room B102, 1301 Constitution Ave., NW Washi ngton, DC.
This docket facility is open from8:30 a.m to 4:30 p.m,
Monday t hrough Friday, excluding | egal holidays. The Air
and Radi ati on Docket tel ephone nunmber is (202) 566-1742.
The Public Reading Roomis open from8:30 a.m to 4:30
p.m, Mnday through Friday, excluding |egal holidays.

The tel ephone number for the Public Reading Roomis (202)

566-1744.
Public Hearing. |If tinmely requests to speak at a public
hearing are received, a public hearing will be held at

the EPA Office of Adm nistration Auditorium Research

Triangl e Park, North Carolina.
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Persons interested in attendi ng the public hearing
must call JoLynn Collins to verify the tine, date, and
| ocation of the hearing. The public hearing wll provide
interested parties the opportunity to present data,
vi ews, or argunents concerning these proposed anendnents.
FOR FURTHER | NFORMATI ON CONTACT: Mary Tom Ki ssel |
O fice of Air and Radi ation, Em ssion Standards Division
(C439-03), U. S. EPA, Research Triangle Park, North
Carolina 27711, tel ephone nunber (919) 541-4516, fax
nunber (919) 685-3219, e-mail: kissell.nmary@pa. gov.
SUPPLEMENTARY | NFORMATI ON:

Requl ated Entities. The proposed amendnents could

possi bly apply to a | arge nunber of industries that could
be using the provisions of 40 CFR part 63, appendix C, to
denonstrate conpliance with an air standard. Therefore,
we have not |isted specific affected industries or their
North Anmerican Industrial Classification System (NAICS)
codes here. |If you have any questions regarding the
applicability of this action to a particular entity,
consult the person listed in the preceding FOR FURTHER

| NFORMATI ON CONTACT secti on.

Qutline. The information presented in the preanble is

organi zed as foll ows:



Backgr ound

Summary of the Proposed Amendnents
. Statutory and Executive Order Reviews

Executive Order 12866, Regul atory Pl anni ng and Revi ew
Paperwor k Reducti on Act

Regul atory Flexibility Act

Unfunded Mandat es Reform Act

Executive Order 13132, Federalism
. Executive Order 13175, Consultation and Coordination
with Indian Tribal Governnents
G Executive Order 13045, Protection of Children from
Envi ronmental Health & Safety Risks
H.  Executive Order 13211, Actions Concerning Regul ations
that Significantly Affect Energy Supply, Distribution, or
Use
| . National Technol ogy Transfer Advancenment Act

mmoow» """

| . Background

Appendix Cto 40 CFR part 63 provides procedures for
cal culating F,, in a biological treatment system The
appendi x currently contains five procedures for
determ ning F,, bench-top reactors, site-specific
system performance data, inlet and outlet concentration
data, batch tests, and nultiple zone concentration
measurenents. Each of the procedures in appendix C are
conpound-specific (i.e., the individual conpound fraction
bi odegraded (f,, is determned for each identified
conpound and then sumed to obtain an overall F,).
However, in devel opi ng the new source performance
st andards for wastewater sources in the synthetic organic

chem cal manufacturing industry, we realized that Fy,
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determ nati ons on an individual compound basis nmay be
probl ematic for sources denonstrating conpliance for
| arge nunmbers of undefined VOC.

Wast ewat er streans from SOCM processes can contain
hundreds of organi c wastewater conpounds (OWAC). For
t hese wastewater streans, identifying all (or the
predom nant constituents) of the ONMAMC would require
costly analytical testing. To provide for a nore cost-
effective evaluation of wastewater streans with nultiple
OWAC, the proposed amendnents to appendix Cto 40 CFR
part 63 add a procedure for determ ning an overall Fy,
that does not require identification of specific OWAC.
1. Summary of the Proposed Anendnents

The proposed anendnents to appendix C to 40 CFR part
63 add a non-speciated, aerated draft tube reactor test
to the existing batch test procedures described in
section Ill1.D of appendix C. The proposed non-speci at ed
test procedure uses the sane approach as the aerated
reactor test, but also includes procedures that are
related to eval uating individual conponents in a
wast ewat er stream w t hout having to identify these
conponents or nake separate measurenents of the

characteristics of the conponents.
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The proposed test procedure relies on establishing
correl ati ons between peak areas of unidentified conpounds
resulting fromgas chromatography (GC) analysis with the
measured concentrations of the unidentified conpounds in
the draft tube headspace. Automated gas sanpling or
solid phase m croextraction (SPME) fibers are used to
coll ect sanples of the gas in the headspace of the draft
tube over the time period of the test. Conpounds in the
gas sanpl es are neasured using a gas chromat ography/fl anme
i oni zati on detector (GC/ FID).

The change in each VOC concentration in the
headspace of the draft tube is related to the decrease in
agueous phase concentration of each VOC over tinme. This
correlation is used to cal cul ate bi odegradation rates for
each VOC. Also, an overall F,, for the biol ogical
treatment systemis calculated fromthe sum of the
i ndi vi dual organi c conpound concentrations and indivi dual
frio values. Appendix Cto 40 CFR part 63 allows the use
of manual or conputer-assisted nethods to analyze the GC
concentration data.

Today’ s proposed non-speci ated aerated draft tube
reactor test nmethod is an appropriate addition to

appendix Cto 40 CFR part 63 to provide a nobre cost-
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effective option for conpliance denonstrations for
activated sludge biological treatnment units affected by
wast ewater rules regulating VOC. While we consider this
to be a cost-effective option, the non-speciated net hod
al so provides an accurate procedure for denpnstrating
bi odegradati on as opposed to volatilization for an
activated sludge biological unit. Although appropriate
for rules such as the proposed SOCM Wast ewater NSPS t hat
woul d regul ate OWAC, the non-speci ated aerated net hod nay
not be appropriate for other rules. 1In the case of the
proposed SOCM Wastewater NSPS, the regul ated pollutants
woul d be ONMAC whi ch conprise all of the organic conpounds
in the wastewater streans that may volatilize, i.e.,
conpounds with a Henry’'s | aw constant greater than 0.1
at nosphere per nmole fraction. For rules requiring
destructi on of hazardous air pollutants (HAP), other
appendi x C procedures are preferred because they require
identification and quantification of HAP, ensuring the
overall F,, reflects the actual destruction of the HAP
and not the average of all the organi c conpounds present
in the wastewater. Therefore, today’'s proposed non-
speci ated aerated draft tube reactor test nethod may only

be used to conply with rules that regulate VOC, such as
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the SOCM Wast ewat er NSPS.

In addition to the non-speciated aerated draft tube
reactor test, the proposed amendnents al so nmake m nor
revisions to clarify the existing batch test procedures
in section Ill.D of appendix Cto 40 CFR part 63. W are
clarifying that the batch test procedures are headspace
characterization methods. Also, we are clarifying that
the equilibriumverification required by the aerated
reactor test nust be denonstrated for one or nore of the
nost vol atile conpounds to be tested for biodegradation.
I11. Statutory and Executive Order Reviews

A. Executive Order 12866, Requl atory Pl anni ng and Revi ew

Under Executive Order 12866 (58 FR 51735, October 4,
1993), EPA nust detern ne whether the regulatory action
is “significant” and, therefore, subject to review by the
OMB and the requirenents of the Executive Order. The
Executive Order defines “significant regulatory action”
as one that is likely to result in a rule that may:

(1) Have an annual effect on the econonmy of $100
mllion or nore or adversely affect in a material way the
econony, a sector of the econony, productivity,
conpetition, jobs, the environnent, public health or

safety, or State, local, or tribal governnents or
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communi ti es;

(2) <create a serious inconsistency or otherw se
interfere with an action taken or planned by anot her
agency;

(3) materially alter the budgetary inpact of
entitlenents, grants, user fees, or |oan prograns, or the
ri ghts and obligations of recipients thereof; or

(4) raise novel legal or policy issues arising out
of |l egal mandates, the President’s priorities, or the
principles set forth in the Executive Order

We have determ ned that the proposed anendnents are
not a “significant regulatory action” under the terns of
Executive Order 12866 and do not inpose any additional
control requirenments. The proposed amendnents add an
addi tional, potentially |less-costly option for conpliance
denonstration for certain biological treatnment units.
Therefore, the proposed anendnents are not subject to
revi ew by OVB.

B. Paper wor k Reducti on Act

The proposed anendnents to appendix C to 40 CFR part
63 do not inpose or change any information collection
requi renments. Therefore, the requirenments of the

Paperwor k Reduction Act do not apply to the proposed
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amendnent s.

C. Requl atory Flexibility Act

The Regul atory Flexibility Act generally requires an
agency to prepare a regulatory flexibility analysis of
any rule subject to notice and comment rul emaki ng
requi renments under the Adm nistrative Procedure Act or
any other statute unless the agency certifies that the
rule will not have a significant inpact on a substanti al
nunber of small entities. Small entities include small
busi nesses, small governnent organi zations, and snal
governnment jurisdictions.

For purposes of assessing the inpacts of today's
rule on small entities, small entity is defined as: (1) a
smal | business with up to 1,000 enpl oyees; (2) a snal
governnmental jurisdiction that is a governnent of a city,
county, town, school district or special district with a
popul ati on of |ess than 50,000; and (3) a snall
organi zation that is any not-for-profit enterprise which
is independently owned and operated and is not dom nant
inits field.

After considering the econom c inpacts of today’'s
proposed rule on small entities, | certify that this

action wll not have a significant econom c inpact on a
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substantial nunmber of small entities. Today’s proposed
amendnments do not increase the cost of conpliance
because: (1) the proposed anmendnents do not inpose

requi renments i ndependent of the proposed SOCM Wast ewat er
NSPS; (2) we proposed using appendix Cto 40 CFR part 63
to denonstrate conpliance with the proposed SOCM

Wast ewater NSPS in the supplenent to the proposed rul e;
(3) the cost of conpliance denonstrations is accounted
for in the proposed SOCM WAastewater NSPS; and (4) the
procedure we are proposing to add to appendi x C provides
anot her, |ess expensive, alternative to the procedures
currently avail able in appendi x C We continue to be
interested in the potential inpacts of the proposed rule
on small entities and wel cone coments on issues rel ated
to such inpacts.

D. Unf unded Mandat es Ref or m Act

Title I'l of the Unfunded Mandates Reform Act of 1995
(URMA), Public Law 104-4, establishes requirenents for
Federal agencies to assess the effects of their
regul atory actions on State, |ocal, and tribal
governnents and the private sector. Under section 202 of
the UVRA, the EPA generally nust prepare a witten

statenment, including a cost-benefit analysis, for
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proposed and final rules with “Federal nmandates” that may
result in expenditures by State, local, and tri bal
governnents, in the aggregate, or by the private sector
of $100 million or nore in any 1 year. Before
promul gating an EPA rule for which a witten statenent is
needed, section 205 of the UVRA generally requires EPA to
identify and consider a reasonable nunber of regulatory
alternatives and adopt the | east costly, nost
cost-effective, or |east burdensome alternative that
achi eves the objectives of the rule. The provisions of
section 205 do not apply when they are inconsistent with
applicable law. Moreover, section 205 allows EPA to
adopt an alternative other than the | east costly, nost
cost-effective, or |east burdensonme alternative if the
Adm ni strator publishes with the final rule an
expl anation why that alternative was not adopted. Before
EPA establishes any regul atory requirenents that may
significantly or uniquely affect small governnents,
including tribal governnents, it nust have devel oped,
under section 203 of the UMRA, a snmall governnent agency
pl an. The plan nust provide for notifying potentially
affected small governnents, enabling officials of

affected small governnents to have neaningful and tinely
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i nput in the devel opnment of EPA s regul atory proposals
with significant Federal intergovernmental nmandates, and
i nform ng, educating, and advising small governnments on
conpliance with the regul atory requirenents.

The EPA has determ ned that the proposed anmendnents
do not contain a Federal nmandate that may result in
expenditures of $100 mllion or nmore for State, |ocal,
and tribal governnments, in the aggregate, or the private
sector in any 1 year. Thus, the proposed anendnents are
not subject to the requirenments of section 202 and 205 of
the UMRA. In addition, EPA has determ ned that the
proposed anmendnments do not contain regulatory
requi rements that mght significantly or uniquely affect
smal | governments because the proposed anendnents do not
I npose any additional regulatory requirenents.

Therefore, the proposed anendnments are not subject to the
requi renents of section 203 of the UMRA.

E. Executive Order 13132, Federalism

Executive Order 13132 (64 FR 43255, August 10, 1999)
requi res EPA to devel op an account abl e process to ensure
“meani ngful and tinmely input by State and | ocal officials
in the devel opment of regulatory policies that have

federalisminplications.” “Policies that have federalism
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inplications” is defined in the Executive Order to
i nclude regul ati ons that have “substantial direct effects
on the States, on the relationship between the national
governnment and the States, or on the distribution of
power and responsibilities anong the various |evels of
gover nnent .”

The proposed anendnents do not have federalism
i nplications. The proposed anendnents will not have
substantial direct effects on the States, on the
rel ati onshi p between the national governnent and the
States, or on the distribution of power and
responsi bilities anong the various |evels of governnent,
as specified in Executive Order 13132. The proposed
amendnments will not inpose substantial direct conpliance
costs on State or |ocal governnents, and they w |l not
preenpt State |law. Thus, Executive Order 13132 does not
apply to the proposed anendnents.

F. Executive Order 13175, Consultation and Coordi nation

with I ndian Tribal Governnents

Executive Order 13175 (65 FR 67249, Novenber 9,
2000) requires EPA to devel op an accountable process to
ensure “nmeani ngful and tinely input by tribal officials

in the devel opnent of regulatory policies that have
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tribal inplications.”

The proposed anendnents do not have tri bal
inplications and will not have substantial direct effects
on tribal governnments, on the relationship between the
Federal governnment and Indian tribes, or on the
di stribution of power and responsibilities between the
Federal governnment and Indian tribes. Thus, Executive
Order 13175 does not apply to the proposed anmendnents.

G Executive Order 13045, Protection of Children from

Envi ronnental Health & Safety Ri sks

Executive Order 13045 (62 FR 19885, April 23, 1997)
applies to any rule that (1) is determ ned to be
“econom cally significant” as defined under Executive
Order 12866, and (2) concerns an environnmental health or
safety risk that EPA has reason to believe may have a
di sproportionate effect on children. |If the regulatory
action nmeets both criteria, the EPA nust eval uate the
envi ronnental health or safety effects of the planned
rule on children, and explain why the planned regul ation
is preferable to other potentially effective and
reasonably feasible alternatives considered by EPA.

The EPA interprets Executive Order 13045 as applying

only to those regul atory actions that are based on health
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or safety risks, such that the analysis required under
section 5-501 of the Executive Order has the potential to
influence the rule. The proposed anendnents are not
subj ect to Executive Order 13045 because they are based
on technol ogy performance and not on health and safety
ri sks. Also, the proposed anendnents are not
“econom cally significant.”

H. Executive Order 13211, Actions Concerni ng Requl ati ons

that Significantly Affect Energy Supply, Distribution, or

Use

The proposed anendnents are not subject to Executive
Order 13211 (66 FR 28355, May 22, 2001) because they are
not a significant regulatory action under Executive Order
12866 and because they will not have an adverse effect on
t he supply, distribution, or use of energy.

| . Nat i onal Technol ogy Transfer Advancenent Act

Section 12(d) of the National Technol ogy Transfer
and Advancement Act (NTTAA) of 1995, (Public Law 104-113;
15 U.S.C. 272 note) directs EPA to use voluntary
consensus standards in their regulatory and procurenent
activities unless to do so would be inconsistent with
applicable | aw or otherwi se inpractical. Voluntary

consensus standards are technical standards (e.g.,
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mat eri al specifications, test nmethods, sanpling
procedures, business practices) devel oped or adopted by
one or nore voluntary consensus bodies. The NTTAA
directs EPA to provide Congress, through annual reports
to OVB, with explanations when an agency does not use
avai |l abl e and applicable voluntary consensus standards.
The proposed anendnents include technical standards

and requirenments for taking neasurenents. Consistent
with the NTTAA, we conducted searches for applicable
vol untary consensus standards that could be used in
addition to the nmethod proposed in this action by
searching the National Standards System Institute (NSSN)
dat abase. We searched for nmethods and tests required by
t he proposed anmendnents, all of which are nethods or
tests previously pronulgated. No potentially equival ent
met hods for the methods and tests in the proposal were
found in the NSSN dat abase search. Therefore, we do not
propose to use any voluntary consensus standards. The
search and review results are docunented in
Dockets No. OAR-2003-0191 and A-94-32.

Li st of Subjects in 40 CFR Part 63

Envi ronment al protection, Admnistrative practice
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and procedure, Air pollution control, Hazardous

subst ances, Intergovernnmental relations, Reporting and

recordkeepi ng requirenents.

Dat ed:

M chael O. Leavitt,
Admi ni strat or
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For reasons cited in the preanble, title 40, chapter I,
part 63 of the Code of Federal Regul ations is anmended as
fol | ows:
PART 63- - [ AVENDED]

1. The authority citation for part 63 continues to
read as foll ows:

Aut hority: 42 U . S.C. 7401 et seq.
Appendix C to Part 63—--Determ nation of the Fraction
Bi odegraded (F,, in a Biological Treatnent Unit

2. Appendix Cis anended by revising Section II
Procedures for Determ nation of F,, introductory text to
read as foll ows:

I[11. Procedures for Determ nation of F,

* * %

Procedure 4 explains three types of batch tests which may
be used to estimate the first order biodegradation rate
constant. * * *
ok ok % %

3. Appendix Cis anended by revising section IIl.D
to read as follows:

D. Batch Tests (Procedure 4)

Three types of batch tests which may be used to

determ ne kinetic paraneters are: (1) the aerated
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reactor test, (2) the sealed reactor test, and (3) the
non-speci ated aerated draft tube reactor test. The non-
speci ated aerated draft reactor test is appropriate for
conpliance denonstrations with rules that regul ate
vol atil e organic conmpounds (VOC). \Where there is a
l[imted specific list of HAP compounds of concern one of
the other batch tests or procedures is preferable. The
aerated reactor test is also known as the BOX test (batch
test with oxygen addition). The sealed reactor test is
al so known as the serum bottle test. These batch tests
shoul d be conducted only by persons famliar with
procedures for determ ni ng bi odegradati on kinetics.
Det ai | ed di scussi ons of batch procedures for determ ning
bi odegradati on kinetic paranmeters can be found in
references 1 - 4. A detailed discussion of the non-
speci ated aerated draft tube reactor test can be found in
reference 9.

For the batch test approaches, a bionmass sanple from
the activated sludge unit of interest is collected,
aerated, and stored for no nore than 4 hours prior to
testing. To collect sufficient data when bi odegradati on
is rapid, it my be necessary to dilute the biomass

sanple. |If the sanple is to be diluted, the biomass
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sanpl e shall be diluted using treated effluent fromthe
activated sludge unit of interest to a concentration such
that the biodegradation test will last |ong enough to
make at | east six concentration nmeasurements. It is
recommended that the tests not be terminated until the
conmpound concentration falls below the imt of
gquantitation (LOQ . Measurenents that are below the LOQ
shoul d not be used in the data analysis. Bionass
concentrations shall be determ ned using standard net hods
for nmeasurenent of m xed liquor volatile suspended solids
(MLVSS) (reference 5).

The change in concentration of a test conmpound nay
be nmonitored by either neasuring the concentration in the
liquid or in the reactor headspace. The anal ytical
techni que chosen for the test should be as sensitive as
possi ble. For the batch test procedures using headspace
characterization described in this section, equilibrium
condi ti ons nust exist between the |liquid and gas phases
of the experinents because the data anal ysis procedures
are based on this prem se. To use the headspace sanpling
approach, the reactor headspace nust be in equilibrium
with the liquid so that the headspace concentrations can

be correlated with the liquid concentrations. Before the
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bi odegradation testing is conducted using headspace
anal ysis, the equilibriumassunption nust be verified. A
di scussion of the equilibriumassunption verification is
gi ven below in sections D.1 and D.2 since different
approaches are required for the two types of batch tests.

To deterni ne bi odegradation kinetic paraneters in a
batch test, it is inmportant to choose an appropriate
initial substrate (conpound(s) of interest) concentration
for the test. The outconme of the batch experinment may be
influenced by the initial substrate (S,) to biomass (X,)
ratio (see references 3, 4, and 6). This ratio is
typically nmeasured in chem cal oxygen demand (COD) units.
When the S,/ X, ratio is low, cell multiplication and
growth in the batch test is negligible and the kinetics
measured by the test are representative of the kinetics
in the activated sludge unit of interest. The S/ X, ratio

for a batch test is determined with the follow ng

equati on:
So  _ S
Xo T Tazx (Egqn. App. C1)
wher e:
S/ X, = initial substrate to bionmass ratio on a COD

basi s
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S = initial substrate concentration in COD
units (g COD/'liter)

X = bi omass concentration in the batch test
(g MLVSS/liter)

1.42 = Conversion factor to convert to COD units

For the batch tests described in this section, the
S,/ X, ratio (on a COD basis) nust be initially I ess than
0. 5.

1. Aerated Reactor Test. An aerated draft tube

reactor may be used for the biokinetics testing (as an
exanpl e see Figure 2 of appendix C. O her aerated
reactor configurations may al so be used. Air is bubbled
t hrough a porous frit at a rate sufficient to aerate and
keep the reactor uniformy m xed. Aeration rates
typically vary from50 to 200 mlliter per mnute
(mM/mn) for a1 liter system A mass flowrate
controller is used to carefully control the air flow rate
because it is inportant to have an accurate neasure of
this rate. The dissolved oxygen (DO) concentration in
the system nmust not fall below 2 mlligram per liter
(nrg/liter) so that the biodegradati on observed will not
be DO-limted. Once the air flowrate is established,
the test m xture (or compound) of interest is then
injected into the reactor and the concentration of the

conpound(s) is nonitored over time. Concentrations nay
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be nonitored in the liquid or in the headspace. A
m ni mum of six sanples shall be taken over the period of
the test. However, it is recommended to collect sanples
until the conmpound concentration falls below the LOQ If
liquid sanples are collected, they nust be small enough
such that the liquid volune in the batch reactor does not
change by nore than 10 percent.

Bef ore conducting experinments with biomass, it is
necessary to verify the equilibrium assunption using one
or nore of the nore volatile conmponents fromthe |ist of
vol atil e conmponents that will be tested. A denobnstration
of equilibriumwith the nost volatile conponents that
will be tested is expected to assure that equilibriumis
al so achieved with the Iess volatile conponents. The
nunber of volatile conmponents needed to denonstrate
equi I i bri um depends on experinental uncertainty,
literature nmeasurenent uncertainty, and the availability
of previous denonstrations of equilibriumusing simlar
equi pnent. If the nost volatile conponent(s) that wll
be tested have a Henry’'s constant of less than 0.1 (y/Xx),
then a denonstration of equilibriumw th those conmponents
is not required if a previous denonstration of

equilibriumis available using simlar equipnent. The
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equi l i brium assunption can be verified by conducting a
stripping experinment using the effluent (no biomass) from
the activated sludge unit of interest. Effluent is
filtered with a 0.45 mcroneter (um or smaller filter
and placed in the draft tube reactor. Air is sparged
into the system and the conpound concentration in the
liquid or headspace is nonitored over tine. This test
with no biomass will provide an estimte of the Henry's
| aw constant. |If the systemis at equilibrium the

Henry's | aw constant nay be estimated with the foll ow ng

equati on:
- In(CG)=(CKeg/ V) (Egn. App. C-2)

wher e:

C = concentration at tinme, t (mn)

G = concentration at t = 0

G = volunetric gas flow rate (m/mn)

\ = liquid volune in the batch reactor (m)

Keg = Henry's | aw constant (ng/L-gas)/(ng/L-

['iquid)
t = time (mn)
A plot of -In(C/C,) as a function of t will have a

sl ope equal to GK,/V. The equilibriumassunption can be
verified by conparing the experinmentally determ ned K,

for the systemto literature values of the Henry's Law
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constant (including those listed in this appendix). |If
Keg does not match the Henry's |aw constant, K., shall be
determ ned from anal ysis of the headspace and |iquid
concentration in a batch system

The concentration of a conpound decreases in the
bi oreactor due to both bi odegradati on and stri pping.
Bi odegr adati on processes are typically described with a
Monod nodel. This nodel and a stripping expression are
conbined to give a nmass bal ance for the aerated draft

t ube reactor:

ds 8é3Keq QX &

- S+ QKS +Sg

(Egn. App. C-3)
dteVg

s
D
-
D

t est compound concentration, ng/liter
volunmetric gas flow rate, liters/hr

Henry's Law constant measured in the system
(mg/liter gas)/(nmg/liter liquid)

volune of liquid in the reactor, liters

bi omass concentration (g M.VSS/liter)
maxi mum rate of substrate renoval, ng/g
MLVSS/ hr

Monod biorate constant at half the maxi num
rate, ng/liter

XA OX< moo
I I n I n

Equation App. C-3 can be integrated to obtain the

foll ow ng equati on:

o= VK 8o CMWV 2A+Bs ¢ g
t = _A_ g_ Iné/—\+|530,2, (Egn. App. C-4)
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wher e:
A = GKKs + QX
B = CKegq .
S, = t est conmpound concentration at t=0

This equation is used along with the substrate
concentration versus time data to determne the best fit
paranmeters (Q, and K;) to describe the biodegradation
process in the aerated reactor. |If the Aerated Reactor
test is used, the followi ng procedure is used to analyze
the data. Evaluate K, for the conpound of interest with
Form XI. The concentration in the vented headspace or
liquid is measured as a function of time and the data is
entered on Form XI. A plot is made fromthe data and
attached to the Form Xl. K, is calculated on Form Xl and
the results are contrasted with the expected val ue of
Henry’s |l aw obtained fromFormIX. If the conparison is
satisfactory, the stripping constant is cal culated from
Keq, conmpleting Form XI. The val ues of K, may differ
because the theoretical value of K,, may not be applicable
to the systemof interest. |If the conparison of the
cal cul ated K, fromthe form and the expected val ue of
Henry’s law is unsatisfactory, Form X can alternatively be
used to validate K. |If the aerated reactor is

denonstrated to not be at equilibrium either nodify the
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reactor design and/or operation, or use another type of
batch test. This equilibriumtesting nust only be
denmonstrated for one or nore of the nost volatile
conmpounds to be tested for biodegradation. Once it is
denmonstrated that the aerated reactor achieves
equi librium then FormIX is used to adjust published or
nmeasured Henry's | aw constants for the other volatile
conmpounds to be tested.

The conpound-specific biorate constants are then
measured using Form XlIl. The stripping constant that was
determ ned from Form XI and a headspace correction factor
of 1 are entered on Form XlII. The aerated reactor biotest
may then be run, neasuring concentrations of each conmpound
of interest as a function of time. |f headspace
concentrations are neasured instead of liquid
concentrations, then the corresponding liquid
concentrations are calcul ated fromthe headspace
measurenments using the K,, determ ned on Form Xl and
entered on Form XI |

The concentration data on Form XIl may contain scatter
t hat can adversely influence the data interpretation. It
Is acceptable to curve fit the concentration data and

enter the concentrations on the fitted curve instead of
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the actual data. |If curve fitting is used, the curve-
fitting procedure nust be based upon the Equation App. C-
4. \When curve fitting is used, it is necessary to attach
a plot of the actual data and the fitted curve to Form
X

If the stripping rate constant is relatively |arge
when conpared to the biorate at | ow concentrations, it may
be difficult to obtain accurate eval uations of the first-
order biorate constant. |In these cases, either reducing
the stripping rate constant by |owering the aeration rate,
or increasing the biomass concentrations shoul d be
consi der ed.
The final result of the batch testing is the measurenent
of a biorate that can be used to estimate the fraction
bi odegraded, f., The nunber transferred to
FormIIll is obtained fromFormXIIl, line 9.

2. Seal ed Reactor Test. This test uses a cl osed

systemto prevent |osses of the test conmpound by
volatilization. This test may be conducted using a serum
bottle or a sealed draft tube reactor (for an exanple see
Figure 3 of appendix C). Since no air is supplied, it is
necessary to ensure that sufficient oxygen is present in

the system The DO concentration in the system nust not
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fall below 2 ng/liter so that the biodegradati on observed
wll not be DO limted. As an alternative, oxygen nay be
supplied by electrolysis as needed to maintain the DO
concentration above 2 ng/liter. The reactor contents nust
be uniformy m xed, by stirring or agitation using a
shaker or simlar apparatus. The test m xture (or
conpound) of interest is injected into the reactor and the
concentration is nonitored over time. A mninmmof siXx
sanpl es shall be taken over the period of the test.
However, it is necessary to nonitor the concentration
until 1t falls below the LOQ

The equilibrium assunption nust be verified for the
batch reactor systemthat depends on headspace
characterization. |In this case, K, may be determ ned by
si mul taneously nmeasuring gas and |iquid phase
concentrations at different times within a given
experiment. The equilibriumtesting nmust only be
denmonstrated for one or nore of the nost volatile
conponent (s) that will be tested. A constant ratio of
gas/liquid concentrations indicates that equilibrium
conditions are present and K, is not a function of
concentration. This ratio is then taken as the K, for the

specific conponent(s) in the test. It is not necessary to
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measure K., for each experinment. |If the ratio is not
constant, the equilibriumassunption is not valid and it
is necessary to (1) increase m xing energy for the system
and retest for the equilibriumassunption, or (2) use a
different type of test that does not depend on headspace
characteri zation (for exanple, a coll apsible vol une
reactor).

The concentration of a conpound decreases in the

bi oreactor due to biodegradati on according to Equation

App. G- 5:
& 3y
d_S:é il H%eqﬂxo sH (Egn. App. C-5)
dt  gVgKeq * ML peeKs *so
wher e:

S = test compound concentration (nmg/liters)

V = t he average liquid volume in the reactor
(liters)

Vq = t he average gas volune in the reactor
(liters)

Q. = maxi num rate of substrate renoval (ng/g
MLVSS/ hr)

Keqg = Henry's Law constant determ ned for the
test, (mg/liter gas)/(mg/liter |iquid)

K, = Monod biorate constant at one-half the
maxi mumrate (nmg/liter)

t = time (hours)

X = bi omass concentration (g M.VSS/liter )

So = test conpound concentration at tine t=0
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Equati on App. C-5 can be solved analytically to give:

(VgKeq "'Vl)(:E s ou
: T g In &0 (Egn. App. C-6
waX 937 Sl *kein g (Ean. App )

This equation is used along with the substrate
concentration versus tinme data to determ ne the best fit
paraneters (Q, and K;) to describe the biodegradation
process in the seal ed reactor.

If the sealed reactor test is used, Form X is used to
det erm ne the headspace correction factor. The
di sappearance of a conpound in the sealed reactor test is
sl owed because a fraction of the conpound is not avail able
for biodegradati on because it is present in the headspace.
If the conpound is alnost entirely in the liquid phase,

t he headspace correction factor is approximtely one. |If
t he headspace correction factor is substantially |ess than
one, inproved mass transfer or reduced headspace may

i nprove the accuracy of the sealed reactor test. A
prelimnary seal ed reactor test nmust be conducted to test
the equilibriumassunption. As the conpound of interest

i s degraded, simnultaneous headspace and |iquid sanples
shoul d be collected and Form X shoul d be used to eval uate

Keq- The ratio of headspace to liquid concentrations nust
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be constant in order to confirmthat equilibrium
conditions exist. If equilibriumconditions are not
present, additional m xing or an alternate reactor
configuration may be required.

The conpound-specific biorate constants are then
cal cul ated using Form XIl. For the sealed reactor test, a
stripping rate constant of zero and the headspace
correction factor that was determ ned from Form X are
entered on Form XIl. The seal ed reactor test nmay then be
run, measuring the concentrations of each conpound of
interest as a function of tine. |If headspace
concentrations are neasured instead of liquid
concentrations, then the corresponding liquid
concentrations are calculated fromthe headspace
measurenments using K, from Form X and entered on Form XI |

The concentration data on Form XIl may contain scatter
t hat can adversely influence the data interpretation. It
Is acceptable to curve fit the concentration data and
enter the concentrations on the fitted curve instead of
the actual data. |If curve fitting is used, the curve-
fitting procedure nust be based upon Equati on App. C-6.
VWhen curve fitting is used, it is necessary to attach a

pl ot of the actual data and the fitted curve to Form Xl |
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If a sealed collapsible reactor is used that has no
headspace, the headspace correction factor will equal 1,
but the stripping rate constant may not equal O due to
di ffusion | osses through the reactor wall. The ratio of
the rate of |loss of conmpound to the concentration of the
conmpound in the reactor (units of per hour) nust be
evaluated. This loss ratio has the sanme units as the
stripping rate constant and nay be entered as the
stripping rate constant on line 1 of Form Xl |

If the loss due to diffusion through the walls of the
col | apsi ble reactor is relatively |arge when conpared to
the biorate at | ow concentrations, it my be difficult to
obtain accurate evaluations of the first-order biorate
constant. |In these cases, either replacing the materials
used to construct the reactor with materials of |ow
perneability or increasing the biomass concentration
shoul d be consi dered.

The final result of the batch testing is the
measurenent of a biorate that can be used to estinmate the
fraction bi odegraded, f.,, The nunber transferred to
FormIll is obtained fromFormXIIl, line 9.

The number on Form XIl line 9 will equal the Monod

first-order biorate constant if the full-scale systemis
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operated in the first-order range. |If the full-scale
systemis operated at concentrations above that of the
Monod first-order range, the value of the nunber on line 9
will be sonmewhat |ower than the Monod first-order biorate
constant. Wth supporting biorate data, the Monod nodel
used in Form XI1 may be used to estinmate the effective
bi orate constant K1 for use in FormllIl.

If a reactor with headspace is used, analysis of the
data using Equation App. C-6 is valid only if V, and V; do
not change nore than 10 percent (i.e., they can be
approxi mated as constant for the duration of the test).
Since bi odegradation is occurring only in the liquid, as
the liquid concentration decreases it is necessary for
mass to transfer fromthe gas to the liquid phase. This
may require vigorous m xing and/or reducing the volunme in
t he headspace of the reactor

If there is no headspace (e.g., a collapsible
reactor), Equation App. C-6 is independent of V, and there
are no restrictions on the liquid volume. |If a menbrane
or bag is used as the coll apsi bl e-volunme reactor, it my
be inportant to nonitor for diffusion |osses in the
system To determne if there are | osses, the bag should

be used wit hout biomass and spiked with the compound(s) of
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interest. The concentration of the conmpound(s) in the
reactor should be nonitored over tinme. The data are
anal yzed as described above for the seal ed reactor test.

3. Non-speci ated aerated draft tube reactor test.

This method is appropriate for conpliance denonstrations
with rules that regulate VOC. The aerated draft tube
reactor test is used for assessing the F,, for non-
speci ated VOC. The nethods and procedures that are used
with the Aerated reactor test (described in section 1
above) are also used with the non-speciated draft tube
test, with the exception of special procedures that are
related to the limted information available for
identifying the waste conponents, the volatility of the
conponents, and the anmount of the conponents that are
present in the waste. The non-speciated test method
descri bed here is based upon eval uating individual
conponents in a waste without the need to identify the
name of the conponent or make separate neasurenents of the

characteristics of the conponents.

3.1 Purpose of the nethod. The follow ng sections

identify specific purposes for which the non-speci at ed
method 1is used. For each purpose identified in sections

3.1.1 through 3.1.6, a correlation between the peak area
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of the compound in the GC anal ysis and the concentration
in the draft tube headspace nmust be avail abl e as di scussed
in section 3.10.

3.1.1 Henrvy's | aw constant for each non-speci ated

organi ¢ _conpound. ©One run of the non-speciated nethod

wi t hout biomass is used to obtain estimtes of the Henry’'s
| aw val ue for each individual organic conmpound identified
in the waste. For each volatile organic conponent,

correl ations of the vapor phase concentration and the
stripping times are developed. A Henry's |law value is
determ ned for each conponent. See section 3.6.

3.1.2 Non-speciated organi c conpound concentrati on.

One run of the non-speciated nethod wi thout biomss is
used to eval uate the individual organic conpound
concentrations in the waste. The anount of each conponent
initially present in the waste is determ ned fromthe
Henry's | aw value and the correlation between the peak
area and the gas correlation. See section 3.09.

3.1.3 Total concentration of non-speci ated organic

conpounds. One run of the non-speciated nmet hod w t hout
bi omass is used to obtain estimtes of the individual
organi ¢ conpound concentrations in the waste. These

i ndi vi dual concentrations are sumed to obtain the total
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concentration of organic conmpounds. See section 3.11.

3.1.4 Biodegradation rate for each non-speci at ed

organi c_conpound. Two runs of the non-speciated method,

one with biomass and one w thout biomass are used to
obtain estimtes of the biodegradation rate for each

I ndi vi dual organic conpound identified in the waste. The
stripping rates fromthe run w thout biodegradation is
conpared to the air stripping run with biodegradation.
The difference in the rates of removal in the two runs is
used to calcul ate the bi odegradation rate. See section

3. 7.

3.1.5 |Individual values of f. and f,;,_for each non-

speci ated organi c _conpound. The use of Form Il or an

equi val ent method is used to evaluate the fraction

bi odegraded (i ndividual F,, using the Henry's |aw val ue
for each component (3.6), the anmpunt of each conponent
(3.9), and the biodegradation rate for each conponent
(3.7), together with the characteristics of the

bi otreatnment unit. See section 3.12.

3.1.6 Overall F._and F,, for the total concentration

of non-speci ated organi ¢ conpounds. The use of Form 1|

or an equivalent nethod is used to evaluate the fraction

bi odegraded (i ndividual f.,, using the Henry's |aw val ue



42
for each component (3.6), the ampunt of each conponent
(3.9), and the biodegradation rate for each conponent
(3.7), together with the characteristics of the

bi otreat ment unit.

These individual F,, nunbers for each of the
conponents are used to obtain an overall F,, value for the
overall non-speci ated waste. Non-speci ated conpounds with
| ow Henry's | aw constants of less than 0.1 nol fraction
gas per nol fraction in liquid at one atnosphere can be
excluded fromthis summti on.

A wei ghted summation of these individual estimates of
bi ol ogi cal and air em ssion renoval is used to obtain an
overall F,, and an overall Fe. See section 3.13.

3.2 Reactor configuration. An aerated draft tube

reactor is used for the biokinetics testing for the non-
speci ated reactor test (as an exanple see Figure 2 of
appendix C). O her aerated reactor configurations may

al so be used if equivalent to the aerated draft tube
reactor. Air is bubbled through a porous frit at a rate
sufficient to aerate and keep the reactor uniformy m xed.
A discussion of the setup and the operation of the aerated
draft tube reactor is presented in Section D.1.

3.3 Reactor sanpling. Concentrations of volatile
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conpounds are only nonitored in the headspace in the non-
speci ated aerated draft tube reactor test. The headspace
may be nonitored with solid phase m croextraction (SPME)
fibers or with automated gas sanpling. A mninmm of six
headspace sanples shall be taken over the period of the
test for each individual run and anal yzed by gas
chromat ography. Sufficient gas sanples will be taken to
provi de at | east 3 data sanples for each rel evant
conponent for each air stripping run. It is necessary to
col l ect enough sanples to quantify the characteristics of
the individual volatile conpound peaks in the system
therefore, in sone cases it is possible to reduce the
total nunmber of headspace sanples by sanpling nore
frequently at the beginning of the run.

3.4 Reactor equilibriumverification. It is

necessary to verify the equilibriumassunption for the
non- speci ated aerated draft tube reactor test as discussed
in section D.1, using Equation C- 2.

A plot of -In(C/C) as a function of t will have a
sl ope equal to GK,/V. Verification of equilibriumcan be
perfornmed initially and periodically with a set of known
vol atil e conmpounds with known Henry's |aw constants. The

sel ecti on of conmpounds should represent the nost volatile
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conpounds in the waste stream (at | east as great as the
experinentally neasured Henry' s | aw constants for the top
5 percent of the non-speciated conponents, or
alternatively with Henry’s | aw constants of 300 y/Xx).
Experinmental |y measured Henry's | aw val ues are avail abl e
fromthe WATER7 (or any subsequent update to the nodel)
data base for a nunber of conpounds. In addition, the
conmpounds that are selected for the verification of
equi li brium should be included in the determ nation of the
SPME fiber partition factor. Verification of equilibrium
in the non-speci ated aerated draft tube reactor test under
each set of operating conditions is inportant because
accurate nmeasurenent of the Henry's |law constant is
necessary to permt accurate characterization of non-
speci ated peaks. Non-speciated conpound peaks that
denmonstrate Henry's | aw constants less than 0.1 (y/x) in
the test are excluded fromthe analysis. |If the aerated
draft tube reactor cannot be denonstrated to be at
equi librium nodify the reactor design and/ or operation.

3.5 Two reactor runs. The concentration of a

conpound in the bioreactor is neasured in the headspace in
two different runs, first with air stripping only and then

second with both biodegradation and air stripping. A
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first order biodegradation rate nodel is used to nodel the
bi odegradation in the aerated draft tube reactor. Since
t he neasurement of the first order biodegradation rate
constant is a function of concentration, it is inportant
to have concentrations of non-speciated conpounds in this
test that closely represent the conditions in the full-
scal e bi odegradation unit that you are evaluating. Since
t he conponents and concentrations are generally unknown
for this non-speci ated nethod, sanples of actual
wast ewat er shoul d be obtained fromthe applicable |ocation
in the full-scale facility, or as close to these
conditions as practicable, such as a sanple of wastewater
froma pilot plant, a full-scale process from anot her
site, etc. This nodel and a stripping expression are

conbined to give a mass bal ance for the aerated draft tube

reactor:
ds _a&Kegq O
- =¢ q—:S+K1)<S (Egn. App. C-7)
dt e V g
wher e:
S = test conpound concentration, ng/liter
G = volunmetric gas flow rate, liters/hr
Keqg = Henry's Law constant neasured in the system
(mg/liter gas)/(mg/liter liquid)
V = volune of liquid in the reactor, liters
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X = bi omass concentration (g MLVSS/liter)
K, = first order biodegradation rate constant, liter/g
MLVSS/ hr

Equati on App. C-7 can be integrated to obtain the

foll ow ng equati on:

0 a6K
qZPeakar eq °=.¢ eq , k
ePeakareagg e V

5
1 X+ (Egqn. App. C-8)
o

wher e:

Peakarea; = the area of the non-speciated conpound peak
at time t,

Peakarea, = the area of the non-speciated conpound peak
at the begi nning of the run,

Koo/ V = contribution to the slope from stri pping
only, and

K. X = contribution to the slope from

bi odegr adati on.

If I n(Peakarea) is plotted on the y axis and t is
plotted on the x axis, the data should form a straight
line with a slope that equals the negative of the ternms in
parent hesis on the right of Equation App. C-8 and the
intercept of this line on the y axis equals |In (Peakarea,).

A di scussion of Equation App. C-8 is provided in
reference 9. This equation is used to analyze the two
stripping runs, with and w thout biodegradation. Evaluate

t he sl ope for each non-speci ated peak for both the run
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wi t hout bi odegradation and the run with biodegradation.

3.6 Henry's law constants. To evaluate the Henry's

| aw constant for each unspeciated VOC, you obtain the
slope for the run w thout biodegradation and then equate
this slope (with a negative value) to -GK,/ V. The value
of K, is then equal to the product of the negative of the
sl ope and V, divided by G

3.7 Biodeqgradation rate constant. To eval uate the

first order biorate constant, use the slope for each non-
speci ated peak for the run w thout biodegradation and
subtract the correspondi ng sl ope of the non-speciated peak
with biodegradation. This difference equals K X. The
value of K, that is determined in this manner is used to
characterize the bi odegradation rate under the conditions
in the full-scale biodegradation unit that you are

eval uati ng.

3.8 Accuracy concerns. The non-speciated conpound

peak data may contain scatter that can adversely influence
the data interpretation. 1In the case of significant data
scatter for a specific conpound that will limt the
ability to determne the difference in slopes fromthe two
runs, it is possible to use conventional statistics to

estimate the accuracy of the difference in slopes. When
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it is not possible to denonstrate a significant difference
in the slopes of the two runs for a non-speci ated
conmpound, the value of K, is set to zero. A negative value
of K; is never used. |If the specific conpound of concern
has a statistically significant negative value of K;, this
can be an indication of the formation of the conpound as a
byproduct and is reported as an anomalous result. It is
necessary to provide docunentation of data and
cal cul ati ons.

If the stripping rate constant is relatively |arge
when conpared to the biorate, it my be difficult to
obtain an accurate evaluation of the first-order biorate
constant. In these cases, either reducing the stripping
rate constant by lowering the aeration rate, or increasing
the bi omass concentrati ons should be considered. If the
aeration rate is changed, the equilibriumassunption wll
have to be verified again. Equilibriumconditions are
typically nore difficult to obtain at greater aeration
rates, but |ower aeration rates could result in difficulty
i n achieving equilibriumconditions due to poorer m xing.

3.9 The concentration of each conpound. The anpunt

of each individual non-speciated organic conpound is

cal cul ated by neasuring the initial area of the
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chromat ogr aphi ¢ peak of the individual conpound, Peakarea,
the ratio of the peak area to the gas phase concentrati on,
F, the SPME fiber partition factor, K, and the partition
coefficient, K, The Peakarea, is the intercept of the
line with the y axis (plot of |In Peakarea vs. tine). |If
automati c gas sanpling is used for the analysis, a
representative calibration of the gas chromatographi c peak
area and the gas phase concentration is required, and a
correlation for the fiber partition factor is not used
because the SPME nethod is not used. For conpl ex
chem cals with relatively poor biodegradation rates, it
may be necessary to nodify the procedure using nultiple
columms or detectors.

The equation used for the SPVME nethod is as foll ows:

P
Q_=————45———— (Eqn. App. C-9)
FKqufiber
wher e:
C. = the concentration of the conmponent in the water,
(mg/ L),
Pa = the integrated peak area of the conponent in the
gas chromat ograph, (area counts),
Keqg = the ratio of the concentration of the conponent

in the headspace to the concentration of the
conmponent in the water, (ng/L per ng/L),

Ktiber = the ratio of the mass on the extraction fiber to
t he concentration of the conponent in the
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headspace, (ng per ng/L), and

F = the ratio of the peak area to the mass on the
extraction fiber, (area counts/ng).

The equation used for the automati c headspace sanpling

alternative is as foll ows:

Pa

@ FeKeg

(Egn. App. C-10)

where the synbols are defined above, and Fc is the ratio
of the peak area count to the concentration in the gas
phase, (mg/L). This nunber depends on the sanpling and
anal ysi s setup

3.10 SPME fiber partition correlation. If automatic

gas sanpling is used, it is not necessary to account for
SPME fiber partition effects, but it is necessary to use
gas chromat ographic calibration factors for the conpounds
of interest. Reference 9 presents additional details on
t he use of gas chromat ographic calibration factors and
SPME fiber partition factors.

The SPME fiber partition factor is obtained by
preparing an aqueous sol ution or solutions with known
conpounds of varying volatility and cheni ca
characteristics that are representative of the waste

stream of concern. The detector peak areas and retention
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tinmes are then obtained with the SPVME nethod for these
known conmpounds. The mass of conpound is calcul ated from
the area counts of the GC conmpound peak, and the
concentration in the headspace is calculated fromthe
Henry’s |l aw factor and the known |iquid concentration.
The fiber partition factor Ki,, IS the ratio of the mass
of conmpound to the concentration in the headspace at
equi libriumw th the aqueous solution. A correlation is
t hen obt ai ned between the value of K, and the retention
time of the detector response.

The SPME fiber partition factor correlation for a
series of petrochem cal conpounds that is provided in
Figure 4 of reference 9 can be used with verification of
the correlation with a few conpounds if the chemcals in
that correlation are representative of the waste stream of
concern. The fiber recovery of the conpound is correlated
with the volatility (aqueous Henry' s |aw constant) as a
result of the experinmental measurenents of the headspace
concentrations by the fiber extraction nethod.

If some characterization is available for the waste
stream of concern, such as a conpound identification of
nore than 25 percent of the major conmpounds present in the

waste, it is recommended that sel ected nenbers of these
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i dentified conpounds are included in the neasurenments for
the determ nation of the site-specific SPME fi ber
partition factor correlation.

In some cases, after concluding the non-speciated
met hod runs for the waste with and w thout biomass, the
SPME partition factor correlation may appear to be
i nappropriate for the waste stream Sone of the reasons
for this could include incorrect conpound concentration
for a known conpound, incorrect concentration ratios of
known conmpounds, or test data outside the applicable range
of the correlation. When there are problems with the SPME
partition factor correlation, the correlation my be
i nproved without the need to rerun the non-speciated
met hod runs for the waste with and w t hout bi omass.

If, unlike the petrol eum conpound set evaluated in
reference 9, you are unable to obtain a single correlation
for use in interpreting the data that you obtain fromthis
met hod, you shoul d consi der the use of two or nore
correlations with nultiple correlations and nmultiple
detectors/fiber types. A discussion of the nmethods used
in this multiple correlation technique alternative is
outside the scope of this discussion. This alternative of

more than one correl ati on shoul d not be used w t hout
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supporting experinmental investigations to verify the
techni cal approach that you are using. The EPA Met hod 25D
descri bes the use of two different types of gas
chromat ograph detectors to nore conpletely characterize
t he compounds in the waste. You may w sh to consider the
use of automatic direct headspace sanpling in the case of
difficulty with identifying adequate SPME correl ati ons.

3.11 Calculation of the total non-speci ated conpound

concentration. The nmeasured individual organic conpound

concentrations are summed to obtain the total non-

speci ated conpound concentration. Certain conpounds my

be excluded fromthis total. Exanples of conponents that

may be excluded fromthe total sunmati on procedures are

the follow ng:

. Conponents that are present in the vapor phase in
concentrations too |l ow to nmeasure.

. Conponents that are identified and have specific
regul atory excl usi on.

. Conponents that have gas chromatographic retention
times that are substantially greater than can be
consi dered characteristic of volatile conponents.

3.12 Calculation of f_, and f,;, for each conpound.

The site specific biodegradation unit characteristics are
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used with the nmeasured val ues of the conpound Henry’'s | aw
val ue and the bi odegradation first order rate constant to
estimate f, and f,, for each conpound.

3.13 Calculation of the overall f, and F,, for the

total volatile waste conponents. The individual organic

conmpound concentrations are used with individual val ues of
fo and f,, to obtain the total biological renmoval and the
total air em ssion renoval fromthe treatnment unit. In
the case of an ideal stirred tank reactor, the anmount of
each conponent entering the reactor is calcul ated by
multiplying the flowrate of the waste (n¥/s) by the
concentration (g/n?) to obtain the individual |oading rate
(g/s). For each conmpound that is not excluded, the

i ndi vidual loading is suimmed to obtain the total | oading.
The overal |l biological renoval is the sum of the products
of the individual loading rate (g/s) and the individual
val ue of f,, The overall air renoval is the sum of the
products of the individual |oading rates (g/s) and the

i ndi vi dual values of fe. The overall f,, value is the
ratio of the overall biological renoval to the total

| oading. The overall f, value is the ratio of the overal
air emssions loss to the total | oading.

Ref erence 9 presents exanples of the use of the above
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procedures to evaluate the fraction biodegraded for two
types of biotreatnment units.

3.14 Conmputer assisted calculations. It is possible

to use conputer assisted data acquisition and data
analysis in order to reduce the extensive |abor

requi rements to performthe above procedures manually.
You may use either manual nethods, electronic
spreadsheets, or conpiled prograns that can directly

i nport the gas chromat ographic conputer files. Present
the results for each non-speciated conponent, the sunmary
of the weighted average F,, using each rel evant conponent,
and supporting quality assurance information. The sl ope
and intercept of the correlation curve, the correlation
coefficient, and the nunber of data points used for the
correlation are exanples of supporting quality assurance
I nfor mati on.

4. Quality Control/Quality Assurance (QA/QC). A

QA QC plan outlining the procedures used to determ ne the
bi odegradati on rate constants shall be prepared and a copy
mai nt ai ned at the source. The plan should include, but
my

not be limted to:

1. A description of the apparatus used (e.g., size,
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vol une, method of supplying air or oxygen, m xing, and
sanpling procedures) including a sinplified schematic
dr awi ng.

2. A description of how biomass was sanpled fromthe
activated sludge unit.

3. A description of how biomss was held prior to
testing (age, etc.).

4. A description of what conditions (DO, gas-liquid
equi l i brium tenperature, etc.) are inportant, what the
target values are, how the factors were controlled, and
how wel | they were controll ed.

5. A description of how the experinent was conduct ed,
I ncl udi ng preparation of solutions, dilution procedures,
sanpl ing procedures, nmonitoring of conditions, etc.

6. A description of the analytical instrumentation
used, how the instruments were calibrated, and a summary
of the precision for that equipnment.

7. A description of the analytical procedures used.
I f appropriate, reference to an ASTM EPA or ot her
procedure may be used. O herw se, describe how the
procedure is done, what is done to measure precision,
accuracy, recovery, etc., as appropriate.

8. A description of how data are captured, recorded,
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and stored.

9. A description of the equations used and their
solutions, including a reference to any software used for
cal cul ati ons and/or curve-fitting.

3. Appendix Cis anended by revising section IIl.Eto
read as foll ows:

E. Multi pl e Zone Concentrati on Measurenents (Procedure 5)

Procedure 5 is the concentration neasurenment method
that can be used to determne the f,,, for units that are
not thoroughly m xed and thus have multiple zones of
m xing. As with the other procedures, proper
det erm nati on of f,, nust be made on a systemas it woul d
exi st under the rule. For purposes of this cal cul ation,
the biological unit nmust be divided! into zones with
uni form characteristics within each zone. The nunber of
zones that is used depends on the conplexity of the unit.
Ref erence 8, “A Technical Support Docunent for the
Eval uati on of Aerobic Biological Treatnent Units with
Multiple Mxing Zones,” is a source for further
i nformati on concerning how to determ ne the nunber of

zones that should be used for evaluating your unit. The

1 This is a mathemati cal division of the actual
unit; not addition of physical barriers.
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followi ng informati on on the biological unit nust be
avail able to use this procedure: (1) basic unit variables
such as inlet and recycle wastewater flow rates, type of
agitation, and operating conditions; (2) neasured
representative organi c conmpound concentrations in each
zone and the inlet and outlet; and (3) estinmated nmass
transfer coefficients for each zone.

The estimted mass transfer coefficient for each
conpound in each zone is obtained fromForm Il using the
characteristics of each zone. A conputer nodel may be
used. If the Water7 nodel or the nost recent update to
this nodel is used, then use FormlIl-A to calculate KL.
The TOXCHEM or BASTE nodel may al so be used to cal cul ate
KL for the biological treatnent unit, with the
stipulations listed in procedure 304B. Conpound
concentration neasurenents for each zone are used in Form
X1l to calculate the f,,. A copy of FormXIII is
conpl eted for each of the conpounds of concern treated in
t he bi ol ogical unit.

4. Appendix Cis anmended by revising equation C-7 in
section IV to read as foll ows:

| V. Cal cul ation of F,
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n
a (foio xM)

Foi o =1 — (Eqn. App. C-11)
am
i=1
wher e:
M = conpound specific average mass flow rate of
t he organi c conpounds in the wastewater
(My/ Yr)
n = number of organic conpounds in the

wast ewat er

5. Appendix Cis anended by revising the references to
read as foll ows:
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2. Elis, T.G, D S. Barbeau, B.F. Snets, C P.L.
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